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Abstract

Enabled by advanced communication and information technologies, the smart grid represents a
major transformation for the electricity sector. Vast quantities of data and two-way
communications abilities create the potential for a flexible, data-driven, multi-directional supply
and consumption network well equipped to meet the challenges of the next century. For
electricity service providers (“utilities”), the smart grid provides opportunities for improved
business practices and new business models; however, a transformation of such magnitude is not

without risks.

Three related studies are conducted to explore the implications of the smart grid on utilities’
demand-side activities. An initial conceptual framework, based on organizational information
processing theory, suggests that utilities” performance depends on the fit between the information
processing requirements and capacities associated with a given demand-side activity. Using
secondary data and multiple regression analyses, the first study finds, consistent with OIPT, a
positive relationship between utilities” advanced meter deployments and demand-side
management performance. However, it also finds that meters with only data collection capacities
are associated with lower performance, suggesting the presence of information waste causing
operational inefficiencies. In the second study, interviews with industry participants provide
partial support for the initial conceptual model, new insights are gained with respect to
information processing fit and information waste, and “big data” is identified as a central theme
of the smart grid. To derive richer theoretical insights, the third study employs a grounded theory
approach examining the experience of one successful utility in detail. Based on interviews and
documentary data, the paradox of dynamic stability emerges as an essential enabler of utilities’

performance in the smart grid environment. Within this context, the frames of opportunity,



control, and data limitation interact to support dynamic stability and contribute to innovation

within tradition.

The main contributions of this thesis include theoretical extensions to OIPT and the development
of an emergent model of dynamic stability in relation to big data. The thesis also adds to the
green IS literature and identifies important practical implications for utilities as they endeavour to

bring the smart grid to reality.
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Chapter 1

Introduction

These roadblocks are not trivial. A growing world population,
coupled with global climate concerns, urbanization and
antiquated systems, are straining current infrastructures. In 2010
smart grid technology came into its own. By September 2010,
over two million new smart meters were installed in the U.S.,
according to the Department of Energy. According to Lux
Research, there will be nine times the smart grid data in 2020
than there is today. What can we do with all the information we
are collecting at these millions of endpoints? (Ambrosio, 2011)

Since the introduction of electricity to homes and businesses over a century ago, the electricity
grid has developed around a linear one-way model in which large central generation facilities
push electricity downstream through the value chain to the end users (Fox-Penner, 2010). Today,
mounting concerns regarding energy security, economic growth, and environmental sustainability
are making that operating model increasingly untenable. With respect to the environment,
scientific evidence suggests that in order to prevent catastrophic climate change, global carbon
emissions into the atmosphere must be reduced by 50-85% from 1990 levels by 2050
(Intergovernmental Panel on Climate Change, 2007). If this goal is to be achieved, significant
changes to the electricity sector are necessary because the large-scale generation of electricity,
predominantly fueled by coal and other fossil fuels, is a major contributor of carbon emissions
(Kharecha, Kutscher, Hansen and Mazria, 2010). To this end, the smart grid offers great promise;

it is anticipated that by coupling information technologies with power engineering, the smart grid



will be able to facilitate the reduction of negative environmental impacts of the electricity sector

(Fox-Penner, 2010; Hledik, 2009; Keshav and Rosenberg, 2011).

As the next generation electricity grid, the smart grid includes the suite of advanced information
and power technologies deployed in the generation, transmission and distribution of energy and
resulting in an intelligent and integrated environment (McDonald, 2008). Vast quantities of new
data and two-way communications abilities create the potential for a flexible, data-driven, multi-
directional supply and consumption network well equipped to meet the challenges of the next
century. It is expected that the smart grid will dramatically change how the power industry
operates (Fox-Penner, 2010) by creating additional constraints and opportunities for incumbent
organizations and new entrants. It has also been suggested that IS-intensive firms that are able to
consolidate, analyze, and communicate information to a variety of stakeholders could take a
leading role in the industry (Fehrenbacher, 2009). Early evidence of these changing dynamics can
be seen in the strategies of large companies, such as Microsoft, Google, and General Electric, and
the formation of new entrepreneurial organizations in the power industry. Accordingly, all
organizations within the electricity sector must adapt to this new data and information-driven

business paradigm to maintain performance and preserve the stability of this vital sector.

Capabilities of the smart grid span the entire electricity supply chain from generation to
consumption. On the upstream (supply) side of the grid, manifestations of a smart grid include
automated fault detection and self-correction, facilitation of renewable energy sources, and
optimization of asset use. On the downstream (demand) side, smart meters are the most visible

representation of the smart grid. Through data collection and communications capabilities, smart
2



meters provide electricity service providers (“utilities”) with opportunities for enhancing their
demand-side services and implementing more dynamic demand-side management strategies,
which can contribute significantly to the greening of electricity (Browne, O'Regan and Moles,

2009; Mason, Page and Williamson, 2010).

Thus far, research related to the demand-side of the smart grid has been predominately situated
within the prevue of engineering and, to a lesser extent, economics and finance (Strueker and
Dinther, 2012). Despite the critical role of information systems (IS) in the smart grid and calls for
the IS community to become more engaged in research related to environmental sustainability
(e.g., Dedrick, 2010; Watson, Boudreau and Chen, 2010a), there has been little investigation into
the smart grid from this perspective (Strueker and Dinther, 2012). This thesis attempts to address
this gap by executing a series of studies that investigate the implications of the smart grid on

utilities’ demand-side activities.

1.1 Research Questions

Given the importance of the smart grid to global sustainability and the dearth of IS research in
this area, there are numerous avenues for investigation. Three perspectives serve to frame this
thesis. First, the smart grid is viewed as a socio-technical system, in which two “jointly
independent, but correlative interacting systems — the social and the technical” (Bostrom and
Heinen, 1977, p. 17) work together toward the achievement of particular outcomes and
objectives. Thus, this thesis does not limit its investigation to the technical or social aspects of the

smart grid, but considers how the two interact and what emerges when they do (Lee, 2001).



Second, although the smart grid has implications for many different stakeholders, including
residential and business customers, this thesis adopts the perspective of electricity service
providers (“utilities”). This choice is motivated by the observation that very little research
attention has been paid to the organizational impacts of the smart grid, yet utilities play a central
role in how the smart grid evolves. Understanding the implications of the smart grid on utilities
will complement research done from the consumer or policy perspectives and help to develop a

more holistic knowledge base around this emergent phenomenon.

Third, this thesis considers the smart grid from a demand-side perspective. As noted, the smart
grid delivers capabilities that support activities across the entire power supply chain and it would
be impossible within a single research program such as this to adequately address them all.
Therefore, this thesis focuses its investigation on aspects of the smart grid that support and

influence demand-side (e.g., consumer) activities and processes.

Based on these three perspectives, the two main questions motivating this thesis can be stated as

follows:
e What is the impact of the smart grid on utilities” demand-side activities and
performance?
e How do technical and social elements of the smart grid, and interactions between

them, influence utilities’ demand-side activities and performance?



1.2 Contributions

This thesis makes several contributions. First, this research adds to the growing scholarship
related to the application of IS to support environmental sustainability. By investigating how the
smart grid influences utilities’ demand-side management performance, the thesis provides both
theoretical insights and empirical evidence that link the application of advanced IS with
environmental goals such as energy efficiency and reduced consumption of carbon-generating
resources. For the IS research community, explicating the role of information in the efficient,
reliable and secure delivery of electricity falls within the IS discipline’s core expertise and

represents a vital contribution to the achievement of a smarter grid.

Second, this thesis extends IS research into the area of demand-side management. New
theoretical perspectives are applied to explain the underlying mechanisms by which IS can enable
or impede demand-side management. In so doing, the research suggests several theoretical
extensions to organizational information processing theory (OIPT). In particular, the thesis
integrates the lean information management literature with OIPT to explain how a lack of fit due
to over-capacity can lead to information waste. In addition, the findings suggest that dynamic
stability may provide another approach by which organizations can achieve information

processing fit and ensure their long-term performance.

Third, this thesis provides novel theoretical insights into the emergent IS phenomenon of big data.
As witnessed in the electricity sector, advances in information systems and technologies are
making it easier and cheaper for organizations to accumulate ever-increasing volumes of data

(Briody, 2011), but these “big data” creates new challenges for organizations. This thesis
5



develops an emergent theory of big data that explains how three big data frames of reference
influence organizational perceptions and approaches to big data and lead to innovation within
tradition.

At a practical level, this thesis also uncovers important implications for the electricity sector and

the utilities that play a central role in the development of the smart grid.

1.3 Structure and Overview of Thesis

This thesis is organized into seven chapters which build successively on each other in order to
address the research questions posed above. To begin, Chapter 2 provides contextual foundation
for the research. First, the smart grid is described in more detail. Then, the literatures related to
demand-side management and organizational information processing theory are reviewed. Key

insights as well as limitations of those literatures are highlighted.

In Chapter 3, an initial conceptual model is developed that brings together elements from the
smart grid, demand-side management and the organizational information processing perspective.
Twelve propositions that elucidate the impact of 1S-enabled smart grid technologies on utilities’

performance are proposed. This framework is used to guide the formation of subsequent studies.

Chapter 4 describes the methodology and findings of the first study. Concepts from lean
information management are integrated with organizational information processing theory to
develop two competing hypotheses regarding the impact of smart grid metering technologies on
utilities’ demand-side management performance. A third hypothesis related to the effects of time

(derived from the initial conceptual model) is also developed. The hypotheses are tested using



guantitative evaluation of historical data and the results point to the potential for both positive and

negative effects of smart grid technologies.

Chapter 5 contains details regarding the second study. Study 2 involves qualitative field
interviews and the results are used to provide a preliminary assessment of the overall conceptual
model, help to inform the results of Study 1, and identify key themes that enhance the
understanding of the socio-technical implications of the smart grid on utilities” demand-side

activities. In particular, the study identifies big data as a central concept to be further investigated.

In Chapter 6, the third study is presented. In order to provide richer theoretical insights, a
grounded theory approach is applied for this study. The emergent theory identifies three frames of
reference with respect to big data which interact to support dynamic stability. Dynamic stability,
in turn, enables utilities to enhance their performance through a process of ‘innovation within

tradition’.

The final chapter, Chapter 7, provides a discussion and integration of the findings across the three
studies. In addition, contributions, practical implications and future research directions stemming

from this thesis are presented.



Chapter 2

Literature Review

As the first major architectural change to the electricity grid in over 100 years, the smart grid has
been heralded as the “second electric power revolution” (Fox-Penner, 2010, p. 5). Therefore, in
order to understand the socio-technical implications of the smart grid on utilities’ demand-side
activities it is necessary to have an appreciation of the existing power grid and the changes that
are expected to come. Accordingly, this chapter begins by providing an overview of the
electricity sector and an introduction to the smart grid. Once the context for this thesis is
established, the chapter then moves on to discuss the two main streams of research — demand-side
management and organizational information processing — that are brought together to inform the

creation of the initial conceptual model that helps to guide the first two studies.

2.1 Background on the Electricity Sector

The architectural design of the power sector that is prominent today has its roots in the late
1800’s when entrepreneur and inventor Thomas Edison established North America’s first
commercial power generating plant in New York in 1882. The vision of the time was for large-
scale central generation of electricity that would be capable of providing electricity to customers
within a specific geographic territory over a grid of transmission wires. As more cities and
communities built electric generation facilities and grew together, interconnections between the
local electricity grids merged into what is now an integrated North American power grid. Within
this structure, utilities were responsible for the functions of power generation and wholesale

trading, power transmission (high-voltage), and power distribution (lower voltage to consumers).
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It was, and largely remains, a system that is one-way and linear in nature with primary goal of
being able to generate the greatest amount of electricity as cheaply as possible (Fox-Penner,

2010).

In the last century, individuals and organizations have continued to find new ways of using
electricity. By powering industrial machinery, computerized information systems, and appliances,
electricity has allowed us to do more, better and faster. Electricity has become a cornerstone of
economic growth and prosperity. In developed nations, it has become taken-for-granted in our
everyday lives as we move toward a 24/7 ‘always on’ society (Loveday, Bhamra, Tang, Haines,
Holmes and Green, 2008). Developing nations are quickly catching up with their developed
counterparts with respect to electricity demands and global demand for electricity is expected to
grow at a rate of 2.5% annually to 2030 (OECD and IEA, 2009). In addition to overall increases
in consumption, temporal peaks in demand (short periods when the electricity load reaches its
highest point) are also critical drivers for the electricity sector. In most areas, the aggregate
consumption of electricity is not constant, but varies based on hourly, daily, seasonal and
economic conditions. At certain points, the peak demand may exceed average consumption by a
large margin; thus, the generation capacity of the electricity grid is dictated by the anticipated

peak demand.

The rising demand for electricity (both in terms of consumption and peak load) is accompanied
by the need for additional supply. In its base scenario, the International Energy Agency (IEA)
estimates that US $13.7 trillion will be invested in the global power sector between 2008 and

2030 (OECD and IEA, 2009), with over half of this being committed to new generating plants.
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Not only do these investments carry heavy financial burdens, they also trigger significant
environmental concerns (Clastres, 2011; Fox-Penner, 2010). Among nations, China is expected
to be the largest investor in new electricity generation, building primarily coal-fueled plants. As a
result, it is anticipated that the proportion of coal as the fuel for electricity will increase to 44% in
2030 from the current level of 42% (OECD and IEA, 2009). With coal continuing to be a major
input to electricity generation (see Figure 1) it will be difficult to achieve reductions in global
greenhouse gas emissions, which are necessary to slow the impact of climate change.
Additionally, coal-powered electric generators contribute significantly to other environmental
pollution, accounting for a third of mercury emissions and two-thirds of sulfur dioxide emissions
in the United States (Achenbach, 2010). Recently, international attention on environmental
sustainability and climate change has increased pressure on governments to control and reduce
greenhouse gas emissions, driving the need for cleaner energy, such as solar or wind (Kang, Park

and Yeo, 2009; McDaniel and McLaughlin, 2009; Nair and Zhang, 2009).
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Figure 1: World Electricity Generation by Fuel Type
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For developed nations, there is the added problem of an outdated and inflexible electricity grid.
Although advances in power engineering have improved the reliability and efficiency of the
electrical grid, the basic structure has remained relatively unchanged for decades (Farhangi, 2010;
Fox-Penner, 2010; Spring, 2009). Many technical components of the grid have exceeded their
expected lifespans, raising the risk of failures across the system. Shortages in power are becoming
more frequent in many places (Herter, 2007) and there are concerns that the current infrastructure
will be unable to handle projected future needs (Nair and Zhang, 2009; Ouyang and Hokao,
2009). As witnessed during the August 2003 blackout in the United States and Ontario, a single
local failure can cause immediate and widespread cascading failures across large geographical
areas (Achenbach, 2010). Further, the current power grid has structural limitations that make it
difficult to incorporate the new energy sources or more efficient distribution of electricity. For
instance, a major challenge arises from the unidirectional nature of the existing grid (Farhangi,
2010), meaning that energy flows only from generators to consumers. As a result, the grid does
not easily allow for distributed or cogeneration of electricity further downstream and is unable to
adapt to changing customer demands (Weiss, 2009). In the 2008 World Energy Outlook, the

problem was summarized succinctly as follows:

The future of human prosperity depends on how successfully we
tackle the two central energy challenges facing us today:
securing the supply of reliable and affordable energy; and
effecting a rapid transformation to a low-carbon, efficient and
environmentally benign system of energy supply. (OECD and
IEA, 2008, p.37)
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2.1.1 The Smart Grid

In response to these two main energy challenges, billions of dollars have been invested in the
smart grid. In 2009, as part of the economic stimulus package, U.S. President Obama earmarked
US$4.5 billion dollars for smart grid infrastructure development (McDaniel & McLaughlin, 2009;
Scott, 2009), and global smart grid spending is projected to reach US$46.4 billion by 2015. Most
major utilities have started to plan and implement a range of smart grid initiatives (Achenbach,
2010). Although the smart grid is a rather nebulous term that has been used to describe many
things (Clastres, 2011), it can be best be defined as the entire suite of advanced information and
power technologies deployed in the generation, transmission and distribution of energy which
results in an intelligent and integrated environment (McDonald, 2008; Spring, 2009) where the
“business processes, objectives, and needs of all stakeholders are supported by the efficient

exchange of data, services, and transactions” (Farhangi, 2010, p. 23).

As this definition implies, the smart grid will combine the use of advanced information systems
and communications technologies (IS) with power system engineering, to add intelligence to the
infrastructure. With the injection of advanced IS, the most fundamental difference between the
existing power grid and the smart grid is the availability multidirectional information flows across
all parts of the electricity value chain. These information flows will give utilities better visibility
and control over their processes and assets and enable them to manage the grid more effectively
(Farhangi, 2010; Spring, 2009). As shown in Figure 2, smart grid capabilities span the entire
supply chain from generation to consumption in order to address the dual challenges of energy
security and environmental sustainability. For instance, with respect to generation, the smart grid

provides capabilities that enable the incorporation of distributed and co-generation (e.g., small
12



scale local generation of electricity by customers), integration of alternative sources of energy,
and facilitation of electric vehicles. In transmission and distribution, smart grid capabilities
support the optimization of asset use, problem detection, grid self-monitoring, correction and
mitigation. With respect to the consumption, or demand-side, the smart grid can facilitate demand
response, and conservation and energy efficiency programs by giving customers more
information and control related to energy consumption decisions (CEA, 2010; Clastres, 2011;
Farhangi, 2010; Gold, 2009; Hartway, Price and Woo, 1999; Herter, McAuliffe and Rosenfeld,

2007; McDonald, 2008).
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Figure 2: Energy Challenges and Enabling Capabilities of the Smart Grid

What is clear from this discussion is that the smart grid is a large and complex system that

involves multiple stakeholders, such as generators, utilities, and end-use customers. It would be
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impossible within a single research program to adequately address all the various capabilities of
the smart grid. Given this complexity and the questions motivating the research, this thesis
concentrates on one of the main elements of the smart grid in relation to utilities’ demand-side

activities: advanced metering infrastructure.

2.1.2 Advanced Metering Infrastructure

Advanced metering infrastructure (AMI) is one of the essential building blocks for achieving the
full promise of the smart grid (McDonald, 2008). Three main components of the AMI are the
smart meter, meter data management system (MDMS), and home area network (HAN). The
smart meter is a computerized replacement to the electro-mechanical meter and contains a
processor, storage, and communication capabilities (McDaniel and McLaughlin, 2009). The
smart meter serves as the communication link between the energy provider and the customer.
Although only one piece of the total smart grid infrastructure, smart meters have become the most

visible manifestation of the smart grid, particularly for customers.

On the utility side, the MDMS is the heart of the AMI. The MDMS s a single repository and
information processing system for data collected from devices, such as smart meters (Moore,
2008). In this respect, the MDMS provides the backbone for various demand-side activities,
including billing, demand-side management, problem-detection, and customer service. Although
large utilities may develop their own MDMS solutions, IS vendors, such as Siemens, Oracle and
Itron, have become dominant providers of this technology. An MDMS is typically implemented
in conjunction with the deployment of smart meters and utilities can choose different

configurations and functionality. Four main capabilities are available in an MDMS. First, a
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MDMS may have the ability to collect data from multiple sources, such as brands or types of
meters, transformer meters or other devices using a number of different communications
protocols (Moore, 2008). Second, the MDMS may provide interval data management (Moore,
2008). When information from meters is collected on timed-intervals, such as every 15 minutes,
there are unavoidable gaps, overlaps or redundancies in the data. Through data validation,
estimation and editing, the MDMS can clean and augment the data prior to feeding it into other
systems such as billing. A third capability is versioned data storage (Moore, 2008). Although
some activities, such as demand response, require real-time information, other applications
require historical data. Thus, data can be stored and archived in a way that bills can be generated,
disputes can be investigated and audit trails provided in the event of problems or issues. Finally,
the MDMS can serve as a data platform for other business applications, such as revenue
protection and theft analysis, outage management, usage analysis and prediction, and demand

response (Moore, 2008).

The third component of AMI, the home area network, or HAN, operates principally on the
customer side. The HAN is the communication network that connects the smart meter to other
smart appliances within the home. It also interfaces with other applications such as GE’s Nucleus

energy manager (http://www.geappliances.com/home-energy-manager/) to provide an energy

information dashboard to customers.

Through its ability to connect the customer with the utility company through two-way
communication, the AMI (including smart meters, MDMS and HAN) provides many benefits to

customers. These benefits can be grouped into four categories: information provision, pricing,
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service management, and energy sourcing. Although many of these new features specifically
target energy consumption and conservation, there are additional areas in which households can
engage in more active energy management (see Table 1). Thus far, the most commonly used
applications of AMI relate to more traditional conservation capabilities, particularly with respect

to information provision and time-of-use pricing. However, as both utilities and their customers

gain more experience and confidence in AMI, more advanced applications such as integration

with smart appliances (including plug-in electric vehicles) and dynamic demand-side

management are likely.

Table 1: Capabilities of AMI for Residential Customers

Energy Consumption and
Conservation

Energy Management

Information Tracking of usage by time of day, | Trend and what if analysis,
provision storage of consumption patterns | projected monthly costs, allowing
and trends customers to make informed
decisions regarding energy use
Instant feedback to customers on
current usage through internet- Calculations of greenhouse gas
enabled devices such as personal | emissions related to household use
computers or smart phones
Pricing Static time-of-use pricing Dynamic time of use-pricing
Service Remote monitoring and Notifications of service disruptions
management disconnection of services or alarms

Demand management: automatic
or remote temporary shut-down
of appliances if grid, is in danger
of being overloaded

Remote or automatic programming
of smart appliances

Energy sourcing

Customers to specify desired
sources of power (coal, wind, solar)
at differential prices

Local generation of electricity (i.e.
solar or wind) for own use or to
contribute to the grid
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Having presented a general overview of the smart grid, the chapter now turns to the topic of

demand-side management.

2.2 Demand-side Activities

Within organizations, demand-side activities are those that are associated with delivering
products and services to end customers. Specifically, the demand-side of a business comprises all
the “processes necessary to understand, create and stimulate customer demand” (Hilletofth, 2011,
pps. 184-185). As part of the overall supply chain, but distinct from upstream activities related to
procurement and manufacturing, demand-side (or demand chain) activities include three main
processes: customer relationship management, customer service, and demand-side management
(Hilletofth, 2011; Lambert and Cooper, 2000). Customer relationship management (CRM)
involves identifying key customers or customer groups, and defining and managing product and
service arrangements, including performance evaluations with respect to expected service levels
(Lambert and Cooper, 2000). Activities related to customer service include maintaining a single
source of customer information and point of contact, information provisioning regarding delivery
dates, products or service availability, and customer assistance with respect to the use of the
company’s products or services (Lambert and Cooper, 2000). Demand-side management
activities emphasize maintaining the appropriate balance between customer requirements and
available supply and incorporate point-of-sale information to forecast and influence demand

(Lambert and Cooper, 2000).

Historically, utilities have emphasized upstream (or supply-side) activities in order to improve the

reliability and efficiency of generation, transmission and distribution (Fox-Penner, 2010).
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Demand-side activities were largely transactional, such as meter reading and billing, service setup
and cancelation, addressing service interruptions, and providing educational safety or energy
conservation programs. However, with AMI, the smart grid opens up possibilities for new
demand-side services. One of the most promising from an environmental sustainability

perspective is demand-side management, which is discussed next.

2.2.1 Demand-side Management

As noted above, demand-side management is concerned with ensuring a balance between
customer requirements and the available supply of a given product or service (Lambert and
Cooper, 2000). In business, the mismatch between supply and demand is a chronic and expensive
problem (Adebanjo, 2009; Feng, 2010). As more industries feel the pressure of constrained
resources, the ability to manage highly fluctuating demand with available capacity is becoming a
major management challenge (Anderson and Carroll, 2007; Jack and Powers, 2009). This has led
to a new interest in demand-side management across various industries in both the private and

public sectors (see Table 2).

Table 2: Sample Articles on Demand-side Management by Sector

Sector Sample Articles

Health Care Jack & Powers 2009

Energy Auffhammer 2008, Browne et al. 2009, Curtis & Khare
2004, Mason et al. 2010, Strueker 2012,

Food Canever et al. 2008, Adebanjo 2009, Taylor & Fearne
2009

Retail and manufacturing Bursa 2008

Transportation Lu, Lin & Lewis 2007, McCollum & Yang 2009,Buliung
et al. 2010, Zhao et al. 2010

Travel (hotel, airlines, car rental) Anderson & Carroll 2007, Morales et al. 2010

Water Brandes 2005,Hoyenga & Reaves 2006, Zarghami 2010

Management / Forecasting Iyer et al. 2003, Lapide 2006, Morales et al. 2010,
Zarghami 2010
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Although most organizations struggle with how to increase the demand for their products or
services through product differentiation or marketing, there are times at which demand might
outstrip product supply, or when organizations may want to alter the pattern or nature of demand.
Increasingly, this is the case for the electricity sector. Over the past century, humans have
continued to find new ways of using energy that often outstrip improvements in efficiency
(Barrett, Lowe, Oreszczyn and Steadman, 2008) and, at times, even surpass available supply
(Herter, 2007). With the high economic and environmental cost of developing new electricity
generation facilities, utilities are now looking to leverage smart grid capabilities in order to more

effectively manage both the overall level and temporal patterns of demand.

2.2.1.1 Demand, Revenue and Capacity Management

A number of different approaches can be taken to address the challenge of balancing demand and
supply. Three in particular — revenue management, capacity management and demand-side
management — represent related but distinct responses to this problem. Yield or revenue
management (RM) involves monitoring the availability of supply and level of demand and taking
actions to maximize profits (Akcay, Natarajan and Xu, 2010). A predominant tool for RM is
dynamic pricing. Dynamic pricing theoretically allows firms to capture more profit, but as seen in
the experience of online retailers, it may generate negative customer reactions (Hinz, Hann and
Spann, 2011) and comes with additional costs (Feng, 2010). There is an extensive literature
related to RM and dynamic pricing (for a review see EImaghraby and Keskinocak, 2010).
Determining a ‘correct’ or ‘best’ price in a given situation is a complex process and depends on a
number of factors such as inventory levels (Feng, 2010), relative contribution margins of different

customer segments, product perishability, flexibility of capacity, cost of capacity changes,
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potential for advanced sales, fluctuations in demand and availability of historical sales data and
forecasting (Harris and Pinder, 1995). The prime motivation for RM is to maximize firm revenue
and profits (Akcay et al., 2010; Hinz et al., 2011) by reducing lost sales and excess inventory

(Elmaghraby and Keskinocak, 2010).

A related management practice and stream of research is capacity management (CM), which
involves forecasting capacity requirements and making decisions regarding capacity investments.
Because the capacity of the organization directly affects its ability to generate revenue, this is an
essential supply-side consideration. Further, in many industries, such as electricity or
manufacturing, capacity investments are expensive, irreversible, and made in advance of known
demand. Therefore, they come with significant risks to the organization (Boyaci and Ozer, 2010).
A rich body of research on capacity management considers a range of factors, such as product
lifecycles, sales patterns, capacity lead times and others (Boyaci and Ozer, 2010). For example,
when the capacity (product) is perishable and cannot be easily adjusted in the short-term, revenue
management can be effective for increasing firm profits (Boyaci and Ozer, 2010). One drawback
of the capacity management literature, however, is that most models for capacity decision-making
view demand as a given or exogenous (Van Mieghem, 2003), thus not really taking into account

the organization’s ability to influence or shape demand patterns.

Although the literatures on RM and CM can provide important insights with respect to the
balancing of supply and demand, neither deals directly on the ability of organizations to manage
demand. Demand-side management (DM) provides a third approach. For profit-maximizing

firms, DM may be seen as an extension or expansion of RM (Anderson and Carroll, 2007).
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However, as described in more detail below, the motivation for DM does not necessarily relate to
optimizing profits or reducing excess inventories. Consequently, although DM may employ
similar tools to RM, such as dynamic pricing, the objectives and considerations related to how

those tools are used may be different.

2.2.1.2 Demand-side Management Strategies

The objective of demand-side management is to “understand, influence and manage the consumer
demand and achieve agility and responsiveness throughout the whole chain” (Canever, Van Trijp
and Beers, 2008, p. 106). Conceptually, demand-side management is often confused with demand
forecasting or demand planning, but these tasks only represent part of DM (Lapide, 2006).
Demand-side management is not a single activity, but incorporates various short and long-term
strategies and processes (Lapide, 2006) that vary with respect to their impact and responsiveness.
(see Table 3). With passive DM strategies, such as conservation or service level agreements,
efforts are made in advance to reduce or regulate demand without consideration of short-term
fluctuations or contextual factors. Specific DM activities might include measuring and managing
demand across customer segments and distribution channels; accurately measuring net revenue;
estimating demand response influenced both by customer segment and channel characteristics;
and executing price and availability controls across complex distribution networks (Anderson and

Carroll, 2007). These strategies are typically put in place periodically.

At its most advanced level, DM involves dynamically managing overall demand, optimizing use
of distribution channels, leveraging and enhancing existing customer relationships and taking

effective revenue management actions (Anderson and Carroll, 2007). Full optimization of
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resources requires that demand be proactively managed rather than just applying reactive or

passive strategies (Lapide, 2006).

Table 3: Demand Management Strategies

Strategy Time Impact Responsiveness IS Support
Horizon
Demand Shortterm/  Moves demand from one Dynamic Demand and
postponement Medium period to another without supply forecasts
term reducing overall demand
Demand and Short term Alleviates short-term or Dynamic Auction systems,
supply matching local mismatch of supply clearing houses
and demand Transaction
support
Demand Short term Voluntary or involuntary Dynamic Two-way
response reduction in demand for communication
temporary period of time and demand
signaling
Forecastingand  Medium No change in demand; Passive Consolidation and
business term enables supplier to analysis of
planning anticipate and adjust for historical demand
demand or supply patterns, forecast
fluctuations models
Conservation Long term Reduces aggregate Passive Information
consumption provision,
education
Service level Long term Influences level of demand  Passive Monitoring and
agreements and supply by setting a notification of
priori expectations and service levels
recourses Analysis of
performance
levels
Supply Short term Voluntary or involuntary Passive Communication
restrictions restrictions on use (e.g., and education
water, electricity
blackouts)
Temporary reduction of
demand by limiting supply
Consumption Short, Reduce demand by Passive Education and
efficiency medium, substituting more efficient communication
programs long term usage of resources (e.g.,

energy efficient appliances,
drought resistant planting)
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With dynamic demand-side management strategies, efforts are made to deal with changes in
supply and demand in real (or near real) time. To do this, there are two main requirements: first,
the availability of demand signals that trigger a response or action; and second, operational

systems and procedures for handling demand information (Taylor and Fearne, 2009).

2.2.1.3 IT Support for Demand-side Management

The execution of demand-side management depends to a large extent on the collection,
integration and communication of both upstream (supply) and downstream (demand) information
(Adebanjo, 2009; Lapide, 2006). Given the importance of information flows in DM, IS plays an
increasingly important role in these activities. Different DM strategies involve different IS
capabilities, such as information dissemination, auction systems and clearing houses,
transactional support and forecasting analysis. Mathematical modeling, simulation, and
estimations using panel data are becoming increasingly important (Jack and Powers, 2009) and
there are new capabilities for demand sensing, such as identifying characteristics of demand and
demand shaping (influence demand patterns through various marketing and other techniques)
(Bursa, 2008). In addition, the internet and new mobile technologies are beginning to be used to
support demand-side management. In the hospitality industry, for instance, hotels, car rental
companies and airlines can use clearing houses such as Expedia to help manage variations in
demand (Anderson and Carroll, 2007). Similarly, with respect to travel DM, mobile devices and
applications have created new opportunities for implementation of commuter-focused strategies,
such as for carpooling (Buliung, Soltys, Bui, Habel and Lanyon, 2010), and analytical models are
being developed to help manage transportation flows and reservation systems (Zhao, Triantis,

Teodorovic and Edara, 2010).
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Despite the availability of these new IS tools and capabilities for supporting demand-side
management, many organizations have had problems. New technologies are often being
implemented ahead of the organization’s ability to be able to use them (Barrett et al., 2008). As
well, it is possible that different DM strategies may counteract each other if they are not
implemented in a holistic fashion. For example, it has been found that DM initiatives such as
carpooling and flex-time may limit the ability of the other to make significant gains in reducing
traffic congestion because the changes associated with each conflict with the other (Buliung et al.,
2010). Finally, becoming demand-driven organization means recognizing that technology alone is

not enough and requires a combination of people, process and technology (Bursa, 2008).

2.2.2 Demand-side Management Research

Although demand-side management represents an important aspect of supply chain management
(SCM), most SCM research relates to the supply side with relatively little attention given to the
demand-side (Canever et al., 2008). The extant research on DM can be grouped into three main

themes related to DM: the inputs, processes, and outcomes of DM strategies.

Research related to the inputs used in DM focuses on identifying the characteristics of demand
which may influence DM strategies. Taylor and Fearne (2009) identified three recurrent features
of demand in the agri-foods business that impact DM: variability in consumer demand, mis-
alignment of demand and supply activity, and poorly managed daily demand. Another important
consideration in the design of DM strategies is the expected customer response. If organizations
adopt a postponement strategy, it is important for them to anticipate how customers will respond

and choose the level of supply carefully in order to guarantee retention during the postponement
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period (lyer, Deshpande and Wu, 2003). If the supply levels are too low, or the postponement
period too long, for example, organizations may not be able to retain customers and will suffer

revenue losses that exceed the benefits of the postponement strategy (lyer et al., 2003).

Research related to the process of DM suggests that there are a number of operational challenges
to effective DM. These include: the complexity of procedures for handling demand information;
accuracy, availability and consistency of data; proliferation of forecasts; problems sharing
consumer demand data; timeliness of orders; and disconnect between primary production and
final consumption. Additionally, although large suppliers may be able to implement systems
such as electronic point of sale devices to capture data, many still have challenges processing this
data (Taylor and Fearne, 2009). Small business, with fewer resources, may be even worse off and
as a result much of the demand information that is available remains largely unused (Taylor and
Fearne, 2009). As with electricity, traditional approaches to water demand management were
passive in nature: voluntary and mandatory watering restrictions, educational programs, rate
structures, irrigation audits, native plant gardens rather than lawns, and indoor hardware retrofits
(Hoyenga and Reaves, 2006). However, new initiatives such as smart meters allow for more
information to be captured and passed on to consumers (Hoyenga and Reaves, 2006). How this
information is processed and communicated can result in unintended and ripple effects across the

value chain.

In order to deliver a good from manufacture to end consumer, supply chain partners rely on
information from their partners in order to manage and optimize their business operations.

However, when information within the supply chain is distorted, it can lead to significant costs
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such as inefficient scheduling, surplus inventory, inappropriate capacity plans and poor customer
service. A specific example of information distortion in the supply chain is the bullwhip effect,
which refers to the phenomenon where orders to suppliers tend to have larger variances than sales
to the buyer and these variances are amplified and propagated upstream (Lee, Padmanabhan and
Whang, 1997). Lee et al. (1997) suggest there are four rational decision approaches that lead to
the bullwhip effect, two which relate to inventory management (demand signal and batch order)
and two which relate to market dynamics (rationing and price variations). This bullwhip effect

reflects the importance and difficulty of effective information processing within the supply chain.

The final area of DM research relates to outcomes. For the most part, research confirms that there
are numerous benefits associated with DM. These include the reduction in capital outlays
required to meet peak demand and better use of existing resources (Mason et al., 2010). Demand-
side management can also reduce costly stockouts that may negatively impact revenue or
competitive positioning (lyer et al., 2003). In health care, DM has been shown to improve
organizational performance as measured by quality of care outcomes, efficiency and financial
performance (Jack and Powers, 2009). Influencing customer demand is also a cost effective
strategy to address increased scarcity of resources such as water (Brandes, 2005) or energy and
DM strategies can be effective in reducing environmental impacts, such as in the transportation
sector (McCollum and Yang, 2009), water management (Zarghami, 2010), and energy (Mason et

al., 2010).
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2.2.3 Electricity Demand-side Management

Concerns regarding energy shortages are not new. As consumption demands for electricity have
grown, utilities have responded primarily by building new supply capabilities, such as large-scale
generation facilities. Periodically, utilities and governments have also engaged energy
conservation programs intending to educated and encourage consumers to use less. Recently, the
strategy of meeting increased demand through investments in large-scale generation facilities has
become less appealing (Fox-Penner, 2010). The cost of constructing new generation facilities is
very expensive and takes many years, or even decades to complete. It has also become harder to
gain approval for building new facilities (such as nuclear generation plants), where citizens are
resistant to having these plants within their neighbourhoods (Kondoh, 2009). Finally, as
generating facilities must often be built to meet peak rather than average consumption demands,
many of these facilities sit idle for long periods, resulting in a lower utilization rate and inefficient
use of capital. Ultimately, however, the strategy of building additional supply falls into the

category of capacity management and does not address the issue of shaping demand.

The second approach, promoting conservation, is more reflective of demand-side management
practices and has the advantage of being inexpensive relative to building additional supply.
Conservation strategies are aimed at reducing overall consumption of electricity and can be
grouped into three types: awareness and information; energy management, technical and training
services (e.g., energy audits and retrofits); and financial incentives or tax rebates (Curtis and
Khare, 2004). Conservation-based DM strategies tend to be reactionary and static and do not take
into account real-time and dynamic fluctuations in demand. This makes the programs ineffective

for dealing with short-term peaks in consumption. Experience has also shown that reductions
27



achieved from electricity conservation programs continue to be offset by growing demand
(Barrett et al., 2008), leaving utilities in a constant state of catch-up. For instance, thirty years
ago most homes did not have personal computers, while today, many homes in industrial nations
have multiple computers and other electronic devices which are part of the highly connected and

‘always on’ society (Loveday et al., 2008).

Recognizing the limits of building new generation facilities and conservation strategies, and
enabled by new IS capabilities, utilities have begun to invest in more advanced electricity
demand-side management (EDM), such as demand response programs (see Table 4). The
advantages of EDM in the electricity sector are numerous. Besides reducing the height of peak
demand, demand-side management strategies include limited capital investment, reduced demand
on existing infrastructure and better utilization of existing generation capacity (Mason et al.,
2010). Reports in North America suggest that EDM programs such as energy efficiency cost
around $0.03/kWh (Curtis and Khare, 2004), making them financially preferable to building new

electricity capacity (Eto, Kito, Shown and Sonnenblick, 2000).

EDM can also improve environmental performance of the electricity sector (Clastres, 2011). A
study in New Zealand based on three years of archival data found that load shifting had the
greatest impact in terms of reducing the environmental footprint, highlighting the advantages of
demand-side management even in the context of renewable energy sources (Mason et al., 2010).
In 2009, the Federal Energy Regulatory Commission in the U.S. commissioned a report to
investigate the potential of demand response programs in reducing peak demand for electricity.

The results of the study suggest that under a scenario of full consumer participation, a 20%
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decrease in peak demand (as compared to a no demand response scenario) could occur over a ten

year horizon (The Brattle Group, Freeman, Sullivan & Co., and Global Energy Partners, 2009).

More noticeably, under this scenario there would be no increase in summer peak demand levels

from 2009 to 2019. Smaller drops in peak demand, ranging from 4-14%, are also possible

assuming lower participation and a more conservative rollout of demand response programs

across the U.S (The Brattle Group et al., 2009).

Table 4: Electricity Demand Management Strategies

Action Reduce Manage Demand Increase
Demand Supply
(capacity
management;
alternative to
demand
management)
Strategy Conservation Energy Time of Use Load New Generation
Efficiency pricing (TOU) | Management Facilities
Example Education Appliance Differential Demand Building
swap-outs pricing response generator
Benefits Inexpensive Inexpensive Provides Helps to level Secures supply
Reduces the rate | customers with | demand loads capacity for
of growth of pricing signals | dynamically peak periods
demand regarding
timing of
demand
Challenges | Passive Passive Static TOU do | Customer Expensive,
Does not deal Does not deal not allow for resistance long-term.
with peak directly with dynamic load High Inefficient use
demand peak demand management information of resources
periods. periods. requirements

2.2.3.1 Electricity Demand-side Management Strategies

Electricity demand-side management has been used in the U.S. since the 1970s (Auffhammer,

Blumstein and Fowlie, 2008) and typically targets one of two outcomes: energy efficiency or
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peak load reductions (load management) (Curtis and Khare, 2004). Energy efficiency programs
attempt to reduce the energy used by specific appliances or devices, without reducing the service
these devices provide (Energy_Information_Association, 2011). Like conservation, these
programs do not explicitly target the timing of demand, so the energy savings are achieved by
substituting more efficient equipment, such compact florescent light bulbs, high-efficiency
heating and air conditioning, replacing desktop computers with laptops, and swapping out older

appliances such as refrigerators.

Load management refers to programs that may interrupt or alter the electricity services being
provided to the customer (Energy_Information_Association, 2011), usually in an attempt to
reduce peak loads. These programs often take the form of ‘demand response’ where either the
customer or the utility may adjust demand for electricity given real-time demand signals
(Strueker and Dinther, 2012). For instance, if a utility identifies that demand is approaching the
limits of supply, an automated signal can be sent through the AMI which automatically reduces
consumption by smart devices or appliances (e.g., resetting the temperature on an air conditioner,
or temporarily shutting off a hot water heater). Although demand fluctuations are most likely to
be the predominant signal, AMI has the potential to enable other signals for customers, such as

real-time price levels or available sources of electricity (e.g., renewable vs. non-renewable).

Another strategy for influencing electricity demand is time-of-use pricing (Hartway et al., 1999),
although it is not considered a pure EDM strategy. With time-of-use (TOU) pricing, the cost of
electricity may be substantially higher during peak periods and very low during low demand

periods. By using pricing, utilities hope that customers will adjust their consumption to take into
30



account the cost differentials. However, research suggests that there is a limit on how much
residential customers will change their behaviours (Hartway et al., 1999). In addition, when not
combined with a load management strategy, TOU pricing still represents a passive approach to

EDM.

2.2.3.2 Rebound and Offsetting Effects

Although EDM has the potential to reduce the amount of electricity consumed, these strategies
are not without risk. One such risk is the “rebound effect” (Jevons, 1865) which suggests that
economically-justified energy-efficiency improvements would increase, rather than reduce energy
consumption. The rebound effect is created by a number of mechanisms that reduce the total
potential energy savings from improved energy efficiency (Clark and Foster, 2001; Sorrell, 2009)
and can range from 1% to 100% of the savings associated with an energy-efficiency
improvement. Where the rebound effect is greater than 100%, meaning that energy consumption
increases more with the energy efficiency improvement than it otherwise would have been, this is
called a “backfire”(Sorrell, 2009). Indirect rebound effects include embodied energy effects,
respending effects, output effects, energy market effects or composition effects (Sorrell, 2009).

In these situations, the improvements in energy efficiency lower the cost (absolutely or relatively)
of the energy and these savings are subsequently spent to either consume more energy or to

consume other items that require energy.

A number of different conditions affect the magnitude of rebound effects. For instance, in energy
intensive sectors or developing countries, the rebound effect may be quite large in part because of

opportunities for other uses of the ‘saved’ resources. On the other hand, developed countries,
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households or non-core technologies may experience smaller rebound effects (Sorrell, 2009).
Because of these variations, a single approach to managing rebounds from energy efficiency-

based EDM may not be feasible or practical.

In addition to rebound effects, offsetting effects (Peltzman, 1975) present another challenge to
EDM. The offsetting effect deals with tradeoffs that consumers may have to make when faced
with energy-efficiency options. For instance, regulations to improve the fuel efficiency of
vehicles have resulted in a lower average vehicle weight, which is generally detrimental to
vehicle safety. As a result, consumers face a choice of offsetting safety against fuel-efficiency.
Research suggests that although fuel-efficiency regulations increase the vulnerability of drivers in
accidents by 20%, the number of accidents could fall as much as 26% because drivers adjust their
behaviours in recognition of the increased risk associated with smaller vehicles (Yun, 2002).
Thus, improvements in energy-efficiency in one area could lead to tradeoffs or increased
consumption in other areas. With the smart grid enabling wider adoption of electric vehicles, it is
possible that other variations of offsetting may arise, creating significant policy issues for
regulators across both the electricity and transportation sectors and further complicating the

landscape for utilities.

Although EDM shares many similarities with DM in other fields, there are also unique
characteristics in this sector. Unlike other discrete products, electricity is a taken-for-granted
resource consumed in a continuous fashion. As such, demand decisions are influenced by a
different set of criteria and behaviours (Abrahamse and Steg, 2009). Second, electricity is

considered a public good to which everyone should have access. As such, EDM may be affected

32



by both business concerns and legal or regulatory constraints (Buliung et al., 2010). In addition,
utilities must be cognizant of potential rebound or offsetting effects, understand the behaviours of
energy consumers, and be able to make accurate predictions regarding customer responses. Thus,
to be effective, EDM strategies will require that utilities be able to collect, analyze, and act on
more and complex information, necessitating new information processing capabilities. With the

smart grid, it is expected that AMI will provide significant capabilities to support EDM.

2.2.3.3 AMI and Electricity Demand-side Management

Given the emergent nature of the smart grid, research on this topic, particularly in IS, is nascent.
Of the three main components of AMI (the smart meter, HAN and MDMS), smart meters have
received the greatest research attention. A large portion of this early research has focused on the
adoption of smart meters and their impacts on electricity consumption. With AMI, there are three
ways to influence consumption, through the provision of information, monetary incentives, and
direct load controls (e.g., demand response) (Strueker and Dinther, 2012). Of these three
mechanisms, economic factors have a significant influence on smart meter adoption and customer
savings. Early research suggests that consumers view smart meters as utilitarian technologies so
that perceived usefulness and ease of use are important considerations (Kranz and Picot, 2012;
Waunderlich, Veit and Sarker, 2012). Costs associated with smart meter adoption and potential
savings are considered more important (Kranz and Picot, 2012) than other features such as

personalization, mobility, or integration with other home systems (Daim and Iskin, 2010).

The importance of financial incentives for smart meter adoption concurs with other findings

which suggest that customers can recognize savings of almost 50% by monitoring rates and
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effectively managing their consumption depending on the type pricing incentive (e.g., static or
dynamic time-of-use rates) (Scott, 2009). One US pilot study of smart metering and flexible
pricing found that consumption dropped between 22-34% when very high peak-hour pricing was
threatened, and by 9-15% when households were only offered rebates for reduced consumption
(Smith, 2010). To save energy (and money), customers are most likely to raise the temperature of
the air-conditioner, shut off the hot-water heater and clothes dryer, and change when laundry is
done; however, people will generally not alter dishwashing or bathing behaviours (Hartway et

al., 1999).

Research in AMI has also considered it in the context of demand response and smart appliances,
such as air conditioners, clothes dryers and refrigerators that can be temporarily shut down when
extreme demands are placed on the grid. One study found that participants could save up to 10%
on their electricity bills by setting “comfort thresholds” (i.e. temperature ranges) and allowing the
appliances to automatically adjust based on real-time pricing provided by the smart meter (Faden,
2008). When automatic settings can be applied to smart appliances, research suggests that
because the appliances (i.e. refrigerators or heating elements on clothes dryers) are only shut
down for very short intervals during peak demand period, 97% of consumers do not actually
notice any changes (Faden, 2008). Even so, only 15-20% of consumers are willing to sign up for
demand-response programs and 35% say they would never allow utility to control home
thermostats (economist.com, 2010). As with smart meters, the potential cost of installing smart
meters and the potential savings to be recovered weight heavily in consumers’ decisions to adopt

smart thermostats (Daim and Iskin, 2010).
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Although there is evidence that customers change their behaviours in response to time-of-use
pricing enabled through smart meters (Hartway et al., 1999), to stop at this point would be like
telling only half of the story. In relation to the smart grid, there is little research that considers the
implications of the smart grid from the utilities’ perspective. Of the research that does exist, a
large majority of the work to date is in the engineering domain (Strueker and Dinther, 2012),
addressing technical aspects that are required to modernize the grid. From an IS perspective, it
has been suggested that artificial intelligence (Ramchurn, Vytelingum, Rogers and Jennings,
2012), analytics (Gomes, 2011), and internet technologies (Keshav and Rosenberg, 2011) could

add significant value to the smart grid, but this work remains primarily conceptual at this point.

2.2.4 Limitations of Extant Research

This section has presented an overview of the literature in demand-side management, electricity
DM and findings of the early research on AMI in the smart grid. Although research to date
provides numerous insights, there are several notable limitations. First, although IS scholars have
developed an interest and expertise in SCM, there has been less attention given to the role of
information systems in demand-side management. Second, the research in relation to DM is more
empirical than theoretical. In other words, the research does not draw extensively on theoretical
perspectives to explain underlying mechanisms, processes and outcomes of DM. Third, there is
very little IS research into electricity demand-side management and advanced metering
infrastructure. Of the work that has been undertaken, most has approached the topic from a
technical perspective, or from the perspective of consumers. Although consumer response
represents a measure of success for EDM programs, utilities are responsible for the design and

implementation of these programs and must deal with the social and technological changes
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associated with the smart grid within their organizations. Collectively, these limitations suggest
that more theoretically-driven IS research attention is needed in respect of electricity demand-side

management.

Given the complexity of the smart grid and lack of extant research in this domain, there is a
number of different theoretical perspectives that could be applied, such as technology adoption,
diffusion of innovation, organizational learning, institutional theory, and transaction cost
economics. However, during preliminary investigations leading to the formulation of this thesis,
it became apparent that information is perceived to be a main driver of the ‘smartness’ of the new
grid and how utilities collect and use new and diverse sources of information will have a
significant influence on their success and that of the industry. This perception aligns with
concepts associated with organizational information processing theory. Thus, this theoretical

perspective was chosen to provide an initial theoretical foundation for the research.

2.3 Organizational Information Processing Theory

In attempting to explain variations in organizational designs, Galbraith (1973) proposed that
organizations can be viewed as information processing systems where decisions are influenced by
the ability of decision-makers to process information. Based on the view that organizations seek
stability in their internal and external operations (Bode, Wagner, Petersen and Ellram, 2011;
Oliver, 1991), organizational information processing theory (OIPT) suggests that as information
processing needs change, different organizational structures emerge to support these
requirements. Information processing refers to the accumulation, analysis, and synthesis of

information in the context of organizational decision-making (Galbraith, 1977; Tushman and
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Nadler, 1978). Effective information processing occurs when there is the collection of appropriate
information, the movement of information in a timely fashion, and transmission of information
without distortion (Tushman and Nadler, 1978). However, in many situations, gaps exist between
the information required to complete a task and the information possessing capacities of the

organization, causing task uncertainty (Galbraith, 1973; 1977).

The information required to perform a task depends on a number of factors, such as the nature of
the task, task environment, inter-unit task interdependence, and the desired level of performance
(Galbraith, 1977; Tushman and Nadler, 1978). On the other hand, the capacities of the
organization are a function of prior experience (Galbraith, 1977), organizational structures, and
coordination and control mechanisms (Tushman and Nadler, 1978). Expanding on the concept of
task uncertainty, Daft and Lengel (1986) suggest that organizations also process information to
reduce equivocality. Equivocality, meaning ambiguity or the existence of multiple and conflicting
interpretations about an organizational situation, adds to task uncertainty and increases the
information processing requirements of the organization (Daft and Lengel, 1986). As illustrated
in Figure 3 task effectiveness is a function of the match between information processing
requirements and the information processing capacities (Daft and Lengel, 1986; Galbraith, 1977;

Tushman and Nadler, 1978).
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Information
processing
requirements facing
organizations

”Fit”

Information
processing
capacities of
structure

Effectiveness is a function of
matching information
processing capacities with
information processing
requirements

Tushman and Nadler 1978, p. 622

Figure 3: Information Processing Model

Since the initial conceptualization of OIPT, research has sought to identify sources of uncertainty
arising from information processing requirements. This work has extended the original theory by
identifying additional sources of task and environmental complexities and interdependencies
(Table 5). As one example, Bozarth, Warsing, Flynn, and Flynn (2009) propose that
manufacturing supply chains include both detail and dynamic complexity. Detail complexity is a
reflection of the distinct number of components that make up the system, whereas dynamic
complexity refers to unpredictability of response to given set of inputs driven by the
interconnectedness of the system. Results of the study indicate that levels of upstream, internal
and downstream complexity will have negative impacts on plant performance and that dynamic

complexity has a greater impact than detail complexity (Bozarth et al., 2009).
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Table 5: Sources of Information Processing Requirements

Context

Business process
outsourcing
relationships

Sources of Information Processing
Requirements
Task non-routineness and unanalyzability

References

(Mani, Barua and

Whinston, 2010)

Data integration
projects

Interdependence among subunits, complex
or non-routine subunit tasks, unstable
subunit task environment

(Goodhue, Wybo and
Kirsch, 1992)

Manufacturing

Manufacturing diversity, goal diversity,
process diversity, customer diversity,
supplier diversity and labour diversity

(Flynn and Flynn, 1999)

Manufacturing

Environmental dynamism, environmental
complexity

(Lee and Grover, 1999)

Organizations

Equivocality

(Daft and Lengel, 1986)

Organizations

Task technology nonroutineness and
unanalyzability

(Keller, 1994)

Product
development

Product architecture (number and integration
of components), product complexity
(number of components and technical
complication of components), and technical
uncertainty (lack of knowledge regarding
technological solutions)

(Hong, Pearson and
Carr, 2009a)

Subunit tasks

Sub-unit task characteristics, subunit task
environment, interunit task interdependence

(Tushman and Nadler,
1978)

Supply chain

Supply chain complexity, influenced by
number of customers, heterogeneity of
customer needs, demand variability, number
of products, manufacturing schedule
instability, number of suppliers, reliability of
supplier lead times

(Bozarth et al., 2009)

Supply chain

Environmental uncertainty (dynamism,
complexity, capacity), partnership
uncertainty (mutual trust, manufacturer’s
asset specifity, supplier’s asset specifity),
task uncertainty (analyzability, variety,
interdependency)

(Croteau, Leger and
Cassivi, 2008)
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Table 5: Sources of Information Processing Requirements (continued)

Context Sources of Information Processing References
Requirements

Supply chain Process complexity, clock speed, supply (Melville and Ramirez,
chain complexity 2008)

Supply chain — Environmental uncertainty (product (Bensaou and

interorganizational
relationships

complexity, product customization, market
growth), partnership uncertainty (mutual
trust, firm and supplier specificity) and task
uncertainty (analyzability, variety,
interdependence)

Venkatraman, 1995)

Supply chain —
interorganizational
relationships

Environmental uncertainty (product
description complexity, technology
uncertainty, demand uncertainty, supply
uncertainty, product criticality), relationship
uncertainty (firm investment, supplier
investment, trust)

(Premkumar,
Ramamurthy and
Saunders, 2005)

Supply chain - Purchase novelty, product complexity, (Trautmann,

purchasing purchase importance, demand volatility, Turkulainen, Hartmann
supply market characteristics and Bals, 2009)

Virtual High specialization, spatial separation, time | (Jensen, Hakonsson,

organizations

differences, cultural separation, functional
differentiation, inter-organizational
differentiation and temporal differentiation

Burton and Obel, 2010)

Recognizing the impact that task uncertainty has on performance, the information processing

view adopts a normative approach, suggesting that there are five design strategies that

organizations can take in response to uncertainty. Three of these, environmental management,

creation of slack resources, and creation of self-contained tasks, have the effect of reducing the

need for information processing. The other two strategies, investment in vertical information

systems and creation of lateral relations, work to increase the capacity of the organization to

process information (Galbraith, 1977). If organizations do not purposefully adopt one of these

five strategies, OIPT argues that the natural outcome will be reduced performance (Galbraith,

1977).
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Not surprisingly, IS scholars have paid particular attention to information systems and
technologies, which are playing an increasingly important role in information processing by
organizations (Fairbank, Labianca, Steensma and Metters, 2006). Although Galbraith (1977)
proposes information systems for vertical integration, the rapid advancement in IS means that the
building of lateral relations also relies heavily on investments in IT (Fan, Stallaert and Whinston,
2003). Thus, IS contribute to increasing the information processing capacities of organizations

through both mechanisms proposed in OIPT.

2.3.1 Research Findings Related to OIPT
Research to date has provided support for the main tenants of OIPT (e.g., Fairbank et al., 2006;

Hult, Hurley, Giunipero and Nichols, 2000; Mani et al., 2010) and elements of the theory have

been extended in various ways.

2.3.1.1 Elements of Information Processing

One major stream of research has attempted to differentiate between different elements of
information processing. In the information processing view of organizations, organizational work
primarily involves the gathering, interpreting and acting on information (Daft and Weick, 1984).
Thus, information processing itself is not a single task, but made up of component activities:
information generation, information dissemination, developing shared meaning and
organizational responsiveness (Bhatt, Emdad, Roberts and Grover, 2010; Hult et al., 2000; Hult,
Ketchen and Slater, 2004) that may have different antecedents and effects on organizational
performance. For example, IT infrastructure flexibility has been shown to enhance information
generation, information dissemination and organizational responsiveness; when information

needs change, organizations with flexible IT infrastructures can reconfigure and adapt to new
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information processing needs (Bhatt et al., 2010). In terms of outcomes, information processing
has been associated with improved performance (Hult et al., 2000); however, the influence may
vary. A study of strategic supply chains demonstrated that while information acquisition and
developing shared meaning have some influence on reduced cycled times, information

dissemination did not (Hult et al., 2004).

2.3.1.2 Information Processing and Organizational Structures

A second stream of research focuses on the relationship between information processing and
organizational structures. As suggested by OIPT, IS, such as advanced communications
technologies, may be used to improve information processing capacities by providing both
vertical or lateral integration structures (Lee and Grover, 1999). However, these effects may be
contingent (Fairbank et al., 2006). Bensaou and Venkatraman (1995) suggest that there are
multiple ways of balancing information processing needs and capacities and that reducing the
sources of uncertainty may be as effective as increasing capabilities through IS applications. It
has been found, for example, that both functional and divisional structures support effective top-
management decision-making, depending on the sequence by which information is processed
(i.e., information processing workflows), rather than merely the amount of information processed
(Legerer, Pfeiffer, Schneider and Wagner, 2009). Similarly, it is possible to design a
decentralized IS that is aligned with centralized objectives of the overall system (Fan et al., 2003).
In virtual organizations, it has been found that, contrary to initial expectations, centralized
structures have better performance than decentralized structures, primarily because of increasing
levels of expertise and decreasing coherence that are associated with high virtuality (Jensen et al.,

2010). Thus, it is essential to consider not only what information is conveyed, but also how it is

42



conveyed through the organization (Legerer et al., 2009). In product development situations,
different coordination strategies, such as centralized-decentralized locus of control, may also be
contingent upon the differing information processing requirements associated with factors such as
product architecture, product complexity, and technical uncertainty (Hong, Pearson and Carr,
2009b). Similarly, an examination of integration mechanisms within a global supply chain found
that product category characteristics, supply environments and interdependence of purchasing
units are three contingencies that affect integration in the global sourcing organization

(Trautmann et al., 2009).

2.3.1.3 IS and Information Processing

A third stream of research has used the information processing view to understand the impact of
new information systems and technologies. For organizations, the adoption of new IS may entail
both advantages and disadvantages (Goodhue et al., 1992). On one hand, investments in IS may
enable organizations to develop greater information processing capacities. On the other hand, IS
themselves are complex and place additional demands on organizations. These competing
influences are evident in the literature. A study in the manufacturing environment found no
support for the hypothesis that IT investments would weaken the effects of task complexity on
performance (Flynn and Flynn, 1999). It has also been suggested that data integration efforts
often fail in organizations because the benefits resulting from the ability to share information are
more than offset by the costs of reduced flexibility by different subunits (Goodhue et al., 1992).
However, in another case study of the wood products and beverage manufacturing industries, a
positive association between information processing requirements and the adoption of internet-

based technology was found (Melville and Ramirez, 2008). An organization’s use of IS, such as
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databases, explicative and predictive models, and fact-based management to drive decisions and
actions can affect organizational capabilities in supply chain organizations and companies that
use IS to support analytical capabilities are more likely to perform better (Trkman, McCormack,
de Oliveira and Ladeira, 2010). The existence of these two effects of IS (added complexity and
capabilities) suggest that organizations must be attentive to where and how they invest in IS to

support business functions or organizational processes.

A related implication of this research is that organization’s information performance is impacted
by more than the technical aspects of IS. Even if there is a good fit between the task requirements
and technological capabilities, it might not be sufficient to assure performance if the
technological capabilities are not appropriated by the organization effectively (Dennis, Wixom
and Vandenberg, 2001). When new IT investments are made, organizations must adapt them to
the particular context (Cooper and Wolfe, 2005). This process itself involves uncertainty and
equivocality that must also be reduced (Cooper and Wolfe, 2005). If not, adaptation effectiveness
may be reduced and the introduction of the IS may itself add to the complexity of the

organizational task.

2.3.2 Limitations of Extant Research

Over the past four decades, a rich literature has developed around OIPT, addressing many
important areas. However, although numerous studies have considered the information processing
requirements at a particular point in time, few studies have tested the theory longitudinally. This
represents a limitation of the theory because research suggests that developing or acquiring

organizational capacities, particularly related to IS, takes time. An investigation of enterprise
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resource planning (ERP) systems, for instance, has shown that elapsed time has a significant
effect on task efficiency (Gattiker and Goodhue, 2005). A few studies have attempted to examine
the effects of time on information processing. Fairbank et al. (2006) examines organizational
responses when information processing requirements change. In the context of the U.S. life and
health industry, they found that using IT to seek greater efficiency was positively related to risk
management performance (Fairbank et al., 2006). In another longitudinal study, Croteau et al.
(2008) examines four organizations in the European automobile industry, and found that different
information processing needs exist at different stages of the business relationship and product

lifecycles.

A second limitation of research in OIPT is the lack of studies that explore the situation of excess
capacities. Within the information processing perspective, there is an underlying assumption that
the accumulation of information processing capacities (such as IS) is categorically good, an
assumption that seems to be borne out in practice. When faced with difficult business challenges,
organizations repeatedly turn to information and information systems to help improve efficiency
or gain competitive advantage (Hicks, 2007; Prakken, 2004). It is possible, however, for
organizations to have more capacities than are needed with respect to a particular task. Thus,

research that investigates this question could provide new insights.

2.4 Summary

In order to provide context for this thesis, this chapter began by providing an overview of the
smart grid. This discussion highlighted the complexity of the smart grid and the significant

amount of change it will bring to the well-established practices of the electricity sector. In
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particular, smart grid technologies, such as advanced metering infrastructure (AMI), open up new
opportunities for utilities to update a range of demand-side activities, including the enhancement
of demand-side management. This thesis addresses several limitations of the existing literature by
investigating the impacts of the smart grid from the perspective of utilities, rather than consumers.
In addition, drawing on OIPT, it also brings a more robust theoretical lens to understanding
demand-side management. In the next chapter, these three elements — the smart grid, electricity
demand-side management, and organizational information processing — will be further integrated

to form an initial guiding conceptual framework for the subsequent studies.
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Chapter 3

Theoretical Development

As outlined in the previous chapter, the smart grid represents a major change across the entire
electricity sector from generation through consumption. Distinct from other demand-side research
that has examined the smart grid from a consumer perspective, this thesis adopts an
organizational level of analysis, focusing its attention on understanding the implications of the
smart grid for electricity service providers (“utilities”). As a starting point for this investigation,
utilities’ demand-side management is conceptualized as an information processing activity,
requiring the appropriate collection, analysis and dissemination of information. From here, the
thesis draws on the demand-side management literature and organizational information
processing theory (OIPT) to develop an initial conceptual framework that will be used to guide
the first two studies. Although utilities may vary in their specific demand-side management
strategies for residential and business customers, this conceptual framework does not differentiate
between different customer types, and thus provides a theoretical model applicable to utilities’

electricity demand-side management (EDM) activities in the aggregate.

The development of the model proceeds through four main parts. First, the main outcomes of the
framework are defined. Then, in the following two sections, propositions regarding information
processing requirements and information processing capacities, respectively, are developed.
Following this, the discussion turns to the concept of fit between information processing

requirements and capacities, and then to potential moderator effects. To complete the model, the
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final section considers the net effects of EDM performance and incremental electricity demands

associated with information processing capacities on overall electricity demand.

3.1 Outcomes of Interest

In this conceptual framework, there are two main outcomes of interest: electricity demand-side

management performance and net change in electricity demand.

3.1.1 Electricity Demand-side Management Performance

Demand-side management involves activities undertaken by an organization to influence the
patterns and levels of demand. In the electricity sector, there are two primary objectives of EDM:
overall reductions in consumption and peak-load reductions. Overall reductions in consumption
are typically achieved through initiatives targeted at conservation and energy efficiency. A
utilities” performance in these types of programs can be measured by the energy savings that
result when customers change their behaviours or participate in energy efficiency programs. For
instance, if a utility offers customers lower energy CFL light bulbs, electricity savings would be
calculated based on the electricity consumption differential between the incandescent light bulbs
and the CFL light bulbs, multiplied by the number of light bulbs actually replaced® over a given
period (e.g., year). Therefore, the higher the electricity savings (e.g., megawatthours) associated

with a conservation or energy efficiency EDM program, the better the utilities” performance.

In contrast, the emphasis of peak load management programs is to reduce a peak or critical

demand level. The initiatives are more short-term as they attempt to reduce demand at a particular

! This is a simplified example for illustration. In most jurisdictions, formal rules for calculating savings
have been established that take into account a number of factors including free-riders and drop-outs.
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point in time in order to avoid electricity shortages and blackouts. For instance, where demand-
response programs are in place, a utility may be able to automatically shut off consumers’ air
conditioning units for short intervals thereby reducing the demand for electricity at a peak period.
Thus, a utility’s performance in load management EDM initiatives can be measured as the

reduction in peak load (e.g., megawatts) that it achieved in response to these initiatives.

In practice, utilities may have different requirements or targets with respect to EDM performance.
In Ontario, for instance, utilities are mandated to achieve both consumption and peak load
reductions as part of their licensing. In other jurisdictions, such as the U.S. Pacific Northwest,
utilities are required to implement all cost effective EDM strategies or face significant financial
penalties. Accordingly, in addition to demand reductions, economic considerations are also
important to assessing performance. Cost effectiveness of EDM programs is determined by
comparing the cost of the EDM program with alternative sources of electricity. For instance, if
the alternative to EDM is the construction of new generation facilities, then this sets a benchmark
against which to evaluate EDM programs. In sum, then, utilities” EDM performance can be
viewed as the organization’s ability to cost-effectively achieve the greatest amount of energy

savings or peak load reductions.

3.1.2 Net Effect Change in Electricity Demand

For utilities, the focus of EDM strategies is changing customers’ consumption of electricity.
However, utilities themselves are also consumers of electricity and their operational practices
may have significant implications for the total electricity consumed. In line with recent research

in ‘green IS’, that is the study of how IS can support environmental sustainability (Jenkin,
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Webster and McShane, 2011), it is important to also consider the entire lifecycle of IS initiatives
(Watson, Corbett, Boudreau and Webster, 2012). In other words, while IS may help to reduce
environmental impacts through improved operational practices (such as EDM), the impact of IS
to support these improvements must also be taken into account. Because EDM performance only
takes into account the ability of the utilities to influence their customers’ levels of consumption
and demand, the model proposes an additional outcome of interest - net change in electricity
demand. This outcome is the sum of changes in consumers’ electricity demand (and
consumption) resulting from EDM strategies plus the change in utilities’ own demand for
electricity to support these strategies. The larger the net reduction in electricity demand, the

greater the utilities’ overall performance.

The relationship between these outcomes and organizational information processing will be
revisited towards the end the chapter. In order to arrive at that discussion, the model development
begins by considering information processing requirements associated with electricity demand-

side management.

3.2 Information Processing Requirements

Building on the work of Mani et al. (2010), information processing requirements for EDM are
defined as the amount of information that must be collected, processed and disseminated within
and beyond organizational boundaries to achieve the task objectives. In the OIPT literature, five
main areas have been identified as affecting the information processing requirements of an
organizational task: specific task characteristics, task environment, task or subunit

interdependence, ambiguity, and desired level of performance. A fifth, desired level of
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performance, identified by Galbraith in the initial conceptualizations of OIPT, has been largely
overlooked in the subsequent research. Given the essential nature of electricity, however, rising
performance expectations with respect to the availability of power is an added challenge for

utilities. Thus, it is also included in the model.

In the smart grid, main sources of complexity of EDM arise from handling large volumes of
demand information, measuring demand across customer segments, estimating customer response
to demand-side management strategies, implementing dynamic price and availability controls,
problems sharing consumer demand data, disconnects between primary production and final
consumption, and the need synchronize upstream and downstream activities. As shown in Table
6, the complexities associated with EDM in the smart grid environment are numerous and varied,
resulting in increased information processing requirements. In the interest of creating a

parsimonious model, each category is represented in the model by the main factor contributing to

EDM complexity.

3.2.1 Task Complexity: Volume of Information

Demand-side management involves understanding, influencing and managing demand as well as
matching demand and supply over time. It depends upon a great volume of information in order
to be implemented effectively (Lapide, 2006; Taylor and Fearne, 2009). In the traditional power
grid, utilities did not have access to large volumes of information because consumption data were
collected in aggregate form on a periodic (e.g., monthly or bimonthly) basis, thus utilities were

constrained in their demand-side management activities.
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Table 6: Categories of Complexities in EDM

Category Examples of complexities Examples of Complexities in
identified in OIPT research EDM

Task Task nonroutineness, task Increased volume of data:

Complexity unanalyzability, task collection and analysis
complexity, task variety, relevant to EDM, large number
product complexity, technical of customers, demand
uncertainty, supply chain volatility, complexity of
complexity, number of managing electrical grid (e.g.,
customers, heterogeneity of load balancing) because of
customer needs, demand limited storage capabilities

variability, number of products /
suppliers, reliability of supplier
lead times, demand volatility

Task Unstable task environment, Multiple demand management
Environment environmental dynamism, strategies, regulatory and
environmental complexity, organizational EDM

environmental capacity, demand | objectives, implementing rate
uncertainty, supply uncertainty | and availability controls

Interdependence | Interdependence among Coordination between supply
subunits, partnership / and demand side activities as a
relationship uncertainty, mutual | result of increased distributed
trust, firm and supplier and renewable energy
specificity generation

Level of Purchase importance, product High costs associated with

Performance criticality power outages and shortages,

customer expectations for
availability of necessary
resource

Ambiguity Equivocality Estimating customer response
to demand management
strategies

However, the smart grid opens up possibilities for a number of alternative EDM strategies (see
Table 4) that dynamically respond to changes in demand on a real-time basis, such as demand
response. Demand response programs require consumption information at a level of granularity
far finer than that required for monthly billing (Wicker and Thomas, 2011). In the smart grid,

advanced metering infrastructure (AMI) will allow the capture of near real-time usage

52



information. For a utility with a million customers and collecting 15-minute interval data, this
will result in over thirty-five billion meter readings annually (Moore, 2008), an exponential
increase from current levels. As a result of the increase in data volume, there will be new
information processing requirements in terms of how data are organized, analyzed and
disseminated both within the organization and to consumers. Thus, it is proposed that:

P1: Greater volumes of usage data will increase the information processing

requirements of electricity demand-side management.

3.2.2 Task Environment: Multiple Demand Management Strategies

Although utilities have been engaged in demand-side management for over four decades, the
environment in which they are conducting these activities is becoming increasingly complex. In
addition to traditional education-type, conservation EDM strategies, utilities are beginning to
engage in more dynamic demand response initiatives to address peak load challenges (Strueker
and Dinther, 2012). In addition to a larger portfolio of EDM strategies, utilities may also start to
offer different types of EDM programs simultaneously to the same group of customers. This
cross-over of programs represents a substantial change from the past where utilities typically
implemented different EDM programs for specific (non-overlapping) groups of customers. As a

result, little is known about the effects of dual-purpose programs (The Brattle Group et al., 2009).

The task environment is further complicated by multiple motivations for engaging in EDM; for
instance as a business concern and a legal or regulatory constraint due to the public-good nature
of electricity and environmental sustainability (Buliung et al., 2010). These different motivations

may create competing pressures with respect to utilities’ EDM strategies. In addition, in some
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jurisdictions, regulatory bodies or other interested stakeholders may sponsor conservation or
energy efficiency programs in which utilities must play a part. Although these programs may be
well intentioned, research suggests that in the absence of a comprehensive strategy, programs that
have the same general objective (e.g., reduced consumption) may actually compete with each
other. For instance in the case of reducing traffic congestion, initiatives such as carpooling and
flex-time may limit the ability of the other strategy to make significant gains (Buliung et al.,
2010). Therefore, the task of EDM becomes more complex as more programs and strategies are
added. It is thus proposed that:

p2: Higher numbers of different EDM strategies will increase the information

processing requirements for electricity demand-side management.

3.2.3 Task Interdependence: Coordination between Demand-side and Supply-side

Effective demand management involves the dynamic matching of demand with the available
supply in a responsive and agile manner (Anderson and Carroll, 2007). To optimize
organizational performance, proactive strategies and a tighter coupling between supply-side and
demand-side management may be required (Lapide, 2006). Although there are predictable
patterns of electricity use, forecasting actual demand within short intervals with the precision
necessary for keeping the grid in balance is a complex process that necessitates sophisticated

models (Hyndman and Fan, 2009).

Two new capabilities of the smart grid on the supply-side — facilitation of distributed generation
and the inclusion of renewable energy sources — raise uncertainty with respect to supply and may

create additional complexity for demand-side management. In the traditional power grid, the
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supply of electricity was provided primarily by large generators which fed electricity one-way
down the distribution and transmission lines to meet end-customer demands. Although the power
engineering necessary to maintain safe wattage and voltage balancing is not trivial, the supply of
electricity from large generators is relatively predicable given the nature of the power generation
from coal, nuclear or hydro-electric resources. As the smart grid enables smaller local generation
facilities to feed into the grid, additional volatility is being introduced on the supply side. This is
because renewable energy sources, such as wind or solar, are more variable depending on weather
conditions. In this regard, weather conditions can now affect both the demand and supply sides of
the value chain. For instance, in areas where air conditioning is prevalent, expected and actual
temperatures have a significant effect on peak demand. If such a location also has a high
penetration of solar energy generation, hot temperatures accompanied by sunny weather could
simultaneously increase demand and available supply of electricity. If on the other hand, high
heat is accompanied by overcast conditions, distributed solar power may not be sufficient to meet
the peak demand. This example demonstrates the need for utilities to consider the impacts of
various conditions on both demand and supply and to increase the level of coordination between
the two functions. In turn, coordination creates additional information processing requirements
for EDM. Therefore, it is proposed that:

P3: Higher levels of coordination required between demand-side and supply-side

management will increase the information processing requirements for electricity

demand-side management.
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3.2.4 Performance Expectations: Reduced Tolerance of Power Outages

Since the introduction of electricity to homes and businesses, our society has become dependent
on this vital resource (Loveday et al., 2008). Power outages due to short supply or natural
disasters are not only inconvenient, but also have ramifications for business performance.
However, in many areas, the grid has become outdated and less reliable (Fox-Penner, 2010). In
the U.S. Midwest, power outages average 214 minutes per year, as compared to Japan which
averages only four minutes annually (Amin, 2011). It has been estimated that blackouts, brown
outs and other power outages cost the United States $80 million annually (Achenbach, 2010). In
addition, electricity, like other services such as health care, is vital to human security and well-
being: there may be serious negative consequences associated with restricting or denying service
(Jack and Powers, 2009). Therefore, unlike other products where there may be an economic
rationale for product or service outages (lyer et al., 2003), for electricity there is little room for

utilities to reduce their performance.

A major objective of the smart grid is energy security, which means providing a reliable and
affordable supply of electricity. With the smart grid, new technologies that can detect problems
and provide self-healing on the grid hold promise for addressing this concern. However, just as
increases in computer processing have led to increased expectations, increased performance in the
supply of electricity is likely to have the reciprocal effect of further raising performance
expectations. For instance, with the explosion of the internet and rapid improvements in IT, there
have been continuously increasing pressures to ensure high availability of data centers such that
customers now expect an almost unattainable level of “five nines” or 99.999% for site availability

(Turner, Seader and Brill, 2005). According to OIPT, when performance expectations are high,
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greater information processing, such as evaluating alternative scenarios, is needed in order to
arrive at more precise decisions and outcomes (Galbraith, 1977). Therefore, it is proposed that:
P4: Customers’ reduced tolerance for power outages will increase the information

processing requirements for electricity demand-side management.

3.2.5 Ambiguity: Customer Response to Demand Management Strategies

A big question for organizations when developing demand-side management programs is how
customers will respond (lyer et al., 2003). For many customers, price can have a significant
influence on consumption decisions and their decision to participate in demand-side management
programs (Kranz and Picot, 2012; Wunderlich et al., 2012). With the introduction of the smart
grid, one approach being used to influence consumption is the implementation of time-of-use
(TOU) pricing (Maruejols and Young, 2011; Statistics Canada, 2002). Pilot studies in a number
of locations suggest that customers will change their behaviours and reduce consumption in
response to smart meters and time-of-use electricity pricing (Hartway et al., 1999; Scott, 2009;
Smith, 2010). However, it has also been suggested that, because electricity is such a small
portion of overall household spending, even the rate differentials for peak and non-peak periods
in TOU pricing may be inadequate to affect any meaningful change in behaviours (Maruejols and
Young, 2011). For example, in 2002 Canadian household spending on all utilities (water, fuel
and electricity) averaged $175 per month and accounted for 18.75% of annual shelter costs, but
only 3.5% of total annual household spending (Statistics Canada, 2002). In addition, other studies
have found that consumer behaviours with respect to electricity are not always consistent with

economics-based predictions and that households are generally unresponsive to changes in energy
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prices (Maruejols and Young, 2011). Therefore, there remains a significant amount of ambiguity

with respect to how consumers will respond to price-driven EDM programs.

In addition to price signals, there are other factors that may influence demand for electricity and
create further ambiguity for utilities. For instance, it has been found that psychological factors,
such as perceived behavioural control, may be more important when it comes to changing
behaviours necessary to achieve energy savings (Abrahamse and Steg, 2009) and this may
influence customers adoption of or resistance to automated demand response initiatives offered

by utilities (Kranz and Picot, 2012) and their ability to achieve peak load management objectives.

Another factor that creates ambiguity in customer responses is the influence of altruistic concerns
on the decision to reduce energy usage. If prices do not provide sufficient motivation for
behavioural change, then other considerations such as the benefit to society of avoiding blackouts
due to shortages, or reduced environmental impacts, may become more salient for some
customers (Kranz and Picot, 2012). For instance, a survey in the United States found that most
people believe energy is the most important environmental concern; however, only 17% view the
environment as the top concern, as compared with 79% for the economy (Cohn&Wolfe,

Esty Environmental_Partners, Landor_Associates and Penn_Schoen_Berland, 2010). Overall,
research suggests that a high degree of complexity in the motivations for green consumerism and
customers must take into account multiple different and sometimes conflicting objectives
(Moisander, 2007). Because customer reactions to demand management programs are critical to
EDM performance, ambiguity of customer motivations and responses elevates the information

processing requirements for utilities. Therefore, it follows that:
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P5: Uncertainty regarding customer responses will increase the information

processing requirements for electricity demand-side management.

3.3 Information Processing Capacities

Having discussed the information processing requirements for EDM in the smart grid
environment, the discussion now turns to the issue of information processing capacities. Although
information processing capacities can be created in a number of ways, consistent with other 1S
research (e.g., Premkumar et al., 2005), this framework focuses specifically on the level of IS
support for EDM. Drawing together research that has identified different aspects of information
processing (e.g., Bhatt et al., 2010; Hult et al., 2000; Hult et al., 2004; Trkman et al., 2010) and
the main IS elements of advanced metering infrastructure (AMI), the model incorporates three
types of 1S-enabled information processing capacities: data collection, storage and analysis, and

communications.

3.3.1 IS Support for Data Collection

Information acquisition or building (referred to as information generation) refers to the gathering
and collection of information appropriate for the task or decision-making context (Hult et al.,
2004). This information may come from a variety of sources, such as people (customers,
suppliers, employees) or other systems. In order to make effective decisions, organizations

require accurate, relevant and timely information.
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As discussed, AMI will dramatically change the amount of data that utilities are able to capture.
In particular, smart meters capable of near real-time logging of usage” will enable utilities to
collect billions of data points regarding electricity demand and consumption under different
conditions, customer segments, and time of use (Moore, 2008). It is proposed that investments in
smart grid technologies that support the collection of data (e.g., smart meters) will address many
information processing requirements utilities” have in regard to EDM. First, the meters provide
access to large volumes of data necessary for EDM. Also, the availability of new, more granular
data more frequently from customers can allow utilities to develop a range of new and innovative
demand-side programs for customers (Valocchi, Schurr, Juliano and Nelson, 2007). For instance,
a national assessment of the potential for demand response in the United States found that low
AMI penetration was the most significant barrier to achieving peak load reductions (The Brattle
Group et al., 2009). This is because dynamic EDM strategies such as demand response have more
intensive needs for information generation than do more passive energy efficiency. In addition,
the additional information could be used to enable utilities to better identify distinct customer
segments and track responses to programs, thus allowing them to design and implement more
effective programs. Thus, the sixth proposition is:

P6: Investments in IS support for data collection will increase organizational

information processing capacities related to electricity demand-side management.

2 Although smart meters enable near-real-time logging of usage, they do not require it. Utilities are able to
set the interval for which data are collected. In the U.S. 15-minute intervals are common, whereas in
Ontario, the standard has been set at 1-hour intervals. This can greatly affect the volume and usefulness of
data collected.
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3.3.2 IS Support for Analysis

A second aspect of information processing, business analytics, is the “application of advanced
analytic techniques to data to answer questions or solve problems” (Trkman et al., 2010, p. 319).
Business analytics does not relate to a specific technology, but may include a number of tools and
organizational procedures to analyze information or make predictions (Trkman et al., 2010).
From an information processing perspective, business analytics provides a link between the
acquisition of information and the decisions undertaken by the organization. Research has found
that the use of business analytics has a strong positive relationship with supply chain performance
and that the use of databases, explicative and predictive models and fact-based management are

important for driving management decisions and actions (Trkman et al., 2010) .

Within the AMI, capacities of the meter data management system (MDMS) provide for the
storage and analysis of data collected through smart meters. At the first level, MDMS can
provide data validation, editing and estimation capabilities to ensure the completeness and
usefulness of the data collected from smart meters (Moore, 2008). However, beyond that,
additional analytical capacities are required. As described in Chapter 2, demand-side management
is a complex process that involves a number of different analytical techniques including demand
forecasting, identifying patterns and customer segments, estimating potential responses and
assessing impacts (Anderson and Carroll, 2007). Electricity forecasting, for instance, uses
sophisticated algorithms and analytical models in conjunction with historical data related to a
range of factors such as weather patterns, economic conditions, prices and customer behaviours
(Hyndman and Fan, 2009). In the future, sophisticated demand modeling and predictions in the

absence of actual demand data (e.g., based on forecasted demand) are expected to become more
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important (Jack and Powers, 2009) as utilities engage in near real-time EDM strategies. For
example, with peak load management strategies, demand responses to different strategies can
vary based on other factors and conditions, such as load density and rebound effects (Chassin and
Fuller, 2011). These variations can in turn lead to significant and prolonged deviations from
normal aggregate behaviour, thus making load management even more unpredictable (Chassin
and Fuller, 2011) and increasing the need for analytic capacities. Accordingly, consistent with
previous research which has found that IS support for business analytics contributes to
organizational information processing capacities (Trkman et al., 2010), it is proposed that:

P7: Investments in IS support for analysis will increase organizational information

processing capacities related to electricity demand-side management.

3.3.3 IS Support for Communications

A third aspect of information processing is information dissemination, the transmission of
information in a timely fashion and without distortion (Tushman and Nadler, 1978). Research
suggests that communications can augment the information processing capacities of an
organization by promoting the development of shared meaning among different stakeholders

(Hult et al., 2004) and enhancing organizational responsiveness (Bhatt et al., 2010).

Through the communication and integration capabilities of AMI, utilities will gain additional
information processing capacities with respect to EDM. As proposed above, the increase in
distributed renewable generation will necessitate greater coordination between supply-side and
demand-side activities and increase the information processing requirements associated with

demand-side management. To address this requirement, utilities will benefit from investments in
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AMI, such as MDMS, that provide seamless integration and transference of data across internal
systems (Moore, 2008) and partners within the electricity sector. This automated, 1S-based
information dissemination within the utility may also increase the ability of the organization to
respond more quickly to potential service disruptions (e.g., when a smart meter loses power) and

changing demand or supply conditions.

On the customer side, communications between the utility and its customers can also augment
information processing capacities for EDM. In particular, two-way communications of AMI and
smart meters allow utilities to implement automated or voluntary demand response programs and
to better assess customers reactions. EDM strategies are only effective if they result in the desired
changes to customers behaviours. Capabilities of the AMI, particularly smart meters and HANS,
will enable customers to become more educated energy managers (McDaniel and McLaughlin,
2009; McDonald, 2008). However, engaging customers in this way requires effective two-way
communication between the utility and its customers. Therefore, it is proposed that:

P8: Investments in IS support for communications will increase organizational

information processing capacities with respect to electricity demand-side

management.

3.4 Fit: Information Processing Requirements and Capacities

According to OIPT, an organization’s performance is a function of the fit between information
processing requirements and information processing capabilities (Galbraith, 1977; Tushman and
Nadler, 1978). Support for this hypothesis has been found in supply chain research which has

found that there is a positive association between information processing fit and organizational
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performance (Mani et al., 2010; Premkumar et al., 2005). In the literature, the concept of fit has
been extended and augmented in various ways. For instance, Venkatraman (1989) defines six
configurations of fit -- as moderation, mediation, profile deviation, matching, covariation and
gestalts — which are theoretically distinguished by the level of specificity of the relationships and
the association with a particular criterion, such as performance. Other research has reframed the
concept of fit as alignment, which can be viewed as both a state occurring at a point in time (e.g.,
Henderson and Venkatraman, 1999), or as a process that evolves over time (e.g., Sabherwal,
Hirschheim and Goles, 2001). Despite these different perspectives, the research overall suggests
that when organizations align their IT resources with business requirements they are more likely

to outperform organizations that do not achieve some measure of fit (Chan and Reich, 2007).

When there is a range of IS and IT resources available, organizations benefit from selecting and
implementing a portfolio of capabilities that are suited to the information procecssing
requirements. In the case of EDM, for instance, this suggests that utilities which use more
dynamic EDM strategies would experience a greater fit when their information processing
capacities include higher levels of IT support for data acquisiton, storage and data analysis, and
communication. Alternatively, if utilities over-invest in IT capabilities when not needed for the
EDM strategy, then performance may suffer as a result of resource over-supply (Mani et al.,
2010; Prakken, 2004). Therefore, it is expected that the fit between the information processing
requirements for EDM and the capacities that utilities develop through investments in IS will

have a positive influence on EDM performance, and it proposed that:
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PO: Greater fit between information processing requirements and information
capacities will be associated with higher electricity demand-side management

performance.

3.5 Moderator Effects

Although research has provided support for the relationship between information processing fit
and organizational performance, other factors may influence this relationship. The proposed

conceptual model considers two: appropriation support for customers and time.

3.5.1 Appropriation Support for Customers

From a demand-side perspective, customer support is an important organizational activity
(Lambert and Cooper, 2000) and the amount of support that a utility provides to its customers can
influence the success of EDM programs. However, the smart grid creates the need for a new type
of customer support relating to customers’ appropriation of the technologies. Despite the potential
of the smart grid to address major concerns such as environmental sustainability and energy
security, the concept has not been universally accepted. High profile court cases (Danahy, 2009),
concerns regarding privacy (Cavoukian, Polonetsky and Wolf, 2010), and campaigns against the
deployment of smart meters (e.g., Stopsmartmeters.org, 2012) have created resistance to their
adoption. In addition, the new meters and dynamic EDM programs in which utilities may
automatically control customers’ appliances dictate that customers need to be educated and
supported in their adoption and use of smart grid technologies if EDM programs are to succeed

(The Brattle Group et al., 2009).
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Appropriation refers to the “continuous, progressive, and mutual adjustments, accommodations,
and improvisations between the technology and the users” (Orlikowski, 1996, p. 69). When faced
with new IS, users decide how to use (appropriate) it in the context of their work or decision-
making. Research has found that although task-technology fit is a necessary condition for
improved decision-making performance, it is not sufficient (Dennis et al., 2001). Rather, the level
of appropriation support provided to users moderates this relationship, with higher levels of
support leading to higher levels of performance (Dennis et al., 2001). In the case of disruptive
technologies, users may respond in different ways depending on the perceived threat or
opportunity of the technology and their level of control (Beaudry and Pinsonneault, 2005). For
instance, when users perceive that the technology provides an opportunity and that they have high
control, they are more likely to adopt a benefits maximizing approach. In contrast, where the
technology is seen as a threat and there is low control, users are likely to engage in self-
preservation strategies (Beaudry and Pinsonneault, 2005). These responses can be conditioned to
some extent by the interventions of key actors who through their actions help to create new
meanings, procedures and provide other support to help users adapt and appropriate the

technology (Rondon, Sese and Christiaanse, 2011).

In terms of EDM, utilities rely on customers to change their behaviours and respond favourably to
the smart meter technology and EDM strategies in order to achieve objectives related to energy
efficiency or load management. Therefore, it is important that customers appropriate the
technology in the way intended by utilities. Utilities can shape positive perceptions and
productive use of the smart grid through the level of appropriation support that they provide to

their customers. Thus, it is proposed that:
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P10:  The level of appropriation support for EDM strategies that utilities provide to
customers will moderate (strengthen) the relationship between fit and electricity

demand-side management performance.

3.5.2 Effects of Time

In the model proposed thus far, fit is considered a static condition that, when in place, leads to
improved performance. However, research in other areas of IS, particularly strategic alignment,
has proposed a more dynamic view of fit, one that sees levels of fit varying over time. Sabherwal
et al. (2001) suggest a punctuated equilibrium model of alignment in which long periods of
stability (with either high or low alignment) are interrupted by short periods of revolutionary
change in the dimensions and profile of fit. Others have suggested that given the changing nature
of IS and organizations, attainment of fit is more aspirational, that is, difficult to achieve and
maintain over long periods of time (Boddy and Paton, 2005). Thus, it seems that time may be an

important consideration with respect to EDM effectiveness.

According to OIPT, when faced with task uncertainty, that is, a lack of fit between information
processing requirements and capacities, organizations will either attempt to reduce information
requirements or to develop the necessary information processing capacities. These capacities
might include implementing vertical information systems or building lateral relations. However,
it is unlikely that both the acquisition and impact of such capacities are immediate. Adaptive
structuration theory (AST) argues that when new systems are introduced to a group, members go
through a process of deciding how to use it within their context (DeSanctis and Poole, 1994).

The provision of appropriation support such as training, facilitation, and system restrictiveness
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can improve task effectiveness (Dennis et al., 2001). Other research suggests that the IT-
organizational performance relationship will only be evident after a time lag that is sufficiently
long to allow for organizational learning and adjustments that accompany the change (Fairbank et
al., 2006) and elapsed time has been found to be a significant antecedent of ERP task efficiency
(Gattiker and Goodhue, 2005). Thus, it is proposed that:

P11:  Time will moderate (strengthen) the relationship between fit and electricity

demand-side management performance.

3.6 Net Effects of EDM on Total Electricity Demand

In recent years, the environmental impacts of information systems and technology have become a
topic of interest in the IS community (e.g., Elliot, 2011; Melville, 2010; Watson et al., 2010a). It
is estimated that information and communications technologies account for approximately 2% of
global carbon emissions and are continuing to grow (The Climate Group, 2008). The
contribution of IS to greenhouse gas emissions is the result of increasing use of electricity to
support the hardware and infrastructure to collect, store, analyze and transmit information. As a
result, more attention is being given to making IT more energy efficient through hardware design
(Lenox, King and Ehrenfeld, 2000), as well as software design (Capra and Merlo, 2009). Data
centers, because of their rapidly growing consumption of electricity (Daim, Justice, Krampits and
Letts, 2009; Kurp, 2008), are also becoming a target for more environmentally responsible
practices. There is also a developing stream of research devoted to how information systems can
be used to support more environmentally-friendly practices in organizations (Green IS) through
the provision and use of information (Jenkin et al., 2011; Watson et al., 2010a). The smart grid

could be considered an application of green IS (Dedrick, 2010; Watson et al., 2010a) as it enables
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more environmentally sensitive practices, such as distributed renewable generation, and dynamic

demand management.

The challenge of IT and IS to both cause and reduce negative environmental impacts has been
recognized in the IS community (Fuchs, 2008). It is consistent with what has been termed the
‘environmental paradox’. The environmental paradox arises when an industry desires to both
exploit and protect natural resources (Williams and Ponsford, 2009), creating increased tension in
management decision-making. In terms of assessing the value of a particular IS strategy, it is
important to consider the implications of the environmental paradox and to measure the full

lifecycle effects of the application of new IS (Corbett, 2010; Watson et al., 2012).

Electricity demand-side management presents a real-life situation of the environmental paradox
as it relates to IS, with two countervailing forces at play. First, by taking advantage of many of
the smart grid’s capacities, utilities will be able implement new EDM strategies in order to
improve performance and ultimately reduce electricity consumption and peak demand. On the
other hand, the use of IT to support data collection, storage, analysis and communications will
result in additional demands for hardware, software and other IT infrastructure resulting in
increased utility demand for electricity. For instance, in the case of a utility that collects 35 billion
meter readings annually, this data will need to be stored for several years and potentially at
different aggregation points (e.g., at the meter, at a transformer, in centralized IS). Additional
processing resources will be needed to conduct the analyses particularly during peak periods in
the case of dynamic EDM. Finally, customers may have access to data through web portals or in-

home displays. Although it is still too early to know the full magnitude of the additional
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electricity demands of the smart grid, it is expected that these will not completely overtake the
gains afforded by effective EDM strategies. Thus, it is proposed that:
P12:  The electricity demands of utilities’ IS investments to support data collection,
analysis, and communication will partially offset the electricity savings resulting
from EDM programs.

The twelve propositions are summarized in Figure 4 below.

Task Complexity: Increased pg| IS support for data
volume of data collection ]
Task Environment: Multiple Igformat.lon Informat.|0n IS support for
EDM strategies rocessing Processing ) -
Requirements Capacities for analysis
Task Interdependence: ; for EDM EDM
Need for coordination IS support for
between demand-side and communication
supply-side

Performance expectations: FIT

Reduced tolerance of
power outages

Appropriation support for
customers

Ambiguity: Uncertainty of

customer response 4—| Elapsed time

v P11

EDM Performance

Net change in P12
electricity demand

Figure 4: Proposed Conceptual Model
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3.7 Summary

Drawing on organizational information processing theory and the demand-side management
literature, an initial conceptual model has been developed to explain the relationship between 1S-
enabled smart grid technologies and utilities’ electricity demand-side management performance.
Overall, the model suggests that utilities’ performance will be maximized when their investments
in IS support for communications, analysis, and communications create a set of information
processing capacities that fit with the information processing requirements of EDM. Further, the
model suggests that utilities’ appropriation support for their customers and the passage of time
will further strengthen the fit-performance relationship. Finally, taking a holistic perspective of
EDM in terms of total electricity consumption, the model suggests that the electricity demands of
the smart grid information processing capacities will partially offset reductions in electricity
demand achieved through EDM programs. By setting out twelve propositions, this model

provides a theoretical framework to guide the subsequent empirical studies of this thesis.
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Chapter 4

Study 1: Archival Data Study

Although only one part of advanced metering infrastructure (AMI), smart meters have become
the most visible manifestation of the smart grid. In 2008, smart meters accounted for less than 4%
of the global installed base of electrical meters; in 2012, they account for 18% and by 2020 the
penetration of smart meters is expected to reach 55% (Pike Research, 2012). The rate at which
smart meters are being deployed strongly suggests that utilities (or those responsible for
overseeing the electricity sector) believe that significant benefits can be gained through this
technology. Therefore, prior to conducting a full review of the proposed conceptual model (as
outlined in the previous chapter), this first study investigates whether, at an aggregated level,
there is any significant relationship between smart meters and utilities’ demand-side management
performance. Specifically, this study seeks to address two questions: 1) what is the relationship
between 1S-enabled information processing capacities and utilities’ electricity demand-side

management performance, and 2) how does this relationship change over time?

The model presented in Chapter 3 provides a guiding framework for the development of three
hypotheses to be tested in this study. These hypotheses do not cover the full scope of the model,
but rather focus on elements associated with Propositions 6 through 8 in relation to how IT
supports the development of information processing capacities, Proposition 9 which relates
information processing fit to electricity demand-side (EDM) performance, and Proposition 11
which suggests a moderating effect of elapsed time. The study also draws on and integrates the

literature related to lean information management with organizational information processing
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theory (OIPT) in order to develop a competing hypothesis about the potential negative effects of
IS-enabled information processing capacities. In total, three hypotheses are developed and tested

using hierarchical regressions on archival data from U.S. utilities for the years 2007 to 2010.

This chapter is organized as follows. The next section provided the theoretical background and
development of the three hypotheses of this study. Then, the research methodology is outlined
and the results are presented. The chapter concludes with a discussion of the findings in the

context of the overall conceptual framework and identifies areas for further investigation in the

subsequent research studies.

4.1 Hypotheses Development

As described in the two previous chapters, OIPT suggests that task performance is a function of
the fit between the information processing requirements and the available capacities. Given the
changes in the electricity sector as a result of the smart grid, it is theorized that the information
processing requirements associated electricity EDM are increasing (Chapter 3, propositions 1
through 5), thus raising the complexity of EDM. As a result, utilities must to develop new

information processing capacities in order to maintain and enhance their EDM performance.

4.1.1 Hypothesis 1: Positive Effects of Information Processing Capacities

Although multiple options exist for enhancing information processing capacities, consistent with
other IS research (e.g., Premkumar et al., 2005), this paper focuses on the level of IS support
related information collection, business analysis, and communications. At the first level,
information collection, organizations require accurate, relevant and timely information in order to

make effective decisions. UPS’s deployment of telematics, for instance, demonstrates how the
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collection, analysis and use of information can lead to a wide range of improvements in
organizational performance (Watson et al., 2010a; Watson, Boudreau and Li, 2010b). A second
aspect of I1S-enabled information processing capacities is business analytics, which is the
“application of advanced analytic techniques to data to answer questions or solve problems”
(Trkman et al., 2010, p. 319). In this regard, IS research has found that computer-assisted
decision-support can lead to higher quality decisions (Huber, 1990). Additionally, the use of
databases, explicative and predictive models, and fact-based management to drive decisions can
augment organizational capabilities in supply chain organizations and contribute to better
performance (Trkman et al., 2010). The third dimension of [S-enabled information processing
capacities is communication: the transmission of information in a timely fashion and without
distortion (Tushman and Nadler, 1978). Communication can occur both within and across
organizations in order to support joint decision-making. Across the supply chain, for example,
regular communication of essential information helps to create shared meanings with the effect of

improving performance (Hult et al., 2004; Krause, Handfield and Tyler, 2007).

With respect to electricity demand-side management, the smart grid provides utilities with
additional information processing capacities necessary to support the unique challenges of EDM.
These capacities are enabled through two components of advanced metering infrastructure
(AMI): smart meters and meter data management systems (MDMS). The smart meter is a
computerized replacement to the electro-mechanical meter and contains a processor, storage, and
communication capabilities. With AMI, the collection of large volumes of consumption data will
become possible. Smart meters that enable near real-time logging of usage will enable utilities to

capture billions of data points regarding electricity demand under different conditions, customer
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segments, and time of use (Moore, 2008). With this additional information, utilities will be able
to design and implement a range of innovative programs targeted at different customer segments
(Strueker and Dinther, 2012; Valocchi et al., 2007). Rather than using a one-size fits-all
approach, better collection of data will allow utilities to design a more segmented and effective

portfolio of EDM programs.

Along with the collection of data, business analytics is an essential requirement for EDM
effectiveness. This requirement can be supported through the MDMS, which is a utility-side data
repository that can also provide advanced verification, estimation and editing capabilities needed
to ensure the completeness and usefulness of the data (Moore, 2008). The MDMS provides the
backbone for various business processes within the utilities, including billing, outage
management, and demand-side management. Electricity demand forecasting relies extensively on
historical data related to a range of factors such as weather patterns, economic conditions, prices
and customer behaviours (Hyndman and Fan, 2009). Utilities with AMI including MDMS will be
able to more effectively capture and analyze this information to support the design of demand-

side management programs.

The last information processing requirement associated with EDM is communication. Enhanced,
two-way communications capabilities is one of the most significant differentiators of the smart
grid (Farhangi, 2010; Valocchi et al., 2007). With the deployment of smart meters, utilities
develop a robust communication channel for sending and receiving information from their
customers. Instead of just pulling consumption information from customers, utilities are able to

send different price or supply signals to their customers as part of demand response programs, or
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provide consumption reports to their customers on demand (Strueker and Dinther, 2012). In
addition, through the MDMS and its integration with other corporate information systems, the
internal flow of information is enhanced. Thus, utilities have the additional capacities necessary
to deal with demand-side and supply-side coordination which is an important requirement of

EDM.

In sum, utilities face high information processing requirements associated with EDM. In order to
maintain and enhance their performance, OIPT suggests that new information processing
capacities are needed to meet these requirements. As utilities invest in AMI, they acquire new IS-
enabled information processing capacities related to information collection, analysis and
communication. Therefore, the first hypothesis is stated as follows:
H1: In organizations, higher levels of 1S-enabled information processing capacities
from the smart grid are positively related to electricity demand-side management

performance.

4.1.2 Hypothesis 2: Negative Effects of Information Processing Waste

Despite sound theoretical reasoning suggesting that 1S-enabled information processing capacities
afforded by the smart grid will improve utilities’ EDM effectiveness, there is another potential
outcome that must be considered. What if utilities’ EDM effectiveness were to decline in

conjunction with increases in smart grid investments? How could this situation be explained?

To begin theorizing about this relationship, it is instructive to return to OIPT. As discussed above,

there are three main concepts that provide the frame for OIPT: information processing
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requirements, information processing capacities and fit. In this framework, it is possible that a
misfit between information processing requirements and capacities could occur if the capacities
exceeded the requirements of the task. This would result in task uncertainty and put negative
pressure on organizational performance (Prakken, 2004). However, the explanation may not be
this simple. Rather, OIPT suggests that if there is a lack of fit between the information processing
requirements and the organization’s capacities with respect to a task, its performance will suffer
unless it takes one of two actions: reduce the requirements or increase capacities (Galbraith,
1973; 1977). Although not explicitly stated, there is an underlying assumption within OIPT that
the accumulation of information processing capacities within the organization is categorically
good, an assumption that seems to be reflected in practice. When faced with difficult business
challenges, organizations repeatedly turn to information and information systems to help improve
efficiency or gain competitive advantage (Hicks, 2007; Prakken, 2004). There is a wealth of IS
literature regarding the development, adoption and use of information systems, and much less
related to the divestment of unneeded information systems. To justify this underlying assumption,
it could be argued that excess capacities are simply put to the side, becoming irrelevant to the task
and having no negative effects on an organization’s performance. With research in OIPT lacking
on this topic, it is difficult to assess which argument is most applicable in the case of EDM; thus,

it is necessary to look to other theoretical perspectives to extend OIPT.

One stream of work that specifically considers the effects of excess information and information
processing on organizational performance is lean information management. Lean thinking is a
general management philosophy that focuses on eliminating waste and unnecessary processes in

order to optimize customer value (Womack and Jones, 1996; Womack, Jones and Roos, 1990). It
77



has been extensively applied in the manufacturing sector and more recently adapted in the context
of information management (e.g., Francis, 1998; Hicks, 2007) and IT services (e.g., Kundu,
Manohar and Bairi, 2011). What is most relevant to this study is the concept of waste, a central
focus within the lean management perspective. In order to improve performance, organizations
must reduce and eliminate waste that leads to inefficiencies and diminishes the value provided to
customers. Drawing on the lean perspective, information waste refers to additional actions or
inaction that result because information is not timely, accurate, adequate and appropriate in
amount relative to the context in which it is to be used (Hicks, 2007). Although information
waste is generally less visible as compared to physical production processes, a number of
different causes and categories of information waste have been suggested (see Hicks, 2007;
Kundu et al., 2011). Along similar lines, research in information economics has suggested that
unused information can represent an organizational liability because no value is derived from it
and organizations incur costs associated with collection, storage and maintenance (Moody and

Walsh, 1999). In this way, unused information can be viewed as a form of resource waste .

Returning to the context of this study, it is proposed that the deployment of smart grid
technologies may give rise to a type of information waste described as flow excess waste (Hicks,
2007). Flow excess waste occurs when an excessive amount of information is collected and
stored, or when there are excessive information flows within an organization (Hicks, 2007). The
excessive collection of data in recent years has been enabled by reduced costs and increased
physical capacities for storing information (e.g., Moore’s Law) and the fact that intangible costs
of information (e.g., those other than the cost of IT) are not generally included on organizations’

financial statements (Moody and Walsh, 1999). Inefficiencies occur as a result of flow excess
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waste because employees must spend more time, effort and organizational resources to sift
through volumes of data to find relevant information for decision-making (Edmunds and Morris,
2000; Hicks, 2007). When utilities deploy smart meters they gain the capacity to collect billions
of new data points. The question is whether this new information is appropriate in amount for the

task at hand.

Although utilities need information to manage their EDM strategies, the smart grid can result in
information waste. As discussed in Chapter 2, utilities engage in two main types of EDM
strategies: energy efficiency programs and load management programs. EDM programs that
target energy efficiency have been used by utilities for many years in both the traditional and
emerging smart grid. Energy efficiency programs, offered to a wide segment of the customer-
base, seek to reduce electricity consumption over a longer period of time, regardless of short-term
demand and supply fluctuations. The intention of these programs is not to restrict consumption
directly, but to reduce consumption indirectly through the devices that are used. The most
common energy efficiency programs relate to appliance swap-outs where older and less efficient
equipment and devices are replaced with more efficient ones, providing the same or similar end
service (e.g., refrigerators, light-bulbs). To design, implement and evaluate traditional energy
efficiency programs, utilities require periodic (e.g., annual or monthly) information on their
customers’ consumption levels. Although more detailed information could be helpful in devising
targeted strategies, the collection of large volumes of intra-day (e.g., 15-minutes or hourly)
interval demand data could, alternatively, create a situation of flow excess waste (Hicks, 2007),

leading to inefficiencies related to information storage, identification and organization.
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For more dynamic load management EDM programs, new IS-enabled capacities might be more
fitting; however, research suggests that benefits of new IS are not always easily achieved. IS
themselves are complex and place additional demands on organizations. For instance, data
integration efforts often fail in organizations because the benefits resulting from the ability to
share information are more than offset by the costs of reduced flexibility by different subunits
(Goodhue et al., 1992). The effects of IS are also contingent on a range of organizational and task
characteristics, such as the strategic posture of the company (Fairbank et al., 2006) and business
and process lifecycles (Croteau et al., 2008). In the retail sector, many organizations have
invested in point-of-sale devices that enable the collection of volumes of data with respect to
customer purchases and demand patterns. However, many of these companies have challenges
dealing with the data, largely due to a lack of resources, with the result that much of that data
remains largely unused (Taylor and Fearne, 2009). Even when new IS are implemented to support
business processes, many organizations lack the skills or expertise to use this information. A final
issue is that of organizational inertia (Jansen, 2004). Many existing utilities have institutionalized
practices and structures that temper both their interests and abilities to fully leverage smart grid
capacities (Corbett, 2012). As a result, various components of the smart grid, such as the
collection of interval consumption data by smart meters, may be implemented with little
understanding or consideration of the organizational impacts and related capacities needed to

harness the data effectively.

In summary, although the smart grid provides new IS-enabled information processing capacities

to utilities, it is argued that these capacities may have the effect of reducing organizational
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performance with respect to EDM. This is because of inefficiencies resulting from flow excess
information waste. Therefore, the second, competing, hypothesis follows:
H2: In organizations, higher 1S-enabled information processing capacities from the
smart grid are negatively related to electricity demand-side management

performance.

4.1.3 Hypothesis 3: Effects of Time
The third hypothesis of this study is based on Proposition 11 (Chapter 3) which proposes that

time will moderate (strengthen) the relationship between information processing fit and EDM
performance. This proposition was derived based on the logic that organizations will adjust to
increasing information processing requirements through a number of mechanisms, including the
development of other information processing capacities such as organizational knowledge.
Therefore, organizational performance should improve over time as organizations learn from
experience and gain the necessary knowledge and other internal capacities to deal with the
requirements. Consistent with this argument and in light of the two competing hypotheses
developed above, it is expected that over time, the positive impacts of 1S-enabled information
processing capacities will increase and that the negative effects of information processing waste
will diminish. Therefore, the third hypothesis follows:

H3: In organizations, the relationship between 1S-enabled information processing

capacities and electricity demand-side management performance will become

more positive over time.
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4.2 Research Methodology

Although the smart grid is a global phenomenon, with initiatives being implemented in many
countries (e.g., Clastres, 2011; Fox-Penner, 2010; Mason et al., 2010; Stromback, Dromacque and
Yassin, 2011), this study tests the hypotheses in the context of the U.S. electrical utility sector.
There are several reasons for this choice. First, by using United States utilities, the study is able to
achieve a large and varied sample, while at the same time controlling for national-level
conditions. The U.S. federal government has made a substantial commitment to the smart grid
(McDaniel and McLaughlin, 2009) which provides a similar macro environment for utilities
within the country. Within the U.S., there are over 3200 utilities that report under the EIA Form-
861, the “Annual Electric Power Industry Report” (the “Report”). These utilities vary on a
number of characteristics, including size, type of ownership (e.g., cooperatives, public-municipal,
private), activities (e.g., generation, transmission, resellers), and geographical regions (e.g.,
states). A second benefit associated with using the U.S. electrical industry for this study is the
variation among firms in terms of progress in implementing the smart grid. As with most
technologies, the smart grid has some early adopters, late adopters, followers and laggards. This
variation is important to be able to identify how information processing requirements and
capabilities change over time and with experience. Finally, at a more practical level, there is a
readily-available and consistent data set, currently available for 2007-2010. The U.S. Energy
Information Administration (EIA), an agency within the U.S Department of Energy, provides

independent statistics and analysis on the U.S. energy sector (www.eia.gov/about) through

monthly and annual electric power surveys which can be accessed freely and used for analysis.
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4.2.1 Description of Data

The first step in the analyses was to extract from the 2007-2010 Reports the information required
for testing the study’s hypotheses. As described below, the most recent year, 2010, was used for
preliminary analyses and cross-sectional analysis, prior to moving on to longitudinal analyses for
the four-year period. From the total of 3269 utilities included in the 2010 Report, 675 reported
having company-administered demand-side management (DM) programs with at least one
consumer in 2010. For each of these utilities, approximately 120 different data fields were
extracted, consolidated or reformatted into the data analysis file. Data related to research
variables such as utility size, location, customer segments, DM programs, and net metering were
extracted. Although the hypotheses may be applicable to all customer types (residential,
commercial, industrial, transportation), the decision was made to proceed initially with residential
because the research on smart meters has largely focused on household or residential responses
(e.g., Herter et al., 2007) which are expected to be more variable than business responses.
Commercial and industrial consumers, particularly those with large electricity demands, are
expected to react more predictably to changes in prices as compared to residential consumers who
are motivated to conserve electricity or change behaviours for other reasons. A further
consideration was the sufficiency of the sample for the various customer segments (see Appendix
A). Although most utilities serve residential and commercial customers, the number of utilities, as
well as the number of customers per utility, is much lower for the industrial and transportation
sectors, which limits the statistical power and generalizability of the results. Using the residential

sub-segment, the final sample size for the analysis is 660° utilities.

® This number is for 2010; in longitudinal analyses the number of cases varies due to changes in the number
of utilities included in EIA-Form 861 report.
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4.2.2 Measures

Dependent Variables. As outlined in the hypotheses, the dependent variable of interest is EDM
performance. The Report provides ten measures related to EDM performance: four for energy
efficiency effects and six for and load management effects. These measures are somewhat
overlapping in terms of what is included (e.g., new vs. existing programs and customers) and the
time horizon (e.g., incremental vs. annual effects; potential vs. actual effects — see Appendix A).
Based on the different definitions of the measures as well as results of an exploratory factor
analysis®, it was determined that the measures related to the actual annual effects were most
applicable. Therefore, for the dependent variable of energy efficiency the single measure for
‘Annual Energy Efficiency Energy Effects’ (specified in terms of megawatt hours) was used. For
the load management dependent variable, the measure of ‘Annual Load Management Actual Peak

Reduction’ (measured in terms of megawatts) was chosen.

Independent Variables. This study includes three independent variables that serve as proxies
for differing levels of 1S-enabled information processing capacities (Table 7). The first variable
is the number of automated meter reading (AMR) devices serving consumers. AMR are
electronic meters installed by the utility to enable automated readings of electricity data with a
one-way communication from the consumer to the utility. In other words, AMR devices provide
support for information collection only. The second independent variable is the number of smart
meters serving consumers. Smart meters represent a more advanced metering technology

enabling support for interval (periodic) data collection and two-way communication between the

* During the initial analysis, we conducted EFA on the ten measures, resulting in the identification four
factors. However, the reliability of these measures was determined to be too low to use for the main
analyses, suggesting that single measures would be more appropriate.
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utility and its customers. The third independent variable is the number of net metering consumers.

Net metering allows customers who generate electricity primarily for their own use to sell any

excess (unused) power back to the grid in order to offset consumption. Net metering is a

prevalent policy approach for supporting distributed generation of renewable power but differs

from Feed-in Tariff programs employed in other countries (e.g., Germany and Canada) where

consumption and generation are treated in a more independent fashion (such as with different

tariffs, contractual arrangements, not netted) (Hall, 2010). Net metering involves a special meter

configuration that allows for the calculation of both inflows and outflows of electricity. Currently,

all three types of metering are used in the U.S. along with more traditional electro-mechanical

meters. Thus, some utilities have AMR capabilities only, some have combinations of two or more

of the three metering types, and some have none of these meters.

Table 7: Information Processing Capacities of Meter Technologies

Traditional Grid

Smart Grid Information Processing Capacities

None Low Medium High
Traditional Electro- | Automated Meter Smart Meters (AMI) | Net Meters
mechanical meters Reading Devices

(AMR)
Manually read and One-way Two-way Two-way
consumption data communication; communication; communication;
input into billing automated retrieval of | ability to ability to measure net

system.

consumption data on
periodic basis.

automatically collect
interval consumption
data and send demand
signals to customer;
may include MDMS
in back-end; enables
information provision
to customer and
connection to HAN.

consumption or
generation of
electricity; ability to
send demand and
price signals; may
include MDMS in
back-end; enables
information provision
to customer and
connection to HAN.
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Control Variables. In order to be able to assess the impact of metering technology on EDM
performance, it is necessary to control for a number of other factors, in particular: utility size,
ownership type, and location. With respect to size, the preliminary analysis indicated high
correlations between total revenue, total energy sales, and number of consumers (all correlations
greater than .938), suggesting that these measures all relate to the same dimension of utility size.
The number of consumers was chosen as the measure for size because it is more understandable
than energy measures (such as megawatt hours) and is consistent with the scale of the

independent variables which relate to number of meters and consumers.

Ownership type is a second control variable. Utilities in the U.S. may be formed as local
cooperatives, municipal utilities, or investor-owned (for profit) organizations. Different
arguments exist for why EDM performance might vary between these different types of utilities.
On one hand, investor-owned organizations may have more financial resources to implement
AMI in order to improve operational efficiencies and shareholder returns. On the other hand, due
to their more altruistic nature, cooperative and government utilities might be more focused on the
collective benefits of EDM, resulting in more effective programs. The Report provides ten
different ownership categories for utilities, which were aggregated into three main categories:
government (including municipal, state and federal entities), cooperatives, and investor-owned,
with government comprising almost half of the sample (see Appendix A). A series of ANOVAS
were performed and revealed that there was no significant difference between government and
cooperative groups, but that investor-owned utilities were significantly different from the other
two categories. Therefore, the government and cooperative categories were collapsed and a

dichotomous control variable was created for investor-owned (=1) and non-investor-owned (=0).
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A final ANOVA showed a significant effect of ownership type on energy efficiency F (1, 658) =

46.85, p<.05 and load management F (1, 658) = 29.48, p<.05.

The third control variable is location. Different geographical regions have different opportunities
and constraints with respect to the capacity to generate electricity and to influence demand
patterns. Additionally, there are different regulatory environments across states, with some being
more aggressive in the rollout of smart grid and demand management strategies. For the past five
years, the American Council for an Energy-Efficiency Economy (ACEEE) has conducted a
ranking of states. Using the 2011 State rankings (Sciortino, 2011), a dichotomous variable was
created for location, where utilities within the states ranked as being in the top ten in terms of
energy efficiency (top 20%) were coded as 1 and utilities in all other states coded as 0 (see
Appendix B). In terms of number of utilities, 141 were in the top 10 states and 519 were in the
other 40 states. Results of the comparison of the means indicated a significant difference in the
effect on energy efficiency F (1, 658) = 11.185, p=.001, but the difference between groups was

not significant for load management F (1, 658) = .722, p>.05.

4.3 Results

4.3.1 Preliminary Analyses

Prior to conducting the main analyses, the 2010 data were screened using the processes
recommended by Tabachnik and Fidell (2007). The first stage of the data analysis involves
exploring the data to understand their characteristics. The following describes the preliminary

analyses for the eight variables of interest.
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Missing data. Given the regulatory nature of the data filings, the risk of non-response bias or
missing data is low as compared to traditional voluntary survey approaches. All utilities in the
sample reported key information in terms of number of customers, revenue and sales. For other
measures (e.g., number of smart meters) certain records contained blanks, which were interpreted
to mean a value of zero (this interpretation was confirmed with EIA representatives responsible

for preparing the data).

Distribution of Data. Frequency statistics and histograms showed positive skew and kurtosis
across all variables (Appendix C). Logarithmic transformations were conducted (Tabachnick and
Fidell, 2007) to see if they would result in more normal distributions. After completing the log
transformations, the data distributions were re-examined. The logarithmic transformation resulted
in a more normal distribution for the utility size control variable, but not for the other variables.
Because the data accurately reflect the population (there is a large number of smaller utilities
within the U.S. electrical industry) and the benefits of transformation to the analyses are marginal
when all variables have a similar distribution (Tabachnick and Fidell, 2007), it was decided to
continue the analysis with untransformed variables. This approach also provides for easier

interpretation of the results.

Univariate and Multivariate Outliers. In multivariate analyses, the identification of statistical
outliers in data sets and then deciding what to do with them is a complex issue (Barnett and
Lewis, 1984). For this study, both univariate and multivariate outlier analyses were conducted
(Tabachnick and Fidell, 2007). These analyses identified 26 outliers (of which 16 were

multivariate), representing 3.9% of the total sample (Appendix D). There are four reasons why
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there might be outliers in data: incorrect data entry, failure to specify missing-values codes so
they are read as real data, the outlier is not member of intended population, or the case is part of
intended population but the distribution of the variable in the population has an extreme, non-
normal distribution (Tabachnick and Fidell, 2007). It is the latter situation that seems to apply to

this data, thus suggesting that retention of the cases may be appropriate.

Before deciding on whether to retain outliers in the analyses, it is prudent to assess the sensitivity
of the model to these cases. The basic premise of this approach is that “whilst outliers are often
influential, not all influential observations need be outliers” (Barnett and Lewis, 1984, p. 283). In
order to conduct this analysis, Cook’s distance was computed for each of the cases for each of the
dependent variables. This statistic measures the influence of a particular case on the model
overall, with values greater than 1 being potentially a cause for concern (Field, 2005). For the
dependent variable of Energy Efficiency Effects, four cases were found to have a Cook’s distance
greater than 1 (IDs: 15500, 16609, 6452, 14328). For load management, there were four cases
which had a Cook’s distance greater than 1 (IDs: 13781, 6455, 17609, 14328). Assessment of the
regression results both including and excluding the influential cases revealed that the variance
explained by the model was higher in the case of the full sample (Appendix E). Therefore, it was
decided to take a more conservative approach and test the hypotheses using the reduced sample
(excluding the influential cases). The results below are reported on that basis, unless otherwise

specified.

Multicollinearity. Multicollinearity can be problematic in regression analyses when two or more

independent variables are highly correlated (e.g., above .90) (Tabachnick and Fidell, 2007). In
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this data, correlations between the independent variables are low to moderate, with the highest
correlation being .68 between smart metering and net metering (Table 8). Collinearity diagnostics
were performed. The condition index was below 5 in all cases and no dimension had more than
one variance proportion greater than .50, suggesting that the threat of multicollinearity is low

(Tabachnick and Fidell, 2007).

Endogeneity. Endogeneity occurs when a regressor is correlated with the error term and can lead
to biased and inconsistent parameter estimates (Mithas and Krishnan, 2009). Endogeneity may
arise from several problems including simultaneity, omitted variables, and errors in measurement
(Chenhall and Moers, 2007; Mittal and Nault, 2009). The two-stage least squares (2SLS) test was
applied to the data. Because there is no suitable instrumental variables available in the data, the
analysis used a lagged variable (Chenhall and Moers, 2007; Mittal and Nault, 2009). Results of
the Durbin-Wu-Hausman test did not indicate problems with endogeneity, thus leading to a

preference to use the proposed independent variables for testing the hypotheses.

4.3.2 Cross-sectional Analysis: Tests of Hypotheses 1 and 2

In order to test H1 and H2, hierarchical regressions were performed independently for each
dependent variable measure. These analyses were performed in four steps. The first included the
control variables. The following three models added AMR metering, smart metering and net
metering, respectively. This was done to help isolate the effects of different IS capacities within
the metering technologies. Occurrences of positive betas for the independent variables indicate
support for the first hypothesis, whereas negative betas support H2. The means, standard

deviations and correlations of the model variables are shown in Table 8.
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Table 8: Means, Standard Deviations and Correlations (2010)

M sD 1 2 3 4 5 6
1 Energy Efficiency 42123.03 277576.32 1

2 Load Management 6.18 46.64 .26 1

3 Consumers 140484.03  431903.17 .68" 407 1

4 AMR Metering 53360.29 21599412 .18 32" 497 1

5 AMI Metering 20086.62 17665.80 .76 01 577 -02 1

6 Net Metering 199.37 194491 86~ .22 58 08 717 1
Notes.

N=660

*p < 0.05, **p < 0.01.

4.3.2.1 Energy Efficiency

With respect to changes in energy efficiency, the model explained 63.8% of the variance (F =
190.70, p < 0.001). The set of control variables was significant, accounting for 43.1% of the
variance (F = 164.94, p < 0.001). As shown in Table 9, there was no significant change to R? in
Model 2, but Model 3 and Model 4 contributed significant positive changes to R% Support for
H1 is found in Model 4, where there is a positive beta for net metering (f=.59, p<.001). The
negative beta associated with smart metering (p=-.10, p<.01) in Model 3 provides support for H2.

The insignificant beta for AMR in Model 2 (p=-.04, p>.05) does not support either hypothesis.
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Table 9: Results of 2010 Regression Analysis — Energy Efficiency Effects

Variables Model 1° Model 2 Model 3 Model 4
Number of consumers  0.69%*** 0.71%** 0.75%** 0.23%**
Ownership® -0.08* -0.08* -0.07 0.00
Location® 0.10%* 0.10** 0.09** 0.07**
AMR Metering -0.04 -0.07 0.14%**
Smart Metering -0.10%* -0.01
Net Metering 0.59%**
F 164.94%%* 124.03%%* 102.59%** 190.70%**
AF 164.94%*%* 1.17 10.01%** 353.45%*%*
R’ 0.431 0.432 0.441 0.638
AR? 0.431 0.001 0.009 0.197
Adjusted R* 0.429 0.429 0.437 0.635

Notes.

* Model statistics are standardized betas.

" Coding: 1 = investor-owned, 0 = non investor-owned.

¢ Coding: 1 = top ten energy efficiency states; 0= all other (40) states.
*p <0.05, ¥*p <0.01, ***p <0.001.

4.3.2.2 Load Management

When load management is used as the measure for the dependent variable (Table 10), the model,
while still significant, explains a much smaller proportion of the variance with R?=.195 (F =
26.20, p <0.001). Similar to energy efficiency, the addition of AMR in Model 2 had no impact on
R? whereas both Model 3 and Model 4 had significant increases in R% There was a significant
negative beta for smart metering (p = -0.14, p <0.01) supporting H2 and a significant positive

beta for Net metering (B = 0.29, p <0.001) in support of H1.
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Table 10: Results of 2010 Regression Analysis — Load Management Effects

Variables Model 1° Model 2 Model 3 Model 4
Number of consumers ~ 0.29%** 0.30%*** 0.41%*** 0.35%**
Ownership® 0.05 0.05 0.04 0.02
Location® -0.08* -0.08* -0.08* -0.10%*
AMR Metering -0.02 -0.08 -0.13**
Smart Metering -0.14%* -0.15%*
Net Metering 0.29%**
F 27.15%** 20.39%** 18.23%** 26.20%**
AF 27.15%** 20 8.65%* 58.06%**
R’ 0.111 0.111 0.123 0.195
AR? 0.111 0.000 0.012 0.072
Adjusted R* 0.107 0.106 0.116 0.188

Notes.

* Model statistics are standardized betas.

" Coding: 1 = investor-owned, 0 = non investor-owned.

¢ Coding: 1 = top ten energy efficiency states; 0= all other (40) states.
*p <0.05, ¥*p <0.01, ***p <0.001.

4.3.2.3 Summary of Results for H1 and H2

Under H1, it was expected that increases in 1S-enabled capacities associated with advanced
metering infrastructure (AMI) would be associated with better EDM performance, while H2
proposed that greater investments in AMI would be associated with lower demand management
performance. These hypotheses were tested using two dependent variables (energy efficiency
effects and load management) and three levels of metering technologies (AMR, smart meters, and
net metering). The results provide support for both H1 and H2 as summarized in Table 11. From
this table, it is observed that H1 was consistently supported in the case of net metering. That is,
utilities with a higher number of net metering customers had higher EDM performance both in
terms of energy efficiency and load management. Consistent support for H2 is also found with
respect to smart meters, suggesting that the deployment of smart meters may be creating a

situation of information waste and reducing utilities’ demand-side management performance.
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Table 11: Summary of Hypotheses Testing

Energy Efficiency Load Management
H1 Supported Net metering Net metering
H2 Supported | Smart metering Smart Metering

4.3.3 Longitudinal Analysis: Test of Hypothesis 3

To test the third hypothesis, regression analyses were conducted to see if one, two, or three year
lags between the deployment of metering technologies had any differential effects on 2010 EDM
performance. This resulted in three additional regressions: 2007 independent variables regressed
on 2010 dependent variables (3-year lag); 2008 independent variables on 2010 dependent
variables (2-year lag); and 2009 independent variables on 2010 dependent variables (1-year lag).
Support for H3 would be present if the standardized betas for the independent variables are

stronger and more positive for the lagged regressions than for the within-year (2010) analysis.

4.3.3.1 Energy Efficiency

The results of the time-lagged regressions for energy efficiency are summarized in Table 12.
With each additional year, the model explains a slightly higher proportion of the variation, such
that in the 3-year lag period (2007-2010) we find that the model explains 66.6% of the variance
(F=158.73, p<.001). However, the standardized betas of the independent variables remain very
close and do not become stronger over time. With respect to AMR, betas in all years are not
significant and range from -.01 to -.04. For smart meters, the betas are significant and range from
-.09 to -.12, and for net meters, the betas are significant and positive, ranging from .59 to .60.

Thus, the findings do not support H3.
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Table 12: Energy Efficiency Effects — Year-over-year Analyses

Within-year | 1-year lag | 2-year lag | 3-year lag
2010-2010 2009-2010 | 2008-2010 | 2007-2010

R* Model 1 (Control Variables) 431 430 432 430

AR’ 431 430 432 430

R* Model 2 (AMR metering) 432 432 432 432

AR’ 001 .001 .000 .001

R? Model 3 (Smart metering) 441 445 440 440

AR’ .009 013 010 .008

R, Model 4 (Net metering) .638 .651 .665 .666

AR’ 197 206 223 226

Beta — AMR metering (Model 2) -.04 -.04 -.01 -.04

Beta — Smart metering (Model 3) - 10%* - 12%* - 11%* -.09%*

Beta — Net Metering (Model 4) SQFE* S9HH* O FF* 60%**

4.3.3.2 Load Management

Similar longitudinal analyses were performed for the load management dependent variable. The

results are summarized in Table 13. Across the four scenarios, the one-year lag (2009-2010)

appears to result in slightly stronger and more positive results. In this scenario, R*=.213 (F=21.54,

p<.001), beta for AMR is positive, but not significant, beta for smart metering is -.10 (p<.05) and

beta for net metering is .33 (p<.001). The statistical significance of the improvements in the 1-

year lag over the within-year analyses cannot be assessed, but may represent tentative support for

H3. In the 2-year lag scenario, the beta for smart meters is also less negative than in the within-

year analysis (f=-.09, p<.05) which also may reflect partial support for H3. The results for the 3-

year lag, with the exception of a negative beta for AMR, are not significant.
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Table 13: Load Management Effects — Year-over-year Analyses

Within-year | 1-year lag | 2-year lag | 3-year lag
2010-2010 2009-2010 | 2008-2010 | 2007-2010

R” Model 1 (Control variables) A11 .109 .109 .109

AR’ 111 109 109 109

R* Model 2 (AMR metering) 11 .109 .109 134

AR’ .000 .000 .000 025

R* Model 3 (Smart metering) 123 118 116 .140

AR’ 012 .009 .007 .006

R” Model 4 (Net metering) 195 213 172 .140

AR’ 072 .096 056 .000

Beta — AMR metering (Model 2) | -.02 .02 .01 - 18%**

Beta — Smart metering (Model 3) | -.14** -.10%* -.09% -.08

Beta — Net Metering (Model 4) DQHE* KR D SHHE .02

Notes:

*p < 0.05, **p < 0.01, ***p < 0.001.

4.3.3.3 Summary of results for H3

Based on the longitudinal analyses, H3 was not supported with respect to energy efficiency across
any of the three lagged time horizons. For load management, there is tentative support for H3 in
the 1-year lag scenario for smart metering and net metering, and in the 2-year lag for smart
metering, but not in the 3-year lag scenarios. This suggests that in the case of EDM programs
targeting peak load reductions there may be some improvement over a short-time horizon (e.qg.,
one year) but these do not continue past two years. However, based on these results any

conclusions are tentative at best.

4.4 Discussion

As the first of three related studies investigating the impact of new smart grid information
systems on utilities’ demand management performance, this study sought to answer two

guestions: 1) what is the relationship between 1S-enabled information processing capacities and
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utilities’ electricity demand-side management performance, and 2) how does this relationship

change over time? The findings are now discussed with respect to these questions.

4.4.1 RQL1: Relationship between IS and EDM Performance

In reference to the first question, the findings of this study suggest that both positive and negative
relationships can exist between smart grid technologies and utilities” EDM performance. Further,
this nature of the relationship seems to depend on the type of technologies (and information
processing capacities) that are deployed. For both energy efficiency and load management, the
results indicate a strong positive relationship between net metering and EDM performance. In
other words, utilities with higher numbers of customers who both generated and consumed
electricity were more likely to report higher energy efficiency savings and peak load reductions
from their EDM programs. According to the theoretical model outlined in Chapter 3, one possible
explanation is that net meters have advanced information processing capacities (such as for data
collection, analytics or communication) that fit the information processing requirements.
Extending this idea a little further, the findings may suggest that the need to coordinate between
the supply and demand sides (e.g., Proposition 3) might be particularly relevant for EDM
performance and that this requirement is at least partially addressed through the capacities
associated within net metering. Based on the data set used for this study, it is not possible to
determine the priority of information processing requirements or exactly which information
processing capacities of the net meters are actually used by utilities to support their EDM

programs. This is a limitation of the current study that will be investigated in subsequent research.
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A second, related explanation for the findings with respect to net metering is that utilities with
larger numbers of net metering customers may have developed other complementary information
processing capacities through organizational structures and processes. These capacities might
include the implementation of other IS such as customer information systems (CIS) or the
building of organizational knowledge and practices. This explanation is consistent with OIPT,
which suggests there are a number of different mechanisms for building information processing
capacities in the event of increasing task complexity (Galbraith, 1977; Tushman and Nadler,
1978). Additionally, on the customer side, when consumers of electricity begin to generate
electricity for their own use or resale back to the utility, it may change how they perceive and
respond to EDM programs. For instance, monetary considerations might drive greater
participation in energy efficiency programs because any savings of electricity would increase the
amount that could be sold. In the next study, the effects of these consumer-producers (prosumers)

will be explored further.

Although a positive relationship was found between net metering and EDM performance, similar
results were not obtained for the other two metering technologies, AMR and smart metering. That
the relationship between AMR and EDM performance was generally not significant is not
particularly surprising for the following reason. AMR devices have been used in the electricity
sector for close to twenty years to facilitate the collection of meter readings. AMR can provide a
number of benefits to utilities including quicker read-to-bill and collection times and reduced
manpower (Bird and Scharadin, 1994). However, AMR devices are not typically considered part
of the smart grid because the devices only provide one-way communication. By simply

automating the collection of the same kind of consumption data as traditional electro-mechanical
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meters, AMR devices are not likely to provide any additional advantages to utilities in relation to

EDM.

Because the information processing capacities associated with smart meters are more consistent
with net metering, it might have been expected that the results for the two would be similar, at
least directionally. However, the significant negative relationship between smart meters and EDM
performance for both energy efficiency and load management suggests that something is
impeding utilities’ ability to conduct EDM effectively. One possibility is that the data collected
through smart meters are simply being used in the same way as manually or AMR collected meter
data; in other words, primarily for billing rather than designing, implementing and managing
more innovative or tailored demand-side management programs. Any additional data or data
collected in a more timely manner are not being leveraged to improve EDM. This explanation,
however, only goes part way. If the information was simply collected and then set aside, the
relationship between smart meters and energy efficiency should at worst be insignificant and
neutral. The significant negative relationship between smart meters and EDM performance
suggests that collection of additional information may be creating inefficiencies or waste within
the utilities” information processing activities. Perhaps utilities are overwhelmed by the incoming
data and how to manage it, or preoccupied with trying to figure out what do with it in the context
of EDM. These explanations fit logically into the concept of flow excess waste (Hicks, 2007) as

described earlier.

An alternative explanation for the smart meter findings is that the implementation of smart meters

has caused an operational distraction for utilities, with negative consequences on performance.
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Over the four years covered in this study, the number of smart meters deployed has grown the
most quickly among the three metering technologies. Given the rapid rollout of smart meters, it is
possible that utilities are distracted from core EDM activities. Organizational efforts may be more
focused on the technological aspects of deploying new meters and upgrading or integrating
supporting information systems than on using the information available to improve EDM. If this
were the case, we would expect to see improvements over time. For load management, the slight
improvement in the beta for smart meters over the 2-year and 1-year time periods might signal
such a change. However, given the relatively small change, no definitive conclusions can be

made and future research would be necessary to monitor the situation over time.

Before moving on to discuss the second research question regarding the effects of time, a short
discussion comparing the findings with respect to energy efficiency and load management effects
is warranted. The results of this study show substantially lower model fit and betas for load
management. This finding is somewhat surprising given that the near real-time nature of peak
load management would seem to dictate that more advanced metering technologies and IS-
enabled information processing capacities would be required. It is speculated that the weaker
results may be related to the nascent state of residential load management programs, particularly
compared with energy efficiency programs. As residential load management programs become
more prevalent, it will be interesting to see if a stronger relationship emerges with metering

technologies.
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4.4.2 RQ2: Effects of Time

The second question that this study sought to answer was the effect of time on the relationship
between smart grid capacities and EDM performance. Contrary to expectations, no strong
evidence supported the hypothesis that 1S-enabled information processing capacities would
improve EDM performance over time. With respect to energy efficiency EDM programs, this
finding could be explained by the fact that utilities have been involved in similar types of
programs since the 1970s (Auffhammer et al., 2008). Therefore, utilities have already developed
an expertise in designing and managing these types of programs such that no time effects would
be noticeable during the period covered in this study. On the other hand, the smart grid and load
management programs are still recent phenomena. With only four years of historical data, it may
be too early to see any improvements. Continued research in the area and studies that examine the

experience of early adopters of AMI may provide deeper insights on this question.

4.4.3 Limitations

There are a number of limitations to this study that should be noted. First, the sample was limited
to the residential customer segment of U.S. utilities. Although this sample allows for some
generalization of results to other locales, it may not capture the full range of the smart grid on a
global scale or across different customer segments. Other countries, particularly in Europe, are
making faster progress deploying smart meters and there is significant regional variation in the
regulatory environments for electricity and on the emphasis placed on demand-side management.
Further, although controlling for utility type and location using dichotomous variables, the study
did not investigate in detail the potential effects across different utility types, regions, or customer

sub-segments. This limitation was due primarily to the available data and statistical requirements
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for sufficient sample size. Second, the data, although consolidated and reported by an
independent government agency, is self-reported by utilities and therefore may be subject to a
favourable bias. This concern is partially offset by the reasonably well-defined rules by which
utilities calculate EDM program effects. Third, the deployment of smart meters in the U.S. is
relatively recent and the EIA only began collecting and reporting smart meter information in
2007. Therefore, it is possible that the results may be subject to some volatility as utilities gain
more experience with AMI and the associated 1S-enabled information processing capacities. In
addition, it should be noted that although EDM can be enabled by the smart grid, it is not in most
cases the driving motivation. In other words, utilities may realize benefits other than those

associated with EDM performance and these benefits are not considered within this study.

4.5 Summary

As a starting point for the investigation into the impacts of the smart grid on utilities’ demand-
side activities, this study presents some interesting results that could have substantial implications
for individual utilities and the industry as a whole. Using archival data from the U.S. electricity
sector for 2007-2010, the findings suggest that technologies associated with the smart grid can
have both positive and negative effects on electricity demand-side management. Despite the
potential for organizational learning and development of other information processing capacities,
the findings do not suggest that these effects are substantially strengthened over time, at least
during the period covered by this study. In the next chapter, these results are explored further by

way of a qualitative field study.
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Chapter 5

Study 2: Qualitative Field Study

As the smart grid continues to take shape, there are many things still to be learned. Quantitative
analyses, such as conducted in Study 1, provide preliminary insights into the effects of the smart
grid on utilities’ performance in demand-side management activities at an aggregate level.
However, there are many complexities and contextual factors that may be more easily
investigated and understood using qualitative methods (Myers, 2009). Accordingly, the second
study of this thesis involves exploratory field interviews® with a range of participants in the
electricity utility sector. This study has three objectives: first, to provide an initial, qualitative,
field-based review of the initial conceptual model (as presented in Chapter 3); second, to inform
the results of Study 1 (Chapter 4); and third, to identify other emergent themes that are relevant to

understanding the implications of the smart grid on utilities.

In the next section, the research methodology for this study is outlined. After that, the results with
respect to the twelve propositions of the conceptual model are presented. From there, the findings
of this study are reviewed in relation to the results obtained in Study 1. To conclude, the chapter
discusses three themes that emerge as important considerations for understanding the relationship
between the smart grid and utilities’ demand-side performance. These themes are used to frame

the third study of this thesis, which the topic of the next chapter.

® This study was approved by the General Research Ethics Board under file GBUS-309-11, Ethics ROMEO
# 6005950. Refer to Appendix F for GREB Approval letter.
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5.1 Research Methodology

5.1.1 Data Collection Methods

Semi-structured interviews were used to collect data for this study. Interviews are a common
method used for qualitative research as they allow for the collection of targeted data with the
potential to identify perceived causal inferences (Yin, 2008). In a semi-structured approach, the
interview follows from a pre-defined set of questions, while still allowing for a conversational
tone and open-ended answers (Yin, 2008). For this study, the questions were derived from the
theoretical model presented in Chapter 3. A copy of the interview guide is included in Appendix
G. With the participants’ permission, interviews were recorded and then transcribed to provide a
verbatim record. In four cases, participants did not agree to audio-recording, so the researcher
took detailed notes during the interviews. These notes were then typed up and included in the
analyses. All interviews were conducted in person. Except for one interview that was conducted
on campus, interviews were conducted at the participant’s normal place of work, typically in a

designated meeting room.

In conjunction with the interviews, publicly available information regarding the represented
organizations, such as annual reports, company presentations, product feature sheets (for vendors)
and other related information were collected and reviewed. In one interview, the researcher was
also able to directly observe the operation of AMI technologies. Data from these additional
sources were used to corroborate evidence collected during the interviews and help to augment

construct validity within the study (Yin, 2008).
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5.1.2 Participant Selection and Recruitment

Interviews were conducted with a variety of industry representatives concerning their experiences
with the emerging smart grid and electricity demand-side management (EDM). Participants for
this study were recruited primarily by attending industry conferences and seminars on the smart
grid, through the researcher’s contacts in industry, and by identifying potential participants
through reading of papers/magazines and publicly available information on the internet. The

recruitment notice was also posted on the researcher’s personal website (www.jmcinsight.com)

and the Queen’s Green IT/S research website (www.green-its-research.ca), although no contacts
were made through these postings. Participants representing different roles and job functions
were sought and, for convenience, the researcher targeted North American-based organizations.
At the conclusion of each interview, the participant was asked for referrals to other people both
within and outside of the organization (snow-ball sampling). Anonymity of participants and their
organizations was provided in order to encourage participants to speak freely. In addition, where
practical and possible, multiple participants were interviewed from the same organization which
provides a more complete picture of the organizational responses through triangulation of
subjects, and helps to minimize the effects of single informant biases (Miles and Huberman,

1994; Myers, 2009).

Using these methods, the researcher was able to recruit twenty-two participants from eleven
different organizations in the North American electricity industry. Participants represented
organizations from several perspectives in the industry, with the majority coming from utilities.

The interviews took place over the six month period between June and December 2011. As
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shown in Table 14, seventeen interviews were conducted, amounting to 1046 minutes and 369

pages of single-spaced transcripts.

Table 14: Participant Demographics

Utilities’ Non-utilities” Total
Organizations 8 3 11
Participants 16 6 22
Canadian-based 9 6° 15
U.S.-based 7 0 7
Interviews" 14 3 17
Minutes 804 242 1046
Transcript pages 259 110 369

Notes:

1 Includes integrated utilities (e.g., generation, distribution, transmission), local distribution
companies, re-sellers, and system operators

2 Includes regulators, industry associations, vendors and consultants

3 Includes participants based in Canada, but that serve both Canadian and U.S. utilities

4 Refers to actual meetings; it is lower than the number of participants because one or more
participants may have participated in a single interview meeting.

5.1.3 Data Analysis Methods

Once the interviews were completed and transcribed, qualitative analysis was performed using
techniques suggested by Miles and Huberman (1994) and Saldana (2009). An initial set of codes
was developed prior to data collection based on the conceptual model developed in Chapter 3. In
addition, the researcher added additional codes as new themes were identified within the data.
Subsequent phases of analysis examined these themes and patterns that emerged within the data
(Saldana, 2009). Qualitative data analysis software Nvivo was used to facilitate the coding

process. The findings of these analyses are discussed next.
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5.2 Results

In this section, the results of the study are presented. For ease of reference, this discussion is
organized in order of the theoretical propositions of the conceptual model. A summary of the
findings by proposition is included as Table 15. In this table, as well as the discussion that
follows, comments are made with respect to whether a certain proposition was supported or not.
It must be emphasized here that this study was not intended to test the theory in terms of
confirming or disconfirming the propositions. Rather, statements regarding support or lack of
support are used to indicate whether the findings of the field study are generally consistent with
the propositions. This assessment was based on both the quantity (i.e., number of references
coded) and the content of the comments made by participants (e.g., supportive or not supportive)
in the context of the propositions. As well, in one case there was insufficient evidence to

compare with the proposition.

5.2.1 Information Processing Requirements

The first five propositions of the model relate to information processing requirements.
Collectively, these propositions assert that the information processing requirements for EDM are
increasing because of changes associated with the smart grid. Overall, the results partially support
for this supposition. Participants agreed that the smart grid is transforming the electricity sector
and raising the complexity of demand-side activities for utilities. However, the requirements
associated with demand-side management, such as conservation and energy efficiency programs
and demand response do not yet appear to be significantly affected. Among the factors that were
expected to increase the processing requirements, uncertainty regarding customer responses

appears to have the greatest influence. Limited support was found for volume of data, and number
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of EDM programs, and there was no clear support for coordination between demand-side and

supply-side, and reduced tolerance of power outages.

5.2.1.1 Volume of Data

According to the model, greater volumes of data associated with performing a given task increase
its complexity. An examination of the qualitative data indicates that although utilities have access
to more data through the smart meters, it is not clear whether this data is actually needed to
support current EDM activities. In some cases, it appears that utilities’ have many un-tapped
opportunities for EDM programs for which more granular or voluminous data is not necessary, as

one participant explained:

A lot of people will tell you they need a lot of information on

utility data, consumption, all this stuff. Honestly? If | can get

your meter data, [ don’t care whether it’s monthly or hourly.

Right now there’s enough low-hanging fruit out there. (C1,

Utility)
Despite the presence of “low-hanging fruit” for EDM programs, participants agreed that more
data with respect to demand patterns, as enabled through advanced metering infrastructure (AMI),
presents opportunities for more innovative and targeted EDM strategies. Although some pilots
have been initiated or run, no utilities have implemented real-time demand response programs on
a broad scale with residential consumers. In addition, there were suggestions that other demand-
side activities (such as customer billing and outage management) and operational business

processes (such as distribution operations) had greater needs for data and information processing.

Overall, these mixed findings provide limited support for Proposition 1.
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Table 15: Study 2 Summary of Findings

Proposition

Level of
Support

Summary of findings

Information Processing Requirements

P1: Greater volume of usage data will Limited Increases organizational information processing requirements generally, but not
increase the information processing directly in relation to EDM.

requirements of EDM

P2: Higher numbers of different EDM Limited Information processing requirements do not substantially increase with higher
strategies administered by a utility will numbers of EDM programs within the same category; however, the addition of load
increase the information processing management programs to an EDM portfolio does increase IPR.

requirements for EDM

P3: Higher levels of coordination None Separation between supply and demand-side activities is important to maintain
between demand-side and supply-side focus on EDM objectives.

management will increase the information There are sufficient EDM opportunities currently that do not need additional
processing requirements for EDM information processing requirements.

P4: Customers’ reduced tolerance for None ’Keeping the lights on’ has long been embedded within utility culture; therefore,
power outages will increase the there is no impact on the information processing requirements for EDM.
information processing requirements for

EDM

P5: Uncertainty regarding customer Strong In designing and implementing EDM programs, utilities are challenged by the
responses will increase the information uncertainty of customer responses. Many are recognizing the need to segment
processing requirements for EDM customer groups, which requires higher amounts of data and analytic capacities.
Information Processing Capacities

P6: Investments in IS support for data Limited Evidence suggests that utilities have greater capacities with respect to data
collection will increase organizational collection, but that this causes a strain on other information processing capacities.
information processing capacities

P7: Investments in IS support for analysis | None At this point, utilities have not made sufficient investments in data storage and
will increase organizational information (insufficient analysis to be able to determine effects on information processing capacities.
processing capacities evidence)

P8: Investments in IS support for Strong Communication of data collected from meters within utilities (through integration

communications will increase
organizational information processing

capacities

of systems) and with customers increases the information processing capacities.
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Information Processing Fit

P9: Greater fit between information Limited Although still early, it appears that matching information processing capacities with

processing requirements and information specific requirements of EDM may contribute to overall EDM performance.

processing capacities will be associated

with higher EDM performance

Moderators

P10: The level of appropriation support Strong The concept of managing electricity and the smart grid are complex and customers

for EDM strategies provided to customers need to be provided with support to help them use smart meters and other capacities

will moderate (strengthen) the of AMI to respond to EDM programs.

relationship between fit and EDM

performance

P11: Time will moderate (strengthen) the | None The implementation of smart grid is still very new. It is expected that performance

relationship between fit and EDM will improve over time. However, even leading utilities that have been doing this

performance for some time do not have clear evidence of improvements over time. Both business
processes and information processing capacities continue to evolve.

P12: The electricity demands of IS to Stong Investments in [S-enabled information processing capacities carry with them

support data collection, analysis and
communications will partially offset the
reductions in electricity demand resulting
from EDM programs

significant demands for electricity, which partially offset gains associated with
EDM programs.
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5.2.1.2 EDM Strategies

Utilities have been engaged in demand-side management activities for over three decades
(Auffhammer et al., 2008; Fox-Penner, 2010), most often as a result of regulatory or legal
requirements. For instance, in Ontario, conservation and peak load reduction targets have been
assessed as part of utilities’ license requirements and in the U.S. Pacific Northwest, utilities are
required to perform all cost effective energy efficiency programs or face significant financial
penalties. As a result of these obligations and experience in EDM, there is a consistent
understanding of demand-side management across different utilities and organizations within the
electricity sector. The results of this study confirm that utilities engage in two main categories of
EDM programs: conservation (including energy efficiency) programs and peak load management

(e.g., demand response) programs.

Proposition 2 argues that the number of different EDM programs offered by a utility increases
their information processing requirements. The data provide limited support for this proposition.
Specifically, it does not appear that the number of different EDM programs matters as much as
whether the utility engages in programs across the two categories of EDM. This study found that
utilities generally have a portfolio of 12-15 different EDM programs that run at different times
and target different energy saving opportunities. If these programs are all related to energy
efficiency, the characteristics of these programs tend to be similar such that the number of
programs does not seem to substantially affect the information processing requirements.
However, when utilities engage in more dynamic EDM programs, such as demand response, they
find that these programs are more complex and require a different set of IT capacities (than

energy efficiency programs) in order to be effective. As one participant commented:

And with conservation, there's nothing to do with real time, and
demand response is all in the shorter time demand. Basically, the
more information and more load that can be controlled, the
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better. If you can control a water heater, then you can offer
different things to the grid (L1, Consultant)
Therefore, the results provide limited support for Proposition 2 in the case where utilities engage

in EDM that involve both passive and dynamic demand-side management strategies.

5.2.1.3 Coordination between Demand-side and Supply-side

As efforts to ‘green’ the supply of electricity accelerate, utilities need to deal with greater
numbers of small-scale generation facilities distributed across the network. As a change from the
traditional centralized generation model, the distributed generation model creates new
uncertainties and complexities for utilities. The findings of this study suggest that the issue of
coordination should be considered from two perspectives: that of the customer, and that of the

utility.

From the customer perspective, there were suggestions that separation between customers’
demand-side and supply-side activities was an important structural lever for utilities with respect
to demand-side management. For instance, when consumers are allowed to generate their own
electricity, there is a fear that the need for energy efficiency might become obscured. One

participant explained the concern this way:

| bristle at people who have inefficient facilities or homes, and
they put renewables on to meet that inefficient load. It's like,
come on. So “if it's not efficient, it's not green”, is really the
mantra that I really like. Make the smart investment first, then do
the renewable (K1, Utility).

Thus, contrary to Proposition 3, this would suggest that increased coordination is not required.

The other perspective considers the need for internal supply-demand coordination within the
utility. Participants spoke of increased information processing requirements for managing the
supply-side (e.g., distribution and transmission), but there was also little evidence to suggest that
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hat greater internal coordination between the two is needed. It may be that the penetration of
distributed generation is still so low that it is inconsequential to normal utility operations. In such
case, as more renewable generations facilities come on line, the need for internal coordination

may become a greater concern.

Although coordination between demand-side and supply-side management at the task level was
not perceived to be an immediate requirement, there was evidence of increased coordination and
integratation across organizational information systems. For instance, utilities see value in
bringing demand data (from the smart meters and AMI) into an operational data store (ODS) that
could then be integrated with other operational systems such as Customer Information Systems
(CIS), asset management systems, and outage management systems (OMS). As the data become
propagated across the organization, the potential for breaking down silos and fostering greater

collaboration is created.

5.2.1.4 Power Outages

For most of their history, utilities have held the responsibility for “keeping the lights” on.
Participants spoke of how this priority is embedded within the organizational culture. Regardless
of what smart grid program or initiative is being considered (whether EDM or not), this priority

must be taken into account. One participant described it this way:

At the end of the day, if something goes wrong on the grid,
we’re still the ones being held accountable for it, so we still have
an important responsibility in that area as well. (D1, Utility)
Despite the high importance placed on maintaining power availability (or perhaps, because of it)

there was no evidence to suggest that this is becoming a greater concern for consumers or adding

to the complexity of EDM. Therefore, Proposition 4 is not supported.
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5.2.1.5 Uncertainty of Customer Response

Of the five factors that were expected to increase information processing requirements,
uncertainty regarding customer responses to EDM programs seemed to be the most pressing
concern for utilities. Traditionally, utilities have not typically had visibility into consumers’
household activities. For instance, if a utility provided their customers with energy efficient light
bulbs, it didn’t know whether the light bulbs were actually installed and used as intended. Thus,
the assessment of these types of programs involved guesswork and estimations based on periodic
random samples and extrapolations. However, as utilities engage in more dynamic EDM
programs, such as demand response, the need for understanding and predicting consumer
responses becomes more pronounced. Fundamentally, utilities are concerned about whether they

can depend on customers to act when needed, as one participant explained:

So the planners were saying, "Okay, we have to build some
generation, it’s peaking generation. Do we build a peaking
generation, or do we get people to turn off their air
conditioners?" If we’re getting them to turn it off voluntarily, can
we count on it? It’s not worth that much if we’re just not sure
that they’re going to do it, but if we can control it and actually
turn it off with our own control systems, then it’s worth a lot
more. And then we know it’s off, and then it really does replace
the need for this generation. (A2, Industry Association)

As utilities look to EDM programs to help shift and manage load, they are challenged by the
uncertainty of customer response. New guestions, such as how to target different customer
segments and the right balance between enablement and control in EDM programs, emerge. To

answer these and other questions, utilities have greater information processing requirements.

Thus, Proposition 5 is supported.

5.2.2 Information Processing Capacities

In the proposed conceptual model, three propositions were related to information processing
capacities. These propositions suggest that utilities’ investments in 1S for data collection,

analysis, and communication will increase the organizational information processing capacities
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for electricity EDM. As in the case of information processing requirements, mixed results were
found for these propositions. In particular, the data are most consistent with the proposition
regarding IS-support for communications. Somewhat surprisingly, the data also suggest that 1S-

support for data collection may reducing utilities” overall information processing capacities.

5.2.2.1 IS Support for Data Collection

According to Proposition 6, it was expected that IS investments to support data collection could
increase utilities’ information processing capacities. The analysis suggests that while this may be
true with respect to the data gathering aspects of information processing, the argument does not
hold with respect of other information processing capacities such as storage, analysis and
communication. As previously discussed, smart meters are the first and most prevalent smart grid
technology to be deployed on the demand-side. Not surprisingly, the main benefit that utilities see
from these devices is the ability to collect new, more granular data more frequently. What the
utilities are finding, however, is that the increased capacity for data collection is limited by other
technological capacities, particularly communications infrastructure (such as bandwidth) and
analysis. In some cases, collecting less data was seen as good trade-off because it can be retrieved
more quickly, making the information more valuable for real-time decision-making. One

participant explained it as follows:

We’ve got about 30,000 distribution transformers. If we
eventually put a smart meter in every one, we can backhaul
outage data faster than we can from 330,000 [residential smart
meters], just because your bandwidth got better because you
don’t have the same amount of throughput. (B1, Utility)
Despite normal hurdles with implementing smart meter devices and the communication

infrastructure, it appears that collection of the data may be the easiest part. Increasing other

information processing capacities related to storage, analysis, communications and integration
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with other systems (e.g., getting the data into existing systems) appear more difficult for utilities

to achieve:

We have smart meter data. We don’t have a real good way to
store it yet. We’re in the process of working on a project right
now to store that information so we can start analyzing and start
using it in a meaningful way. (C2, Utility)
Therefore, although investments in smart meters are increasing utilities’ capacities for collecting

data, the downside is increased pressure on capacities related to storage, analysis and

communications. Collectively, these results provide limited support for Proposition 6.

5.2.2.2 IS Support for Analysis

Among participants, strong concerns were raised regarding the volume of data afforded by the

smart grid and the challenges it presents:

The other challenge is the sheer volume of data. | don't think

people appreciate how much we're going to have when they start

looking at all the interval data, the registry data, the events, the

alarms, the flags. There's a lot of data there (G2, Utility).
As a result, storage and analysis are viewed as increasingly important aspects of information
processing for utilities. Capacities associated with storage and analysis include: getting data into
existing corporate systems (e.g., integration), verification of incoming data, synchronization of
multiple data stores (meters, collectors, MDMS, ODS, CIS, etc.), retaining historical data to
support predictive analyses and algorithms, and securing the privacy of customer data. In
addition, data are not stored once, but often at multiple intermediary points (e.g., at the meter,

field collectors, MDMS, and a data warehouse). The result is a dramatic increase in the data

management needs, including an infrastructure to store and manage the new data.

Although utilities understand the importance and magnitude of storage requirements and the
downstream implications for developing analytical capabilities, there was little evidence that

utilities made substantial investments in these essential information processing capacities. Many
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are taking a wait-and-see approach, ignoring for the moment the large volumes of data being

stored:

So data storage is quickly growing into the elephant in the room,

because the amount of data we're collecting now has just

exploded. We have, rough number, 300,000 customers. So

300,000 smart meters, we're collecting... I think we have over 7

TB of data in less than a year, and we're only doing one-hour

intervals. We're not even doing 15-minute intervals, which is

what most utilities want to do, and we already have 7 TB of data.

Now we can store 7 TB of data, but I'm not so sure we can be

very efficient at looking through 7 TB of data if | want to find

something. So data mining in huge quantities of data is another

area that we're going to have to be better at when it comes to

that. (F1, Utility)
Perhaps given the early stages of the smart grid, there was little concrete evidence that utilities
have increased their information processing capacities through investments in storage and
analysis. Thus it is impossible to assess how these investments have affected utilities” information

processing capacities, and Proposition 7 at this time.

5.2.2.3 IS Support for Communication

In contrast to IS support for data collection, which involves a one-way pull of data, IS support for
communication addresses multi-directional information flows within utilities and between
utilities and other external parties. Despite limitations of existing communications infrastructures,
utilities view 1S-enabled communications capacities as a fundamental part of the smart grid and
instrumental to improving their operational performance. Thus, there appears to be strong support

for Proposition 8.

From a technological perspective, utilities have made varying levels of investments in 1S-enabled
communications. These investments take several forms: upgrading the communications
infrastructure using combinations of technologies (e.g., radio frequencies, cellular, wifi and

wimax); integrating information systems within the utility, and deploying two-way
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communications with customers. Once utilities have the technological infrastructure in place,
communications can be established at several levels: within the utility in terms of sharing data
across departments and with consumers to support demand-side management objectives. In the
former situation, integrating information from meters with other systems such as outage
management systems (OMS), geographical information systems (GIS), customer information
systems (CIS) and other operational data stores (ODS) is seen as significantly improving the

organization’s overall information processing capacities.

With respect to EDM, participants spoke most frequently of making use of two-way

communications capacities. One participant described it as follows:

There are really two options for improving the customer

experience: warm bodies and using technology. We use

technology to help support two-way communications, so that the

information that they get, regardless of form is consistent. It is

the same whether they do a phone call, form letter, web

interaction, video-conferencing or a mobile application. (K3,

Utility)
Thus, communications capabilities, and in particular, the ability to provide granular and up-to-
date usage data and other information through web-presentment, mobile devices, or other media
provide important information processing capacities in support of demand-side management

activities.

5.2.3 Information Processing Fit

Proposition 9 posits that that a higher degree of fit between information processing requirements
and information processing capacities will be positively related to utilities” EDM performance.

Given that both the information processing requirements and capacities for utilities as a result of
the smart grid continue to evolve, it is difficult to make definitive assessments regarding both the

level of fit and its impact on EDM performance.
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That being said, there are a number of observations that can be made in relation to this
proposition. First, there are indications that different information processing capacities are
applicable in different contexts. For instance, in jurisdictions where local supply is constrained,
smart meters are used to do peak load management in order to avoid wide-spread blackouts.
These programs require greater capacities related to real-time data capture and communication as
compared to energy efficiency or conservation programs. Second, the early results from utilities’
deployment of new smart grid technologies have been mixed. Some utilities have enjoyed
successful smart meter rollouts and pilot programs, while other programs have not lived up to
expectations. Even utilities that build on the experience of others are not guaranteed success as

the two following quotes illustrate:

But consumers see this web-facing application and hopefully
they can... it can affect their behaviour. They can shift the
energy consumption. They can reduce the energy consumption.
They can make right choices with this information. And there
were a number of pilots that have been done that all have
indicated significant benefit from just information being made
available to consumers, benefits in terms of energy reduction and
peak load shift. (J1, Utility)

We did the pilot with Microsoft on now abandoned HOHM
system, very [dubious] success. Well, it's abandoned. That says it
[all]. (31, Utility)
Therefore, although it is still early, these results suggest that matching smart grid capacities to the

particular requirements of EDM programs and processes may be necessary to maintain and

enhance performance, thus suggesting limited support for Proposition 9.

5.2.4 Moderator Analyses

Two moderators were identified in the conceptual model: customer appropriation support and

time.
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5.2.4.1 Customer Appropriation Support

In this study, participants consistently recognized the importance of supporting customers through
the changes associated with the smart grid, and smart metering more specifically, thereby
providing support for Proposition 10. The value of customer appropriation support stemmed
largely from two related factors. First, success of demand-side management programs relies on
favourable reception by consumers. Second, for many people, understanding what the smart grid
is and what it means to their daily lives is difficult. Therefore, utilities have found that it is

necessary to support and engage customers through this change:

We need to make sure that customers understand the benefits of
what we’re proposing for the smart grid. And in order for them
to really take advantage of some of this technology, they need to
be involved. And customers, certainly in my 26 years, if you
don’t bring them along and help them drink from the pond, they
won’t drink from the pond. Customers usually take the approach,
“Make sure the lights are on, leave me alone.” I don’t think in
the next 20 years that we can just let customers do that anymore
because that’s what we’ve done for the last 70-80 years and our
system just can’t keep going the way it is. It’s just not
economical to make sure that we have power available for
customers at next to no cost that’s being poorly utilized. (F1,
Utility)

Recognizing the need to engage customers, utilities have developed and used a number of
different mechanisms, such as demonstration labs, newsletter inserts, and web simulation tools,

to support customer appropriation both with respect to the technologies (such as smart meters,
web presentment or home area networks) and the EDM programs. These investments seem to
have paid off as those utilities reporting higher levels of success attributed much of this success to

their high level of support to customers through these different mechanisms.

5.2.4.2 Effects of Time

According to Proposition 11, it is expected that time strengthens the relationship between
information processing fit and demand-side management performance. However, this proposition

was not strongly supported in Study 1. Similarly, although participants expressed the opinion that
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time is an important factor both for the development of demand-side management expertise and
IS expertise associated with the smart grid, there was a lack of evidence to support the
proposition in this study. This may be due in part to the early stages of smart metering projects at
some utilities (e.g., in some cases, utilities were still in the planning phases and had not yet begun

to implement smart meters).

The results also reveal that there is an underlying urgency to implement smart gird technologies
in some cases. For instance, this may occur in jurisdictions where there are aggressive regulatory
pressures. As a result, some utilities have and are facing severe time constraints to implement

new technologies. As one participant explained:

Given the timeframes that we had, we did not have the luxury of

selecting our vendors, signing the contracts, and then going out

with field studies and then pilots and then rolling up into full

deployment. We selected the vendor and then just moved straight

into building the infrastructure and getting the meters sourced.

(G2, Utility)
It is possible that these compressed time frames have the effect of neutralizing any potential gains
from organizational learning, at least in the short term. Therefore, despite suggestions that

performance should improve over time, Proposition 11 is not supported at this time.

5.2.5 Net Changes in Electricity Demand

As the foregoing discussion suggests, the smart grid is ushering in an era of unprecedented levels
of information flows for the electricity sector. Hundreds and thousands of new data points are
being captured stored, processed, and in some cases, used, across the electricity supply chain.
Even medium-sized utilities are reporting that their data have grown in excess of five terabytes
within a year or less and that they expect it to continue to grow. With each new terabyte of data,
the demands for electricity related to storage, processing, analysis, reporting and communication
also increase. Thus there is support for Proposition 12 that the electricity consumed by IS-enabled
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information processing capacities will partially offset any reductions achieved through EDM
programs. Unfortunately, from an environmental perspective, these increased electricity demands
are not environmentally benign as it has been estimated that each terabyte of data accounts for

approximately one metric ton of carbon dioxide emissions per year (de Vries, 2005).

Despite the increased demands that their own IS investments are placing on the electricity system,
it does not appear that utilities are taking significant mitigating actions. Two potential
explanations are evident from the field study. First, many utilities have turned to outsourcing their
smart meter data collection and storage. As a result, the increased electricity usage may actually
impact their service provider and occur in a different utility’s jurisdiction. Second, even if the
smart meter data are maintained internally, the electricity used to support the IS infrastructure
may not be captured within existing formulae for measuring EDM programs. In either case, the
decoupling of the utilities’ own demands and its effects within the broader system may result in

reducing the visibility and importance of the issue for utilities.

5.2.6 Summary of Results

By using the proposed conceptual model to guide the analysis of the field study, several
observations regarding the impact of new smart grid information systems and technologies on
EDM can be made. In summary, the study finds that information processing requirements for
many business processes, including EDM, are becoming more complex as a result of the smart
grid. By investing in smart grid technologies (such as AMI), utilities have acquired additional
information processing capacities with respect to data collection and communication, but
continue to struggle with processing capacities associated with data storage and analysis. Fit
between the information processing requirements and capacities appears to be an important factor
in EDM performance, and can be further enhanced through the utilities’ appropriation support for

customers. Finally, the increase in I1S-enabled information processing capacities is raising
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utilities’ internal demands for electricity and has the effect of reducing the net benefits of the

smart grid in respect of electricity demand-side management initiatives.

5.3 Informing the Results of Study 1

Having examined the results of the field study in the context of the proposed theoretical model,
the chapter now turns to the second objective of the qualitative field study; that is, to help inform
the findings of Study 1. Table 16 provides a reconciliation of the overlap for the first two studies
and a summary of their results. Overall, the results of Study 2 are generally consistent with the
findings of the first study. In Study 1, the results showed that, for both energy efficiency and load
management outcomes of EDM, net metering was positively related to performance whereas
smart metering was negatively related to EDM performance. In addition, the longitudinal
analyses showed no significant improvements in utilities’ EDM performance based on the length
of time (up to four years) that different metering technologies were in place. The qualitative
nature of the data in Study 2 enables a deeper exploration of the effects of smart grid technologies
on utilities” EDM processes and performance. In particular, the analysis is focused on

understanding the discrepant results found for net metering and smart metering.

As described in Chapter 3, smart meters and net meters share similar technological
characteristics. Both can provide automated, remote and interval readings, storage within a meter
data management system (MDMS), and two-way communications capabilities. The main
difference between these technologies is the ability of net meters to capture data on both
consumption and generation of electricity and provide a net measurement of electricity flows.
Despite these technological similarities, Study 1 revealed a significant negative relationship
between smart meters and EDM performance and a significant positive relationship for net
metering. A couple of possible explanations for these results were discussed in the previous

chapter and these are explored further using the rich qualitative data from this study.
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Table 16: Overlap Between Study 1 and Study 2: Propositions, Hypotheses and Findings

Initial Propositions Study 1 Hypothesis Study 1 Results Study 2 Results
P6: Investments in IS support for data collection Limited Support
will increase organizational information

processing capacities

P7: Investments in IS support for analysis will Insufficient
increase organizational information processing evidence
capacities

P8: Investments in IS support for communications Support

will increase organizational information
processing capacities

P9: Greater fit between information processing Limited Support
requirements and information processing
capacities will be associated with higher EDM

performance
H1: In organizations, higher levels of IS-enabled Supported for net
information processing capacities from the smart metering only
grid are positively related to EDM performance
H2: In organizations, higher levels of IS-enabled Supported for
information processing capacities from the smart smart metering
grid are negatively related to EDM performance only
P11: Time will moderate (strengthen) the H3: In organizations, the relationship between IS- Not supported No support
relationship between fit and EDM performance enabled information processing capacities and
EDM performance will become more positive over
time
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Both of the potential explanations discussed in Chapter 3 refer to the need for advanced
information processing capacities — both technological and organizational — in order to conduct
EDM. In other words, the information processing requirements of EDM are so complex that
utilities require the most sophisticated, highest level of I1S-enabled information processing
capacities in order to be effective. The findings from Study 2 only partially corroborate this
explanation. As discussed above, there was evidence in this study to support three of the five
propositions with regard to information processing requirements. Volume of data, types of EDM
strategies and ambiguity of customer response were seen to some extent as increasing the
complexity of this task. However, there is little evidence suggesting that the task of EDM is
becoming so complicated that it requires sophisticated information processing capacities only
associated with net meters. Also, if the information processing capacities of net meters were
beneficial to EDM performance, a similar (albeit lower) positive relationship between smart
meters and EDM performance would be expected because the features of the two are very close.
Alternatively, if common capacities such as two-way communication and data storage were not of
value, then there should be no significant relationship between smart meters and EDM
performance. In that situation, additional capacities could simply be shut off such that smart

meters would operate in much the same way as AMR devices.

However the negative results for smart meters suggests that the additional capacities may actually
be hindering utilities’ performance. In this study, there is evidence to support this argument. For
example, it was found that utilities are struggling to understand and make use of the new data

they are capturing through smart meters. One participant explained the challenge as follows:
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I think there [are] challenges in terms of sorting through the data

to get meaningful information, and | don’t think that many

utilities have cracked that nut. There’s just an awful lot of

information. What does it mean to me? And so just being smarter

about, you know, using the data that they have or that they’re

collecting to make decisions — | don’t think they’ve got their

head around what decisions that would support. They have it

already now. They have a lot of data, and they’re just not using

it, right? | mean, how does that help them to operate their system

better? (L1, Consultant)
In effect, the capacity for acquiring more and different data using smart meters is in itself creating
new information processing requirements and putting pressure on demand-side activities and
traditional business process. If these requirements are not met with additional analytical and
communications capacities then this results in information waste, inefficiencies and lower EDM

performance.

Although the above explanation helps to explain the negative relationship between smart meters
and EDM performance, it does not adequately answer the question of why the relationship was
positive for net meters. Based on a purely economic perspective, it could be argued that because
net meter customers are able to sell excess electricity, there is added financial incentive for them
to participate in EDM programs. By conserving energy through participation in EDM programs,
these customers would be able to sell more electricity back to the grid. Although there is merit in
this argument, the number of net meters is still very low, accounting for less than 1% of total
residential consumers in 2010. At this level of penetration, it is unlikely that the actions of a small
number of net metering customers would have such a substantial effect on the results observed in
Study 1. More importantly, the results from this field study point to other potential factors.

Specifically, the findings in relation to Proposition 3 (coordination between supply-side and
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demand-side management), Proposition 5 (uncertainty of customer response) and Proposition 10
(customer appropriation) provide useful clues for understanding the underlying mechanisms

influencing the results.

In Proposition 3, it was hypothesized that the increase in distributed generation would necessitate
a tighter coupling of supply-side and demand-side activities within utilities, thus increasing the
information processing requirements for EDM. One indication of the level of distributed
generation is the number of customers who have net meters because this means they are both
consumers and producers (“prosumers”) of electricity. Although support for Proposition 3 was
not found in the context of utilities” information processing, there is evidence that it may apply at
the customer level. In other words, prosumers require more information from the utility to help
them manage both sides of their interaction with the utility. Since the utility has the information
required by the customer, it must collect, process and communicate this information effectively to

the customer. One participant explained it this way:

If you’re going to do distributed generation, your customers have
to be on side to do distributed generation. They also have to
understand how their system works and how they can best
manage what they produce, and they also have to know that that
stuff’s going to need maintenance. And if we have an issue on
the system, we have to be able to take them off, we have to make
sure that they monitor the system on a regular basis, we need to
provide them with statistics, we need to provide them with their
usage consumption and all kinds of charts and whatever.
Customers are going to have to have tools on their side of the
fence to be able to see what they’re doing, move their loads,
change their habits, do something, otherwise they will not be
happy. And that’s the bottom line. (F1, Utility)
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When utilities have small numbers of prosumers (net metering) customers, it is possible for them
to manage these customers as exceptions or special cases. However, as distributed generation, and
thus net metering increases, manual processing becomes burdensome and utilities begin to
develop other (I1S-enabled, human and structural) capacities. The above quote refers to some of
these capacities, such as statistics, data visualization (charts), two-way communications for
monitoring, and other tools to help customers manage effectively. This quote also highlights the

importance of customer appropriation support, providing further support for Proposition 10.

To this point, it has been suggested that the information processing requirements for net metering
customers are higher than traditional consumer-only customers. Further, the findings are
consistent with the proposition that utilities with higher 1S-enabled information processing
capacities and which provide greater appropriation support to their net metering customers are
more likely to have higher EDM performance. One other observation, in respect to Proposition 5,
provides additional insight. As the earlier analysis suggested, ambiguity of customer response is
an important factor for increased information processing requirements associated with EDM. In
order to deal with this ambiguity, utilities are becoming more active in customer segmentation
and trying to provide differentiated service to best match the needs of different groups. Net
metering customers represent a distinct sub-segment of the utilities’ total customer population,
and arguably one of the most demanding in terms of information processing support from the
utility. Therefore, as utilities invest in net metering infrastructure, they are developing a range of
information processing capacities that can then be leveraged in EDM activities more broadly. In
other words, the higher demands and expectations of net metering customers forces utilities to

develop new business processes and internal information processing capacities in order to be
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successful. These new processes and the embedded capacities can then be used to support EDM
programs with other customer segments, resulting in overall EDM performance improvements. In
contrast, when utilities deploy smart meters broadly across their customer base, as evidenced by
the high growth in number of smart meters over the past four years, they are unable to capture

these benefits and are more susceptible to the risks of information waste.

5.4 Discussion

Three objectives motivated the execution of this qualitative field study. To this point, the chapter
has addressed the first two: examining the results vis-a-vis the proposed conceptual model, and
using the qualitative data to gain a deeper understanding of the findings of Study 1. The chapter
now turns to its third objective, namely to identify other emergent concepts that may be relevant

to the research questions posed in this dissertation.

5.4.1 Emergent Themes

Exploring the data outside of the initial conceptual model and the results of the first study of this
thesis, three particular observations come to the fore. First, the results of this study highlight that
there is significant turmoil within the power industry as a result of the smart grid. To view the
smart grid simply as technological modernization is to underestimate the level of upheaval it is
bringing to the industry. The transformation brought about by the smart grid represents an
institutional-level change: business processes at all levels of utilities will be altered, new business
models could emerge, new organizations may enter the field while some incumbents could
disappear. The qualitative findings suggest that EDM is in a period of significant flux as a result

of the smart grid and that there will be a period of significant upheaval and tension before a new
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stability is reached. Thus, the next phase of research should consider how utilities will manage

through both the technical and social dimensions of the smart grid transformation.

A second observation from this study relates to the implications of the smart grid across a wide
range of business processes within utilities. Earlier, the findings were discussed in the context of
the proposed conceptual model that focuses on EDM performance. However, the results suggest
that electricity demand-side management may be one of the later demand-side activities to be
affected by the smart grid, which would be consistent with the fact that utilities are primarily
motivated to implement smart meters for reasons other than EDM performance. As a result, it
may still be too early to fully assess the implications of the smart grid on EDM. Alternatively,
other activities on the demand-side, such as customer relationship management, customer service,
billing or outage management, may be impacted sooner. Accordingly, taking a more expanded
view of the totality of demand-side activities could provide deeper insights and implications of

the smart grid.

The third major theme emerging from this study is the concept of ‘big data’. Big data is less about
the accumulation of large volumes of data, and more “about a capacity to search, aggregate, and
cross-reference large data sets” (Boyd and Crawford, 2012, p. 663). As the amount of data
collected by organizations has exploded, the phenomenon of big data has started to catch the
attention of the IS community (e.g., Boyd and Crawford, 2012; Jacobs, 2009). Based on the
evidence in this study, it is apparent that big data is the new reality for utilities and that it is
driving large changes within these organizations. One participant reflected on the implications

this way:
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Then you move inside the organization, now you're talking about
"Oh, wow. Now we got all this data flowing in. What else does it
change in the way the organization works?" Well, now you're
getting into the customer service department, the people that deal
with us on a day-to-day basis, they send your bill, they answer
your questions. The dynamics of their job has changed
dramatically now for all kinds of different reasons. So they now
experience a huge change, and what that means is like, for
example, they're used to you go out there, the technician, he goes
and takes a meter read, he writes it down, he comes in, he hands
it to them, or in some format — they may scan it in — and they just
take your read and you send out the bill and everything's... Well,
that's all changed, because now the guy's not doing the read
anymore, plus you don't just have one every month or every two
weeks, you've got 24 per day coming in. (H1, Vendor)

Although there remains some debate about the need for large volumes of data to conduct present-
day EDM, the new data available through smart grid technologies will create opportunities for
innovative EDM programs and strategies. In addition, the influx of data is ushering in a changes
to how utilities view and interact with their customers. These opportunities will continue to
evolve and may ultimately require different information processing capacities and business
processes. For instance, uncertainty of customer responses will lead to greater profiling of
customer behaviors and targeted appropriation support strategies. These changes will require new
data, different types of analyses, business processes, and a range of communications media and
strategies if utilities want to maintain and enhance their performance. Research suggests that if
organizations do not find ways of effectively managing this big data, not only technologically but

also organizationally, their performance and survival may be at risk (Jacobs, 2009).

In the electricity sector, the conflicting impacts of metering technologies on EDM performance

may provide evidence of this big data challenge being played out within utilities. Thus, as this
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research moves into its final study, adopting the lens of big data could advance our understanding

of the impact of IS on utilities’ demand-side activities and performance.

5.4.2 Limitations

Although this study provides new insights related to IS in the smart grid, it is not without
limitations. Most importantly, the study involved a relatively small number of participants and
organizations. As a result, the ability to generalize the results is limited and the findings should be
considered as indicative rather than definitive, particularly in relation to support for the
propositions. Future research (outside of this thesis) would be needed to further refine and test the
conceptual framework as set out in Chapter 3. A second limitation of this study relates to depth at
which emergent themes are explored. Through the rich qualitative data obtained in the field
interviews, this study identified a number of potentially relevant emergent themes. However, the
discussion of these themes is meant to highlight these as potential areas for future investigation
and therefore does not expand on them at a detailed level. In addition, given that this study relies
extensively on the previous work of this thesis, it is somewhat biased toward the OIPT
perspective. Examining the data from other theoretical perspectives would likely provide

alternative insights and emergent themes.

5.5 Summary

This chapter reports the results of the second study of this thesis. In addition to providing a
preliminary review of the proposed conceptual model, the findings of this qualitative field study
help to inform the results of Study 1 and identify three emergent themes that are relevant to
understanding the implications of the smart grid on utilities” demand-side activities. The next

chapter delves deeper into these findings and themes and reports on the results of a grounded
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theory study based on the experience of one utility considered to be a leader in the deployment of

the smart grid.
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Chapter 6

Study 3: Grounded Theory

In the first two studies of this thesis, organizational information processing theory (OIPT) was
used to explore the relationship between the smart grid and utilities’ performance with respect to
conservation and demand-side management. These studies indicate that smart grid technologies
such as advanced metering infrastructure (AMI) may have positive and negative effects on a
utility’s performance. As identified in the field study, an emerging phenomenon known as ‘big

data’ may lie at the heart of these conflicting effects. data,.

Advances in the physical capabilities of information technologies that allow organizations to
quickly collect and store large volumes of data have triggered what some describe as a new era of
“big data” (Briody, 2011; Meijer, 2011). Big data is seen as a strategic asset that organizations
can leverage to enhance their competitive position. The anticipated benefits of big data to
organizations include operational efficiency, data-driven strategic decision-making, improved
customer service, and greater insights for the development of new products and services (Briody,
2011). Research suggests that data-driven decision-making can help to improve a company’s
productivity by 5-6% (Brynjolfsson, Hitt and Kim, 2011) and big data has been touted as a
potential solution to fixing Canada’s productivity woes (Rechan, 2012). But, what is big data and

why is it different?

Typically the word ‘big’ conjures ideas of size. However, this is not necessarily a meaningful

yard stick for data because the size of data stores continues to increase. For instance, what was
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considered ‘big’ data 20 years ago is now considered relatively small (Jacobs, 2009). The
perception of big data also depends on its situation of use; a large data set that may not be
considered big in one context (such as a supercomputing research lab) may very well be
considered big in another, such as a corporate IT organization. Therefore, recognizing both the
situational and temporal contexts, big data can be defined at any point in time as “data whose size
forces us to look beyond the tried-and-true methods that are prevalent at that time” (Jacobs, 2009,
p. 44). Contemporary challenges of big data relate to the volume of data (e.g., small to very
large), the variety of data types (e.g., structured/unstructured, flat/nested), and the velocity of data

creation and acquisition (e.g., real-time, streaming, push or pull) (Meijer, 2011).

In general, data collection and storage are not the primary technical challenges of big data.
Problems more often occur with processing, analyses and extracting useful information out of the
data that is put into a system (Jacobs, 2009; LaValle, Lesser, Shockley, Hopkins and Kruschwitz,
2011; Meijer, 2011). As such, IS capabilities related to analytics (Jacobs, 2009; Nastase and
Stoica, 2010) are becoming essential, and the computing and IT fields are actively involved in

developing new tools and approaches for dealing with today’s big data (Meijer, 2011).

Although topics such as data quality, data mining, and business intelligence, and analytics have a
long history in the IS scholarship, there has been little academic consideration of the social and
organizational implications of big data. One exception is the work of Boyd and Crawford (2012)
that characterizes big data as a socio-technical phenomenon involving an interaction between
technology (e.g., storage and computational power), analysis (e.g., data mining), and mythology

(e.g., beliefs around the attributes and value of big data). Instead of viewing data simply as benign
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resource to be exploited by organizations, big data can manifest in a variety of forms from a
highly useful decision-making tool on one hand, to a troubling situation of ‘big brotherism’ on the
other (Boyd and Crawford, 2012). The authors highlight several areas in which big data calls into
question conventional beliefs about information in organizations. In particular, they suggest that:
big data changes the definition of knowledge; that claims of objectivity and accuracy may be
misleading with respect to big data; big data are not always better data; big data loses it meanings
when taken out of context; big data may create ethical concerns and new digital divides (Boyd

and Crawford, 2012).

Given that the smart grid could result in a nine-fold increase in the amount of data available to
utilities (Ambrosio, 2011), how these organizations deal with both the technological and social
aspects of big data will influence their short and long-term success. Organizational information
processing theory goes some way to explaining the conflicting performance implications of the
smart grid on utilities, and on the technical side, new solutions for business analytics are already
in progress (Gomes, 2011; Jacobs, 2009). However, little is known about the social side of big
data and the underlying mechanisms by which utilities address the organizational (social)
challenges associated with the deployment of smart grid technologies and influx of big data.
Motivated by these observations, this study applies a grounded theory approach (Corbin and
Strauss, 2008) in order to uncover new theoretical insights in relation to the following question:
how do utilities transitioning to the smart grid manage their internal social processes and systems

in order to maintain and enhance their performance?
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In the next section, the grounded theory methodology® employed in this study is described. Then,
the chapter presents the findings of the study which suggest a model of dynamic stability in which
three big data frames of reference — opportunity, control and data limitation - interact to allow
utilities to pursue innovation within tradition. Following presentation of the grounded theory, the
initial conceptual model is revisited in light of the eUTtilityCo data. The chapter concludes with a

discussion of the implications and contributions of this study.

6.1 Study Methodology

Grounded theory is an inductive research methodology from which theoretical discoveries
emerge from (are grounded) in the data (Myers, 2009; Urquhart, Lehmann and Myers, 2010). In
this approach, researchers become immersed in a constant dialogue with the data in order to
discover within it a core category, or central theoretical formulation, about that which is being
studied (Corbin and Strauss, 2008; Jones and Noble, 2007). Originally introduced in 1967 (Glaser
and Strauss, 1967), the grounded theory methodology has evolved resulting in two main variants
associated with each of the original authors (e.g., Glaserian and Straussian schools). These
approaches differ on a number of dimensions, such as the researcher’s interaction with previous
literature and the application of analytical tools (Jones and Noble, 2007; Myers, 2009), and which

make them substantially different research methodologies (van Niekerk and Roode, 2009).

On one side, the Glaserian approach dictates that the theory must truly emerge from the data

without bias. Thus, the research does not start with a specific research question, but rather

® This study was approved by the General Research Ethics Board under file GBUS-342-12; Romeo
#6006731. Refer to Appendix 3, Part 1 for Approval Letter.
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identifies and area of general concern and interest in investigating (van Niekerk and Roode,
2009). In addition, researchers following a Glaserian approach should not seek out theories from
the literature prior to engaging in grounded theory, but delay reading the literature until the
emergent theory is sufficiently formed (Jones and Noble, 2007; van Niekerk and Roode, 2009).
Glaser’s approach to grounded theory emphasized the importance of conceptualization and
developing theory at an abstract level (van Niekerk and Roode, 2009). This conceptualization
process is facilitated through a three-step coding process involving open, selective and
theoretical coding that researchers must follow in order to allow the theory to emerge from the
data (Jones and Noble, 2007; Myers, 2009). Although less popular than the Straussian approach,
the “strength of the Glaserian grounded theory method lies not only in its rigour of following
systematic rules to derive at the theory, but also in its flexibility and creativity when the

researcher needs to conceptualize” (van Niekerk and Roode, 2009, p. 98).

Although the Staussian approach also views its key objective as deriving theory from data, it
takes a different approach to defining the research, approaching the literature, data coding and
analyses. For instance, the Straussian school suggests that a researcher’s previous knowledge can
be helpful in the analysis process to question the data (Corbin and Strauss, 2008; Jones and

Noble, 2007). With respect to analyses, the Straussian approach is also more flexible, presenting a
set of tools that researchers can apply to varying degrees throughout the process as appropriate
for their research questions and data (Corbin and Strauss, 2008; Jones and Noble, 2007). This
study adopts a Straussian approach, based on the most recent work of Corbin and Strauss (i.e.,

Corbin and Strauss, 2008) and the specific methods are discussed further below.
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Corbin and Strauss have attempted to make the grounded theory methodology more accessible to
researchers by publishing “how-to” guides for grounded theory (e.g., Corbin and Strauss, 2008;
Strauss and Corbin, 1990). Although their work includes a collection of analytical tools and
procedures, the authors emphasize that their work is not directive. Most importantly, grounded
theorists must maintain a constant interaction between the data and the analysis allowing
theoretical insights to emerge from the data (Corbin and Strauss, 2008). Grounded theorists are
interested in how people (or groups of people) experience events, paying particular attention to
the context in which they are embedded, the processes of action, interactions and emotions in
response to events, and the consequences of those responses which trigger the next sequence of
action. Because grounded theory embraces the complexity of human experiences, researchers in
IS have applied the grounded theory methodology to investigate a variety of questions associated
with the effects of information systems in organizations (e.g., Orlikowski, 1993; Vannoy and

Salam, 2010) .

6.1.1 Use of Literature

Although grounded theory relies on the data to develop theoretical insights, Corbin and Strauss
(2008) recognize that a researcher approaches the data with an accumulated knowledge of related
literature. This knowledge can be used to support the interpretation and analysis of the data in the
theory building process, but the researcher must avoid being constrained by a particular theory or
previous study so that new concepts and connections can emerge (Corbin and Strauss, 2008).
Therefore, although OIPT was used as a framework for the first two studies of this thesis, it has
been set aside in this third study (it will be revisited at the conclusion of the chapter). In other

words, this study is approached with a theoretically clean slate. As analyses progressed, relevant
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streams of research (as discussed below) were used for comparisons in an iterative process of data

collection, analysis and theory building (Corbin and Strauss, 2008).

6.1.2 Site Selection

The selection of a research site for a grounded theory study is driven largely by the motivating
research question (Corbin and Strauss, 2008). In this study, the interest is in understanding how
utilities can successfully manage the social aspects associated with influx of big data resulting
from the deployment of smart grid information technologies and systems. Thus, it is essential that
the study be set in the context of such an organization. From the list of utilities complied in
relation to Study 2, several potential research study sites were identified. One, eUtilityCo (a
pseudonym)’, was approached by the researcher because of its recognized leadership in the
deployment of smart grid technologies and agreed to participate. eUtilityCo is an Ontario,
municipally-owned electricity utility, servicing over 100,000 residential customers in a
predominantly urban/suburban area. For this study, the focal project involves eUtilityCo’s
deployment of smart meters and time-of-use pricing to its residential customers (the “core
project”). As suggest in the literature (e.g., Ambrosio, 2011; Gomes, 2011) and results of Study 2
(Chapter 5), the deployment of smart meters enables the collection of unprecedented levels of
new data for utilities. Therefore, this study takes the position that big data co-occurs with smart
meters and references to the core project or smart meters may similarly refer to big data unless

otherwise specified.

" The company name, certain identifying characteristics, and all participants’ names were disguised in order
to protect participant confidentiality.
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The core project was officially initiated by the Ontario government in 2006 when it mandated that
eUtilityCo (and twelve other utilities) would be early adopters of smart meters in the Province.
The core project lasted approximately four years from the summer of 2007 when eUtilityCo
formed its steering and working committees, to the summer of 2011 when substantially all of its
residential customers had been transitioned to time-of-use pricing. Because antecedents and
effects of change are not necessarily limited to the duration of a discreet project definition
(Corbin and Strauss, 2008), the analysis for this study begins at August 14, 2003 (the date when
Ontario was hit by a major blackout across the grid) and continues through the summer of 2012, a
full year after the initial project was completed. A timeline highlighting major events is included
in Figure 5 and summarized in Appendix I. Because of the heavy influence of industry regulation
on the core project, these dates are illustrated in the top portion of the timeline, with the key
milestones for the core project and other activities included below. Even with this extended
analytical frame (both in terms of time and organizational activities), it is important to

acknowledge that implications of the project are still evolving
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Figure 5: Sequence of Major Events
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As a result of its performance in the core project and related activities, eUtilityCo has been
recognized as an industry leader with respect to the smart grid. The utility has received various
awards locally and internationally, and has participated in industry smart grid conferences as an
exemplar case study. Although the eUTtilityCo case may not be representative of all utilities,
studying the case of a successful early adopter of the smart grid will provide unique insights

(Pare, 2004) into how challenges are overcome in order to ensure organizational performance.

6.1.3 Data Collection and Theoretical Sampling

Primary data collection was conducted through semi-structured interviews with eight participants
involved in the core project. These participants represent the main contributors to the core project,
spanning the organizational hierarchy from the most senior executive (project sponsor) to the
front line staff member. The participants included all members of the core project working
committee and represent a cross-function of departments, including IS, customer service, billing,
and metering. All of the participants, except one, were internal to the organization, thus providing
the “insider’s” perspective (Vannoy and Salam, 2010) of the core project. The one external
participant was a consultant, retained on a full-time basis by eUTtilityCo during the project. As
such, this participant provides insights that bridge the internal and external perspectives (Chen,

Farh and MacMillan, 1993).

Data were gathered through nine face-to-face interviews. The interviews were loosely structured
to allow participants to reflect on the experience holistically and lead the conversation to those
aspects which they felt were most relevant. This is consistent with the grounded theory approach
(Corbin and Strauss, 2008). A copy of the general interview guide is included in Appendix J. The
interviews ranged from 45 minutes to 3.5 hours depending on the level of involvement of the

143



participant in the core project. The interviews were done over a period of eleven months (July
2011 to June 2012) which allowed time between interviews for analyses. Follow-up interviews
were conducted with two participants. Each interview was audio-recorded with the participant’s
permission and then transcribed verbatim. This resulted in 277 pages of 1.25 line spaced
transcripts. In the course of the interviews, the researcher obtained copies of eUtilityCo’s annual
reports for 2004-2012 (inclusive), five internal documents and five external presentations and

case studies in relation to the core project. These were also incorporated into the analysis.

There was an iterative approach between data collection and analysis. Subsequent interviews
probed for details related to concepts that emerged during previous interviews and analysis. This
method of theoretical sampling is an essential characteristic of the grounded theory approach
(Corbin and Strauss, 2008; Suddaby, 2006). Theoretical sampling in grounded theory differs from
sampling techniques common in quantitative research. Whereas statistical analysis relies on
random samples of sufficient size in order to test and identify significant effects, theoretical
sampling refers to “concept directed data gathering and analysis” (Corbin and Strauss, 2008, p.
150). In other words, data collection is an iterative process in which concepts identified in the
analyses are used to drive future data collection. Even in the situation where data have previously
been collected, concepts and questions derived in the analysis may lead the researcher to return to
previously analyzed data. Final integrative analyses and theory refinements were conducted at

the conclusion of the majority of the interviews and collection of documentation.

To supplement the primary data, secondary data were collected from a variety of sources

including an extensive search of public documents related to eUtilityCo. Using Google, a search
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was conducted that involved using eUtilityCo’s name in conjunction with other keyword terms
including “smart grid”, “smart meters”, “time of use”, “advanced metering infrastructure”, “home
area network” and “renewable energy”. In total, the search and retrieval of secondary data
resulted in the collection of 149 documents as follows: 10 regulatory filings and/or decisions; 8
third-party media reports and articles, and 131 press releases. These documents were used to

provide context in relation to the core project, construct the timeline and event analyses, and for

data questioning and triangulation (Corbin and Strauss, 2008).

6.1.4 Analyses

Following the procedures recommended by Corbin and Strauss (2008), a number of different
strategies were employed for analyzing the data for context, process and theoretical integration.
Although previous versions of the grounded theory methodology refer specifically to phases of
open, axial, selective and theoretical coding (Strauss and Corbin, 1990) and are used in the
literature (e.g., Orlikowski, 1993; Vannoy and Salam, 2010) those terms (in particular axial and
selective coding) have been de-emphasized in the most recent version of Corbin and Strauss’s

(2008) work.

Analysis of the data proceeded through three main phases. Although initiated sequentially, the
analysis iterated between phases and at times occurred in parallel as new data were gathered and
analyzed. In the first phase of analysis, the data were analyzed for concepts and categories
(higher-level concepts). A main part of this process involved questioning the data in order to
interpret the central meaning of the data. Examples of some early data questioning with respect to

major events is shown in Appendix |.
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The second phase of analysis involved elaborating the analysis (Corbin and Strauss, 2008).
Conceptual comparisons across the data (e.g., comparing concepts against each other and
themselves at different occurrences) were used in order to achieve a rich description of the
concepts and categories. The data were also analyzed for context and process (Corbin and
Strauss, 2008). Contextual elements, such as the history the electricity industry, the political
environment, and regulatory conditions for utilities, have significant influence on the actions of
eUtilityCo and must be considered in the analyses. Analyzing for process involves examining the
ongoing flow of action, interactions and emotions that occur in response to events, and helps to
illustrate how the organization and individuals respond to and manage changing conditions. To
examine context and process, a detailed timeline of events was constructed in which internal
project events and decisions were juxtaposed with external events. This allowed patterns of

behaviours to emerge and connections to be made with respect to context and process.

In the final stage of analysis, the researcher worked closely with the data to identify the core
category and to develop theoretical integration between the categories (Corbin and Strauss, 2008).
Throughout the analytical phases, memos were created to facilitate reflection and to capture
emergent insights and ideas. These analytical memos built upon the data and each other as
theoretical integration progressed. As suggested by Corbin and Strauss (2008), the analysis
concluded when the researcher felt that the core category was fully developed and that the

theoretical story was complete and ‘felt right’.

6.1.5 Validation

There are several criteria used to evaluate grounded theory research. These relate principally to
the rigor and validity of the data analysis and the extent of theory produced (Myers, 2009). In the
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first case, the research should demonstrate a clear chain of evidence that links the findings with
the data, such as through the use of quotes, and the researcher should demonstrate familiarity with
the field (Myers, 2009). In the results section below, illustrative quotes are included to
demonstrate the link between the data and conceptual development. In addition, examples of the
analytical techniques, such as questioning data (Appendix 1) and memos (Appendix K) are
shown. With respect to the second criterion in relation to the theory produced, the study should
create hypotheses about the phenomenon or theoretical generalizations that extend beyond the
particular context of the study (Myers, 2009). As discussed below, a process model emerges from
the findings to help explain how dynamic stability in associated with frames of reference and

contributes to maintaining and enhancing organizational performance in the face of big data.

6.2 Case Description

As noted, the core project, involving the deployment of smart meters and conversion of
residential customers to time-of-use pricing, spanned approximately four years between mid-2007
and mid-2011. The need for the project was triggered in March 2006 when Royal Assent was
given to the Energy Conservation Responsibility Act. This law paved the way for further
regulations requiring utilities in Ontario to deploy smart meters to all residential customers by the
end of 2010. In addition, the law allowed for conservation targets to be issued to utilities as a
condition of their licenses. However, the story begins prior to the passage of this law (refer to

Figure 5 for timeline).

In August 2003, Ontario (along with several states in the North Eastern United States) suffered
one of its most significant power outages in history. Although the cause of the outage was

unrelated to demand conditions, this event highlighted the fragile state of the outdated electricity
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grid and the potential risks associated with maintaining the status quo. At the same time,
advances in information systems and technologies were giving rise to the concept of the smart
grid, with smart meters being at the forefront of attention. The combination of these two forces,
plus political and economic considerations, led the Ontario government to begin formulating its

strategy for the smart grid in Ontario.

eUtilityCo was typical of the approximately 90 Ontario utilities existing at the time: a century-old
organization with long-tenured staff and a culture focused on the safe and reliable distribution of
electricity to its customers. Partial market deregulation in 2001 had brought substantial change to
the industry as the provincial monopoly was broken up, smaller utilities merged, and electricity
resellers were allowed to enter the market. Attentive to changing conditions, eUtilityCo began to
work internally and engage with the government to understand and shape the parameters of the
smart meter implementation plan. Internally, the organization was also investing in other IS
activities such as providing customers with online account access and upgrading their customer
information system (CIS). With respect to demand-side management, eUtilityCo made calls
through the media for consumption reductions during peak-use periods (e.g., hot summer days)
and their conservation programs were primarily educational. In 2005, the Coalition of Large
Distributors was formed (of which eUtilityCo was part) with the objective of promoting energy

conservation and collaborating on the smart meter initiative.

In 2006, with the passage of the law and more details in place regarding the smart meter
implementation plan, eUtilityCo moved into the next stage: deployment of smart meters. Based

on its size, eUtilityCo was appointed by the government to be an early adopter. This meant that it
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was allowed to pilot test different configurations and vendor solutions. eUtility engaged an
external consultant in late 2006 to help with the evaluation and selection of potential metering
solutions (advanced metering infrastructure, or AMI) and decided to pilot three vendors. By mid-
2007, the internal project team was formed. The key feature of this team was its cross-functional
composition as it included representatives from all of the major business areas. The head of the
team (and project sponsor) reported directly to the CEO of eUtilityCo. Later that year, eUtility
laid out a three-year plan for deploying smart meters to all residential customers, began
documenting affected business processes (particularly billing), and started preliminary testing
with the provincial Meter Data Management and Repository (MDM/R). As part of the new
regulations, it had been specified that in relation to billing, all utilities in Ontario would use the
MDM/R system, a system centrally managed and maintained by the Smart Metering Entity.
Another core tenet of the deployment strategy was an extensive communication program with

customers in order to prepare them for the changes in meters and billing schemes.

Outside of the core project, eUtilityCo continued to improve its IS capabilities in the form of an
operational data store (ODS) and outage management system (OMS). The OMS allowed
automated outage notifications to customers (through the telephone and internet). The company,
in partnership with others, also initiated a residential PeakSaver pilot program through which it
reduces energy demands during peak periods by automatically controlling household appliances.
A similar program was in place for large commercial and industrial clients and was first triggered

in the summer of 2007.
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Through 2008 and 2009, the core project was in full force. Using outside service providers,
eUtilityCo engaged in an aggressive deployment of smart meters. From the customer’s
perspective these meters initially acted in much the same way as traditional meters because
billing continued to be based on flat rate consumption. However, eUtilityCo began to collect and
store more granular, hourly usage data. These data were used in part for testing of the processes
with the MDM/R, but also were fed into eUtilityCo’s ODS to be used for other purposes. Because
of the delay between the deployment of meters and conversion to time-of-use rates, organization
was able to collect two years of consumption data from their customers, which were analyzed by
eUtilityCo to determine which customers were likely to see increases in their electricity bills and
which ones were not. In 2008, eUtilityCo brought on additional consultants to support the core
project, specifically in the areas of project management, business process design, and employee
training. Later that year, the company began training front-line staff on the new metering and
billing processes and began small-scale pilots of processing customer bills through the MDM/R.
Throughout the deployment of smart meters, eUtilityCo invested significant time and effort into
customer communications to prepare them for the change and reduce potential resistance. Work
continued on the redesign of other business processes (in total over 120 different processes were
affected) and system integration testing with the MDM/R. Through the project, eUtilityCo

invested heavily in testing at all stages.

While much of the eUtilityCo’s attention during these two years was focused on the core project,
notable milestones were achieved in other areas as well. In 2008, eUtilityCo triggered the
residential PeakSaver program for the first time and achieved its objectives of reducing loads

during the critical demand period. On the IS side, integration between smart meter outage
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management data (e.g., meter last gasps) and the geographical information system (GIS) was
implemented providing better operational efficiencies with respect to power outages and system
maintenance. This was identified as one of the most substantial benefits of the smart meters for

the utility.

Through 2010 to 2012, the most difficult work associated with the core project was mostly
completed. As mandated, eUtilityCo completed the deployment of residential smart meters (with
minor exceptions) by the end of 2010. The company also substantially met its mandated target
date (mid-2011) for having all residential customers transitioned to the MDM/R billing processes

and time-of-use billing.

Overall, the core project was considered highly successful both within and outside the company.
Not only did eUtilityCo meet the target dates, the project also achieved a relatively low average
cost per customer as compared to other utilities in Ontario and globally. Customer satisfaction
with eUtilityCo remained high and the company managed to avoid the horror stories of customer
backlash that were lived by some other utilities. eUtilityCo was also able to capitalize on the
collection of meter data to achieve significant operational efficiencies in outage management.
With smart meters in place and the core project completed, eUtilityCo is now looking to
capitalize further on its investments by extending demand-side management capabilities (e.g.,
PeakSaver Plus program), a pilot of home area networks, electric vehicles, and other operational

applications of the new information and smart technologies.
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6.3 Results: Developing an Emergent Theory

As evident from the case description, many stories could be written about eUtilityCo’s experience
deploying smart meters. There are elements of organizational transformation, technology
adoption, learning and innovation, and business process management. Yet, as the researcher
interacted with the data, the main story that emerged was one of paradox and organizational
tensions at multiple levels. In questioning the data, a central question continued to rise to the
surface: how was it that eUtilityCo managed to succeed with such a major transformation, when
the industry culture, history, organizational systems and structures seemed to be highly
entrenched? Going back to 20086, it appeared that all Ontario utilities would face significant
challenges meeting, let alone exceeding, the government mandates. Using the flip-flop technique
in which a concept is turned ‘inside out’ in order to obtain a new perspective (Corbin and Strauss,
2008) the researcher came to realize that the answer may not relate so much to success in spite of
tradition, but success because of tradition. With this realization, the core concept of dynamic
stability - a paradox in which innovation coexists with tradition — emerged. Before elaborating on

the emergent theory, it is necessary to situate the eUtilityCo experience in the context of big data.

6.3.1 Big Data

Although it was the deployment of smart meters and a new pricing regime that was mandated by
the Ontario government, the analyses of the eUtilityCo experience reveal that it was more about

data, specifically big data. As one participant reflected:

We’ve had an ODS since 2006 because we know how to change
out meters but we didn’t know if we could do all these other
aspects correctly from meter data capture to accurate bill. (P5)

As the above quote indicates, utilities know how to switch out meters. As a mechanism for

tracking customer consumption, utilities have deployed, maintained, changed and upgraded
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meters for decades. Even time-of-use pricing is not entirely new to utilities. One participant in
particular recalled reading time-of use meters fifteen years previously when they were available
to customers on a voluntary, opt-in basis. What was fundamentally new for eUtilityCo (and
utilities in general) was the enormous amount of new, real-time data that became available as a
result of the smart meters. As the analyses progressed, it became clear that this was not an
ordinary data management problem, thus leading the researcher to investigate the literature on big

data (see Appendix K for a sample analytical memo on data).

According to the definition of big data presented in the introduction to this chapter, it is a concept
highly influenced by it context (Jacobs, 2009). Factors such as volume, type and velocity of data
(Meijer, 2011) contribute to the need to go beyond current practices (Jacobs, 2009) for dealing
with big data. The approaches for dealing with big data span both the technological and social
(Boyd and Crawford, 2012). At eUtilityCo, the “tsumani of data” (P5) flowing into the
organization was predominately viewed as a valuable resource for the business, not just in the
domain of customer billing, but extending into other business areas. Capitalizing on the smart
meter investment meant using and reusing the data in new ways across the business. One area in

particular that benefited from the metering data was outage management:

I think in earlier days we were figuring out, "Well, what's
actually available to us now?" One of the very best things, of
course, was outage and power quality data that we never had
before. Suddenly you had information from the premise level.
All we'd ever had before was at the feeder level. There's 2,500
customers roughly per feeder. So our SCADA enunciation kind
of tells you what's happening there but you're blind beyond that.
With the installation of a smart meter, suddenly you had a
remote data acquisition tool that only cost $65 that tells you
literally what's happening at the premise. (P5)
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However, to capture the advantages of this data, eUtilityCo’s traditional practices were
challenged in numerous ways. Perhaps the most significant was the impact on business processes.
Virtually all business processes within eUtilityCo (over 120 in the core project) were touched in
some way by the implementation of smart meters and it was the data and data requirements that

largely drove these changes.

Need for business process development is driven by fact that the

systems interacting (i.e., MDM/R, AMI, CIS) will handle data

differently (Documentation)
Understandably, the government’s decision to have one centrally managed MDM/R placed
constraints on eUtilityCo’s response to the influx of data. However, somewhat ironically,
characteristics of the data that were viewed as adding to the intelligence of the smart grid at times
made it seem dumb and inflexible. For instance, once eUtilityCo began collecting more granular
hourly consumption data or other data on power quality from premises, it needed to ensure that
the process was not interrupted, or if interrupted, that appropriate checks and balances were in
place. In the traditional billing approach, the data were self-correcting in that new meter readings
could be taken at any time to provide consumption information. With smart meters, however, it is
difficult to retroactively measure consumption in the event that a meter communicates incorrectly

or not at all. Therefore, the dimension of time, with respect to billing, meter changes, or service

changes became critical whereas in the past it had been less consequential.

Hard part was making sure the data was right, actually. Getting
all the processes in place, making sure everyone... the CIS was
changed properly, because we went from a system that was very
forgiving, being the fact that the old meters, if we missed the
read, estimated it wrong, it was self-correcting. There [were] all
the processes that were in place for the last 50 years. Now we're
changing business processes. Now we have to worry about two
decimals. Now we have to make sure that we have the right
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meter on at the right customer at the right time. We have to make
sure that the meter changes happen in a timely manner. (P4)

The net result of these new characteristics of the data streams was that people within eUtilityCo

had to learn how to “think differently” (P3) about a task at hand.

In sum, the big data afforded by the smart meters provided eUTtilityCo with significant
opportunities for innovation beyond the limits of the mandate to implement time-of-use pricing.
However, technical issues associated with integration systems, and more substantially, social-
organizational issues around business process and approaches to tasks and stakeholders, forced
the utility to move beyond their traditional approaches and expertise. In the next section, the
mechanisms by which this was done are further elaborated in the discussion of the paradox of

dynamic stability and big data frames of reference.

6.3.2 Organizational Tensions and Paradoxes

A paradox is defined as “contradictory yet interrelated elements that exist simultaneously and
persist over time” (Smith and Lewis, 2011, p. 382). Unlike dilemmas that involve competing
choices, or dialectics that are resolved through integration, paradoxes recognize the necessity of
contradictory elements and value the elements separately and collectively (Smith and Lewis,
2011). In the midst of tremendous change and transformation brought on by the mandate to
implement smart meters, eUtilityCo remained true to its traditional core mission of providing

electricity safely and reliably to its customers.

The idea that organizations face competing tensions and that these paradoxes influence
performance and organizational sustainability has a rich history in the literature (Smith and

Lewis, 2011). Four categories of organizational tensions have been identified: belonging,
155



learning, organizing, and performing (Smith and Lewis, 2011). Belonging paradoxes arise when
there are tensions of identity between the individual and the collective. Learning paradoxes
surface as dynamic systems change, renew and innovate, and are identified as tensions between
radical and episodic change. Organizing paradoxes occur when complex systems create
competing designs and processes to achieve desired outcomes, such as the necessity for both
control and flexibility within manufacturing processes. Performance paradoxes come from the
multiplicity of stakeholders with competing objectives and goals (Smith and Lewis, 2011). In
addition, tensions can cross these four categories creating more complex and multi-layered

paradoxes through which organizations must navigate (Smith and Lewis, 2011).

At eUtilityCo, the necessity to implement smart meters created a number of new and
contradictory tensions for the organization. These tensions cut across three main dimensions —
organizing, performance and learning — and divide into two main themes: tradition and innovation
(Table 1). At the time of the blackout that hit Ontario in August 2003, eUtilityCo was typical of
municipal electricity utilities in the province. With a geographical monopoly, its main objective
was to safely and reliably provide electricity to its local customers. To support this performance
goal, the utility utilized a top-down command-and-control organizing structure. Electricity was
generated at large central facilities and then fed out across the wires to customers. As long as the
power was on and the prices were low, customers were satisfied. Changes in the pre-smart grid
environment (with the possible exception of changes associated with market deregulation) were
typically incremental and took time to implement, in part because of regulatory constraints, but
also because much of the physical infrastructure of the electricity grid had been in place decades

before.
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The government decision to move forward with smart meters, which most utilities could not cost
justify and were not ready for, put pressure on traditional values and organizational elements.
Unlike incremental changes of the past, the changes associated with the smart meters were
extensive and radical. Participants remarked how both eUtilityCo, down to the level of business
processes, and the industry itself were being transformed. In addition, new performance targets
with respect to conservation (and subsequently, renewable energy) were placed on utilities.
Although it was intended that these new responsibilities would provide increased stability and
sustainability for the grid in the long term, the implementation of these programs required new
approaches and focus within utilities in the short term. Finally, the onslaught of big data,

particularly on the demand-side, meant new ways of interacting with customers.

Although tensions across these three dimensions, there was little evidence of tensions associated
with belonging, such as competing identities between individuals and the organization.
Participants consistently expressed a high degree of cohesion with their colleagues, as one

participant explained:

When we say we check our titles at the door, we really do check

the titles. It's not, "Well, I'm manager of CIS. | need this". No,

it's [an individual] going over and saying, "Look, here it is," to

whoever it is, and getting it done. We just work well together.

There's no egos. (P4)
In addition, there was a collective shared identity with the organization. For instance, when
speaking about the company, participants used the terms “we” or “us” and “our customers” or
“our processes” rather than referring to the company in the third person or as something separate

and distinct from themselves. This attachment may be explained in part by the long-tenure of

many employees. For instance, among the interview participants, the average tenure at eUtilityCo
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was about 20 years. In several cases, participants described being at the company “forever”. Over
the years, the employees’ personal identities seem to have become highly aligned with the

identity of the organization.

[eUtilityCo] has some very, very dedicated, customer-oriented
staff that are more than willing to work as team members. And
basically, yeah, it's get down and dirty and get the work done and
work together to get it done. People are very proud of their
accomplishments here. (P3)
As discussed further below, this lack of tension in belonging plays an essential role in providing

the stability to the organization to allow it to innovate and transform in the core project.

6.3.3 Models of Paradox

To deal with the challenge of organizational tensions, Smith and Lewis (2011) propose a dynamic
equilibrium model. In this model, dynamic equilibrium is viewed as an organizational state where
there is “persistence of conflicting forces and purposeful, cyclical responses over time that enable
[organizational] sustainability” (Smith and Lewis, 2011, p. 386). The model suggests that
organizations are embedded with latent tensions that gain salience based on environmental factors
and actors’ paradoxical cognitions. Once paradoxes become salient, individual and organizational
factors can create vicious or virtuous cycles. In virtuous cycles, there is acceptance of paradoxes
and then resolutions which are necessary for short term-peak performance and long-term survival

of the organization (Smith and Lewis, 2011).
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Table 17: Organizing Tensions at eUtilityCo

Category Organizing \ Performing Learning
Description* | Structuring and leading Plurality fosters multiple | Efforts to adjust,
foster collaboration and and competing goals as renew, change, and
competition, stakeholders seek innovate foster
empowerment and divergent organizational tensions between
direction, and control and | success building upon and
flexibility destroying the past to
create the future
Tradition Monopoly, top-down Safe and reliable Incremental
command-and-control distribution of electricity | improvements and
approach innovations within the
existing, century-old
grid network
Innovation | Arrival of new entrants to | Reducing environmental | Radical, non-linear
electricity sector, impacts through transformation to a
expansion of supply chain | conservation and demand | smart grid
and two-way, management and
participatory network renewable energy
with customers; internal
movement toward
cross-functional structure
from silo culture
Ilustrative | We always viewed the Customer service is no The smart meter was
Quote MDMR — time of use longer just simply the interesting, because [it
implementation — as a delivery of safe and is] changing our

significant change to the
way we ve traditionally
done business. A
departure from
traditional command and
control, top down, one-
way communication...To
evolving to this true two-
way, participatory
network — a network
based on customer
optimization rather than
system optimization. The
perspective that’s existed
for 110 years. (P5)

reliable electricity to
homes and businesses...
1t is also about realizing
operational efficiencies...
and to provide customers
with conservation
programming and
education to help them
better manage their
electricity costs.
(Documentation)

industry. That’s the
bottom line. And you
haven'’t seen the end of
it yet. It is just
interesting to work on,
see us go from a
technology that had
been around for close
a hundred years to
something new. (P4)

*from Smith and Lewis (2011)
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In comparing the experience of eUtilityCo with the dynamic equilibrium model, a number of
similarities and differences are noted. Despite the presence of organizational tensions, the
experience of eUtilityCo did not follow a cyclical pattern as suggested by the dynamic
equilibrium model (Smith and Lewis, 2011). Instead, there seemed to be an inherently stable base
(e.g., traditions) upon which the innovations played out. This coexistence of tradition and
innovation is more consistent with the concept of dynamically stable organizations, which are
defined as “organizations capable of serving the widest range of customers and changing product
demands (dynamic) while building on long-term process capabilities and the collective
knowledge of the organization (stable)” (Boynton, 1993, p. 58). With a minor extension of this
definition to include the ability to respond quickly to changing technological (e.g., smart meters
and big data) and field-level (e.g., regulatory) changes, the concept of dynamic stability provides

a good characterization of eUtilityCo.

Although the concepts of dynamic equilibrium and dynamic stability are similar, there is an
important nuanced distinction between them. The concept of dynamic equilibrium suggests that
new points of equilibrium are created as organizations rebalance after responding to paradox.
However, in the dynamic stability model, it is envisioned that organizations retain a core element
around which there is change, flexibility and innovation in response to a diverse set of tensions
and environmental conditions. Success for dynamically stable organizations comes from their

ability to leverage the stable elements in support of the dynamic ones.

Dynamic stability is not easy to achieve, but can be supported through several mechanisms

(Boynton, 1993). For eUtilityCo, there were two main contributors: tenure of organizational
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members contributing to a consistent sense of belonging, and the core business process model.
Organizational knowledge built over time is an essential component (Boynton, 1993). Over its
history, eUtilityCo has retained many of its employees and through these people, accumulated a
great store of organizational knowledge about its customers, systems, and processes that provide
stability and a culture that was traditionally fairly adverse to change and thus providing a high

degree of stability to the organization.

A second major contributor to stability at eUtilityCo was its core business process model, which
is a high-level construct that represents the core repeated and standard business processes
undertaken by the organization (Cavalcante, Kesting and Ulhoi, 2011). Conceptualized in this
way, an organization’s business model serves to provide stability for the execution of
organizational activities while at the same time providing sufficient flexibility to allow for change
(Cavalcante et al., 2011). As evident throughout this thesis, stability is a core value deeply
embedded within the electricity sector. For instance, Study 2 (qualitative field study, Chapter 5)
highlighted how utilities have traditionally been focused first-and-foremost on “keeping the lights
on”. Licenses are granted to utilities for the distribution of electricity with extensive operating
and performance constraints so that utilities are not able to radically redefine what they do and
how they do it. At the highest level, the core business model of eUtilityCo involved the provision
of electricity to customers. The deployment of smart meters did not alter this core purpose,
although various components of how that process was carried out (such as interactions with
customers) were altered. With the deployment of smart meters, the data available to eUtilityCo
grew dramatically. However, the adoption of an entirely new business model was constrained

because of existing infrastructure and the central place that the electricity sector plays in the
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economy and society. As one industry observer noted, “energy is one of those areas where you
can’t just rip everything out and start all over” (Gomes, 2011). Therefore, while eUtilityCo talked
about major transformations of business processes and new relationships with customers, its core
business process model in terms of delivering safe and reliable electricity to its customers

remained intact at the core of the organization.

6.3.4 Dynamic Stability as an Organizational Enabler

Thus far, the chapter has described dynamic stability as the core concept emerging from the
experience of eUtilityCo. This section further elaborates on the results of theoretical integration;
in other words, how the core category relates to other categories and concepts in the context of
the question motivating this study. In sum, the case of eUtilityCo suggests that dynamic stability
is an essential enabler to maintaining and enhancing utility performance in the face of big data.
Further, through organizational sensemaking processes, three frames of reference with respect to
big data — opportunity frame, control frame, and data limitation frame — interact to support
dynamic stability, enabling utilities to maintain and enhance their performance. The proposed

model is illustrated in Figure 2.

Recall from the earlier discussion that big data can be viewed as a socio-technical system (Boyd
and Crawford, 2012). Socio-technical system theory developed as a means of understanding
organizational work systems, proposing that these are comprised of two jointly independent but
interrelated systems: the technical and the social (Bostrom and Heinen, 1977). Socio-technical
theory has been applied in a range of IS research that recognizes the importance of considering
the attributes of people, human relationships and organizational structures in designing
information systems to support organizational work (Bostrom and Heinen, 1977). Although big
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data may not represent a typical information system in the sense that data are typically an input to
a system or business process, it does have both social and technical elements. The technical
elements include the collection, storage, computational, and analytical capabilities associated
with the processing of data. The social aspects relate to how people perceive, value, and use the

data within their situational context (Boyd and Crawford, 2012).
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Figure 6: Model of Dynamic Stability for Big Data

When organizations face complex and dynamic situations or paradoxical tensions, as in the case
of big data, sensemaking becomes an important organizational activity (Jay, 2013; Maitlis, 2005;
Weick, 1993). Organizational sensemaking is a social process in which “members interpret their
environment in and through interactions with others, constructing accounts that allow them to

comprehend the world and act collectively” (Maitlis, 2005, p. 21). Because of its interpretive
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nature, sensemaking involves cyclical and reciprocal processes of interaction between people and

the environment (Lewis, Matthiassen and Rai, 2011).

The concept of sensemaking has been applied to enhance our knowledge of information systems
in organizations (e.g., Lewis et al., 2011; Mishra and Agarwal, 2010; Orlikowski and Gash, 1994;
Swanson and Ramiller, 2004). In particular, the formation of technology frames has been
attributed to sensemaking processes (Orlikowski and Gash, 1994). Technology frames, which are
both time and context specific, represent the knowledge structures, including the assumptions,
expectations and knowledge itself, that individuals possess and use in order to understand
technology in organizations. Frames play a key role in how users come to adopt new technologies
(Orlikowski and Gash, 1994) through various processes, such as directing attention and providing
problem-solving templates, and filtering inconsistent contextual information (Davidson, 2002).
The concept of frames has been extended from individual cognitions to the organizational level,
based on the belief that that collective knowledge structures can exist and have meaning and
reality that transcend the frames of the individual members (Mishra and Agarwal, 2010). Based
on the evidence of high cohesion and a lack of belonging tensions at eUtilityCo, the perspective

of collective organizational sensemaking and frames seems appropriate and is taken in this study.

For eUtilityCo, sensemaking with respect to big data took place within the internal context of
dynamic stability. The requirement to implement smart meters and time-of-use billing triggered
the influx of big data. Left unchecked, big data has the potential to hamper business processes and
hinder organizational performance. With the anticipated arrival of big data, eUtilityCo engaged in

new sensemaking processes, resulting in three frames: the opportunity frame, the control frame,
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and the data limitation frame. Through these frames and interactions between them, eUtilityCo
took particular actions with respect to the core project consistent with dynamic stability and

which allowed the organization to maintain and enhance their performance.

6.3.4.1 The Opportunity Frame

Within the opportunity frame, data are viewed in terms of their potential upside. This is similar to
the benefits frame in which a situation is viewed as having a high potential for gain (Mishra and
Agarwal, 2010). The antithesis of the opportunity frame would be a problem frame, similar to
threat frame (Mishra and Agarwal, 2010), which focuses on the potential risks and difficulties
associated with the situation. Despite recognition that implementing smart meters would be a
“daunting task” (P1), the opportunity frame was predominant at eUtilityCo. Even before it was
officially mandated to implement smart meters, eUtilityCo viewed the core project as a
tremendous opportunity. They could see possibilities for the smart meter data beyond simply
automated meter reading and time-of-use billing to customers. Through the project, eUtilityCo
hoped to create a “two-way participatory network” (P5) with their customers, which they viewed

as a major change to their traditional approach.

So we saw this as a great opportunity for change, and just a

fundamental shift in the interface that we have with our

customers, how we would interact and do business with them.

(P5)
In this way, the opportunity frame reflected and reinforced the dynamic elements of eUtilityCo.
Through the opportunity frame, participants were able to make sense of the imposed requirements

and create the cognitive perceptions necessary to explore new innovations and implement more

radical changes to customer relationships, processes and structures.
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One of the most visible examples of how this frame affected eUtilityCo during the course of the
core project was the emphasis eUtilityCo placed on experimentation. As an early adopter,
eUtilityCo piloted smart meters of three different vendors and explored how the data could be

used. As one participant explained:

[In] 2005 we were doing some pilots. [In] 2006 we were looking

at data from some pilots, seeing how time of use, maybe

[created] savings for customers or not, just trying to check out

some of that data. (P6)
In addition, eUtilityCo experimented with other ways to use the technology and data in other
areas of the business, such as in the operational data store, outage management, and in
conservation and demand-side management programs. An important offshoot of the opportunity
frame is the realization that risk-taking is a necessary part of innovation and that this may
sometimes result in mistakes or set-backs. However, these difficulties and learning mistakes were
not viewed negatively by the organization and its executive management team. Employees were
encouraged to “continue with what you're doing” (P1) in order to achieve the targets of the core

project, but also to gain new knowledge and identify other innovations that could be applied

within the business.

6.3.4.2 The Control Frame

Within the control frame, the organization perceives that it has a high degree of influence over the
data and how they are used. In this regard, it has similarities to the conceptualization of active
organizational intrusiveness, where firms allocate resources to search the environment for
answers to organizational challenges (Daft and Weick, 1984). Alternatives to the control frame
could include an inevitability frame in which the organization perceives that it has little control or

influence over the data, or the passive organizational intrusiveness mode in which the
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organization accepts the environment as given (Daft and Weick, 1984). Although it did not have a
choice about deploying smart meters because of the government mandate to implement them,
eUtilityCo adopted the perspective that it was the driver of its own destiny and had ultimate

control over the form, structure, and outcome of the core project.

In contrast to the opportunity frame, the control frame relates more to traditional elements of the
dynamic stability paradox. Traditionally, eUtilityCo’s organizing structure reflects a command
and control approach and this continues throughout the experience in the core project. Even
before the legislation was passed and the mandate given, eUtilityCo took a pre-emptive
leadership position, getting actively involved in committees and commenting on drafts of the
proposed program design and technical specifications of smart meters. The objective was not just
to be informed, but to influence things “in a way that we felt best served the interest of
eUtilityCo's customers, and eUtilityCo” (P5). In other words, by being engaged, eUtilityCo
would be able to influence the form of its eventual mandate. It could influence the level of change

(innovation) while providing some protection for its core business process model (tradition).

Within the core project as well, the control frame influenced how the organization approached the
project. For instance, when integrating their internal systems with the provincial meter data
management repository (MDM/R), there was a large set of externally-imposed requirements.
These affected a variety of things, such as interface and communications formats, data elements
(e.g., data and time format, decimal places), among others. Rather than having these ‘minimum’
requirements dictate the organization’s processes, eUtilityCo went to lengths to define its own

standards. For example, during the project there arose an issue with respect to the billing of

167



partial days. If the provincial requirements, which were the same for all utilities, were followed
this could lead to inaccuracies in the bill issued to the consumer. Rather than accepting this
standard, eUtilityCo exercised its control by altering its internal requirement to go beyond the

provincial standard. One situation was described as follows:

So eUtilityCo has really taken a best practices approach to
making sure that their data is as accurate as possible before it hits
a bill. The provincial system works the same for everybody.
Everybody has to then make their business process decisions
based on the data that's available. And so you can put the data
there, it just might take some extra work. And so eUtilityCo
went to the extent of doing that extra work to make it right,
where the other utilities would have said, "I don't have the
people or the knowledge or whatever sitting around to go to that
extra work. (P2)

The effect of this approach was to reduce the salience of external influence and elevate the level

of internal control over the final outcomes associated with the project.

6.3.4.3 Data Limitation Frame

The data limitation frame relates to how data are perceived in terms of characteristics such as
accuracy, completeness, and quality. Specifically, this frame accepts that there are limitations of
big data, that data can often be inaccurate or misleading, and that more data are not necessarily
good data. The data limitation frame also incorporates beliefs consistent with the ideas of
information overload (Edmunds and Morris, 2000) and lean information management and
information waste (Hicks, 2007). The data limitation frame sits opposite to views that espouse
the boundless value of data, data objectivity and accuracy (Boyd and Crawford, 2012), For
instance, an opposing frame would consider that data are categorically good, a perspective, for
instance, that highly data-driven organizations (or their data management vendors) may take.

Although eUtilityCo was excited about the possibilities and opportunities of big data, it was not

168



blind to the potential pitfalls or imperfections associated with the data.

In the past, when data were manually collected from meters, there were only a dozen or less data
points a year. As a counter, the meter mechanism was simple and the process was self-correcting.
In other words, if one meter read was missed or recorded incorrectly, the problem could be fixed
relatively easily by doing a one-time estimation. Then at the next meter read there would be a
“true-up”. So, although there could be temporal errors (some over/under billing/consumption
values in one or two periods), over time, the consumption information was accurate and billing
amounts were correct. These adjustments were also fairly easily understood by consumers who
also had access to check their meters if questions arose. In contrast, smart meters that poll hourly
and billing regimes that rely on time-buckets of consumption data are less forgiving, but the
results are more immediately visible to consumers, for instance if customers have real-time access

to detailed consumption data. As one participant commented:

One of the problems that they [eUtilityCo] have though is that
the systems themselves can create problems that show
themselves to customers (P2)

As a result, eUtilityCo put tremendous effort into testing the smart meters, verifying data and
developing additional business processes (both automated and human) to ensure the ongoing
correctness of data. These activities are consistent with the traditional elements at eUtilityCo

regarding top-down control and ensuring reliability and stability within the business.

6.3.4.4 Interactions between Frames

Although described independently above, the experience of eUtilityCo demonstrates that ongoing

interactions occur between the three frames. Collectively, these frames and their interactions

169



influenced the process and outcomes of the core project at eUtilityCo. Although each frame has
its own bias toward either stability or dynamism, the recurring interactions between them helps to
foster the dynamic stability that is necessary for sustaining and enhancing organizational
performance. In other words, if any of these three frames exist in isolation, pushing an
organization more toward one element or another, the organization would likely suffer
performance degradation. To understand how this might occur, consider the situation for
eUtilityCo if organizational sensemaking had lead exclusively to the opportunity frame. Under
the opportunity frame, eUtilityCo saw great value not just in the mandated project but in other

areas of their business.

We certainly started to look a little bit further in the future
because we realized that it wasn’t just always about time-of-use
rates and reading the meter. That may have been 20% of what
we wanted to get out of the meter. The other 80% was being able
to dialogue with the customer, troubleshoot problems in the
field, connect it to our outage management system, use it for data
to look at transformer loadings, look at theft of power, look at a
number of things that we needed. There’s a strong advantage to
be able to communicate with that meter in both directions, so
we've slowly started to change the requirements as we go
forward with them. (P5)

Recognizing such a great potential for the data stream, unchecked, the opportunity frame could
lead to a heavy emphasis on innovation, resulting in rapid radical change, investments in untested
smart grid technologies, collection of vast quantities of data for undefined purposes, and many
uncoordinated pilot projects or operational experiments. This could be likened to innovation for
the sake of innovation: an example of mindless innovation (Swanson and Ramiller, 2004) in
which the benefits of IS are not fully realized. Additionally, the perceived need to rapidly

innovate would have put pressure on the traditional elements of the organization, leading
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potentially to resistance and organizational chaos. However, the other two frames interacted with

the opportunity frame with the effect of tempering organizational actions.

Through the core project, the control frame interacted with the opportunity frame to provide
dynamic stability which enabled eUtilityCo to maintain and enhance performance. Rather than
constraining change by creating organizational inertia (Jansen, 2004), organizational stability
enabled the organization to become more innovative in responding to the challenges arising from
the government decision requiring the deployment of smart meters. As noted previously,
eUtilityCo had a core of long-tenured employees who had a range of experience in different
functional areas within the utility. Representative of many of the employees, one participant
spoke of how he had started his career in a smaller utility where he had been exposed to many
different areas of the utility business. As the core project started to take shape, eUtilityCo was
able to leverage the diverse knowledge of its experienced and committed employees through the
formation of a cross-functional team which placed heavy emphasis on collaboration. Participants
reflected on how their previous experiences in other departments (e.g., billing, metering) helped
them to see the project more holistically and identify opportunities and challenges that might
arise. This cross-departmental collaboration continued through the project and was cited

frequently as a critical success factor. One participant described it this way:

So | think there's a lot of good communication between each
department, that we're all helping each other getting through it,
and that's what made it easier as well. We do work together and
learn off of each other. (B8)

A second way in which the control frame complemented the opportunity frame was with respect

to defining the boundaries of a much larger smart grid initiative. As noted, the terms of the core
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project (smart meters and time-of-use pricing) were mandated by the government and applied
equally to all utilities. The Smart Metering Entity specifications for the MDM/R dictated only the
collection of hourly consumption values for customers. Utilities taking an inevitability
perspective, rather than the control perspective may have responded in terms of acquiescence
(Oliver, 1991), accepting the minimum requirements as the only requirements. However, by
viewing the issue in the context of both the control and opportunity frames, eUtilityCo realized
that it was possible to collect additional information from the meters, or to use the mandated
information in other ways and to enhance other business processes. In this way, the two frames

complemented each other, consistent with the context of dynamic stability.

A third example of interaction between the control and opportunity frames relates to the
organizing paradox, that is, how people were organized in relation to the project. To support
dynamic elements of the core project, eUtilityCo formed a dedicated project team as just
discussed. However, elements of organizational stability with respect to traditional command-
and-control, specifically top-down approaches, were maintained. In particular, a project sponsor,

reporting directly to the CEO of the company, was appointed to oversee all efforts in this area.

The CEO, felt [the smart grid] project was of particular

importance to [eUtilityCo], and he wanted to keep the oversight

fairly close to him, so it was a direct report to him. (P5)
The project sponsor had no direct reports (from a human resources management perspective);
however, members of the cross-functional project team were accountable to him and he was the

central point of communication and escalation of issues. Thus, eUtilityCo was able to keep close

management oversight and control over the project in order to realize its potential.
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Besides interactions between the control and opportunity frames, there were also interactions with
the data limitation frame. In general, the control frame and data limitation frame worked together
in terms of orchestrating a highly-structured, and in many ways, typical IS project. While the
control frame led to eUtilityCo defining its own goals, milestones and project linkages, the data
limitation frame contributed to a great emphasis being placed on documentation of processes,
data validation and testing. When these two frames combined with the opportunity frame, the two
elements of dynamic stability came together creating conditions that enabled eUtilityCo to excel.
A prime example of how these frames interacted is evidenced in the way in which eUtilityCo
layered various smart grid data-driven initiatives over the core project. Although the obligation
was simply to deploy smart meters and implement time-of-use billing, eUtilityCo undertook a
number of additional information systems and demand-side management initiatives in parallel
with the core project. Some of these, like the ODS (Operational Data Store), were done early and
provided an opportunity for eUtilityCo to learn more about the meter data and how the smart

meters worked.

We started out [with] the very first premise that we would test
end to end. We've had an ODS since 2006 because we knew how
to change out meters but we didn't know if we could do all these
other aspects correctly from meter data capture to accurate bill.
So we started out with that. (P5)

By segmenting different parts of the smart grid project, eUtilityCo had a more controlled
deployment and was able to protect both the core project and core business processes from
potential risks. This approach of breaking larger projects into smaller parts is one strategy for
achieving and maintaining dynamic stability (Boynton, 1993). With smaller, layered projects,
eUtilityCo was able to fully test the data streams in a variety of contexts, gain confidence with the

technology, and understand important characteristics of the data elements. These outcomes
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contributed to the pursuit of innovation by allowing eUtilityCo to find new applications for the
data above and beyond the mandated requirements. As more data were collected from more smart
meters (and eventually transformers), eUtilityCo initiated other related projects, such as the
outage management and GIS interfaces with the smart meter data in the ODS, online
consumption data for customers, automated demand response programs and piloting of home area
networks and electric vehicles. Although the objectives and nature of each project were unique,
they are common in the fact that they have built the knowledge and structures accumulated within
the stability of the eUtilityCo organization and continue to demonstrate the potential for

innovation within tradition.

6.4 Findings with Respect to Initial Conceptual Framework

Using a grounded theory approach, it was not the purpose of this third study to evaluate the initial
conceptual model outlined in Chapter 3. Nevertheless, the data collected in the eUtilityCo case
permit a number of observations in that regard. The main findings are presented here and the

implications with respect to the overall model are discussed more fully in the next chapter.

Drawing on organizational information processing theory, the initial conceptual model (Figure 4)
posited that a utility’s performance with respect to electricity demand-side management (EDM) is
influenced by the degree of fit between information processing requirements and information
processing capacities afforded by the smart grid, as moderated by customer appropriation support
and time. Due to a number of factors, it was further expected that the information processing
requirements of EDM are increasing, thus making the task of EDM more complex. In this study,

the investigation was not limited to EDM because the nature of the core project involved a
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number of different demand-side activities such as meter replacements, billing, and customer

service.

6.4.1 Information Processing Requirements

Consistent with the findings of Study 2, the experience of eUtilityCo suggests that demand-side
activities are becoming more complex due in large part to the variability of customer expectations
and responses to utility programs. Traditionally, utilities considered their customers in three broad
categories: residential, commercial, and large industrial. However, the confluence of advanced
technologies (e.g., internet, mobility, social media), concerns for the natural environment, and
recent economic challenges are creating new sub-categories of residential consumers. These
segments differ in their expectations of utilities on a range of demand-side functions from their
acceptance of smart meters and time-of-use billing, preferred communication and support
mechanisms, interest in renewable energy generation and electric vehicles, and use of home area
networks or demand response programs. From an organizational perspective, the challenge is to

equitably balance all the services it provides among its different customers:

Your challenge is customer segmentation. You have a rotary dial
world of customers, and you have Blackberry enabled real time
data presentment why wasn’t it there 30 second ago [customers].
And your challenge is, some customers, they wouldn’t want to
have that function available to them in a thousand years, others
are wondering why wasn’t it available last week. Serving those
differentiated needs, meeting those differentiated expectations,
and not cross-subsidizing one at the expense of the other is a big
trick. (P5)

This need to provide different services to different customers and to support them in ways that are
preferable to them (rather than convenient for the utility) seemed to the main driver to complexity
within their demand-side activities. In contrasts, although eUtilityCo did acknowledge that both

the availability and quality of power supplies were increasingly important to customers, this
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requirement falls within their core expertise as something that the organization has been doing for

a hundred years.

With respect to the other three factors (volume of data collected, multiple EDM strategies, and
coordination between demand-side and supply-side) these factors appear to be somewhat
mitigated through the processes described previously with respect to dynamic stability and
framing. In other words, eUtilityCo was able to situate these new requirements within traditional
practices (traditional practices, knowledge, and structures) and guided by the frames of
opportunity and control, reformulated objectives and sequenced initiatives so that they were

achievable within the eUTtilityCo context.

6.4.2 Information Processing Capacities

The experience of eUtilityCo demonstrates that the deployment of smart meters, or more
correctly, an advanced metering infrastructure (AMI) provided the organization with a range of
new information processing capacities. First, of course was the ability to gather very granular data
in near-real-time. Not only was this data used to support billing and customer service, but
eUtilityCo was able to apply it in other operational areas such as outage management. However,
consistent with the results of the previous two studies, it appears that collection of data is a
necessary but insufficient condition for increasing overall information processing capacities.
eUtilityCo also places significant emphasis on analysis, and in particular two-way

communication.

As illustrated in the sequence of major events (Figure 5), eUtilityCo began deploying smart
meters and collecting data from them about two years in advance of converting customers to
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time-of-use billing. By collecting and storing this information, the organization was then able to
do consumption analyses to determine the direction and magnitude of change that customers were
likely to experience when the price structure was changed. This information was used by
eUtilityCo in its planning and was eventually incorporated into customer communications to help
prepare them for the change. Much of the early analytical work was done by people and one

participant involved in analyses described it this way:

It’s very complicated and it requires that analysis sort of
personality, somebody that doesn’t mind sitting on a computer
for hours just looking at data, figuring out how to analyze it. But
I enjoy that. (P2)
In the future, eUtilityCo expects to implement more robust analytical or business intelligence

applications.

Beyond the data and analyses, eUtilityCo viewed two-way communication as the key capacity
afforded by AMI and the smart grid. For the first time in their history, eUtilityCo felt that it
would be able to change the relationship with their customers from a one-way top-down approach
to a participatory network. In this new relationship, customer would be involved as partners with
the utility in a number of activities from demand-response to renewable energy, and eventually
electric vehicles. Although customer response to utility programs has always been a measure of
success, the communications abilities of the smart grid are seen to enable utilities to more actively

engage and empower customers.

Prior to moving on to discussing the idea of fit between information processing requirements and
capacities there is one other notable and somewhat unanticipated observation regarding

capacities. That is, that the majority of the information processing capacities leveraged by
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eUtilityCo were not actually located within the organization. Rather, they were provided by third
parties. For instance, the collection of meter data and communications infrastructure was
outsourced, as was the operational data store (ODS), and the MDM/R was centrally maintained
and managed by the Provincial Smart Meter Entity. Also, throughout the core and related smart
grid projects, various external consultants with expertise in particular areas were hired to help
with process redesign, analytics and program development. One motivation for this reliance on
external resources was the huge one-time and potentially very disruptive nature of the smart
meter deployments. However, the fact that many of these external relationships have been
maintained reflects an important difference between the information processing capacities
available to the organization and the core competencies or capabilities of the organization itself.
As discussed above, throughout this entire project, eUtilityCo continued to hold on to its core
mission of providing electricity services to its customers and recognized that its core strength was
there and not in IS. At the end of the day, the smart meters and related IS capacities were means

by which eUtilityCo could further enhance its performance relative to its mission.

6.4.3 Information Processing Fit

The concept of information processing fit was not explicitly discussed by participants. However,
the ability of eUtilityCo to maintain and enhance the performance of its demand-side activities
suggests that the organization was able to achieve a reasonable match between the requirements
associated with demand-side management and capacities deployed as part of the smart grid. In
terms of information processing requirements, eUtilityCo saw the greatest challenge and
complexity arising from identifying different customer segments and engaging with customers in
a more participatory relationship. In terms of information processing capacities, eUtilityCo
emphasized the need to go beyond the provincial ‘minimum’ standards with respect to meter
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communications and invested heavily in developing two-way communication capacities in their
smart meter deployment. Although there are many other capacities of the meters that could have
been deployed and exploited (e.g., analysis), two-way communication appears to have been a
natural fit for task complexity identified by eUtilityCo. In other words, in order to fully
understand how best to serve the needs of diverse customers, the organization needed to increase
the frequency and change the direction of communications. Rather than pushing information
down to the customer, eUtilityCo needed to be able to listen and respond to what its customers

wanted. Smart meters and the AMI provided eUtilityCo with the necessary capacities.

If a fit is not achieved between information processing requirements and capacities, the
conceptual framework suggests that a utility’s performance could suffer. Evidence of this was
found in both of the first two studies and it was suggested that information waste could help to
account for diminished demand-side performance. As a successful exemplar case, eUtilityCo did
not seem to suffer from information waste. As with other Ontario utilities, eUtilityCo was
mandated to implement smart meters and to provide hourly consumption information to the
Provincial MDM/R. However, beyond the mandated uses, eUtilityCo defined and planned for
other data points and dealt with them (e.g., ancillary projects, redefining requirements) in such a
way that the employees involved in the day-to-day demand-side activities had just the
information they needed and were not overwhelmed by reviewing or otherwise dealing with the

large inflows of data.

6.4.4 Appropriation Support for Customers

The final element of the initial conceptual model that was prevalent in the case of eUtilityCo was
that of appropriation support for customers. Perhaps not surprising, given the previous discussion
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regarding fit and the importance of engaging customers, eUtilityCo had an extensive program to
support customers through the change to smart meters and time-of-use pricing. As company
documentation described it, eUtilityCo “adopted [an] over-communicate customer focus”. The
program included such things as a customer migration tool which showed two months of
comparative data for old and new pricing schemes, an informational website, informational door
hangers and CDs delivered to homes, and public information sessions. In similar situations, many
utilities have pushed out communications to their customers, but eUtilityCo’s particular success
might be attributable to their approach. Front-line staff were involved in the process of

developing the customer materials and explained their approach as follows:

We tried to think from the customer’s point of view what they

would like to see [on the website] because we're more of the

front line. You know, we hear what the customers want, So we

kind of want to make it more user friendly for the customers. So

basically listen to the customers, hear what they want, and

[include] it [in] the website. (P7)
Although as individuals participants recognized that being up front with customers was the right
thing to do, organizationally the communications programs were also highly motivated by
business considerations. Learning from the experience of other utilities, over-communicating was
seen as a way to reduce the number and difficulty of incoming calls to the call centre during the

transition, thereby reducing the cost and efforts associated with the project and subsequent

initiatives.

6.4.5 Net Effects

Because this study was not designed in reference to the initial conceptual model, there was little
data collected with respect to the overall net effects of the AMI project on total electricity

consumption. Consistent with the findings of Study 2 (field interviews) it is clear that the

180



collection, storage, transmission, communication and analysis of smart meter data require
additional IT hardware, systems and power to run. Although eUTtilityCo had plans to eventually
bring these systems into the organization, these services were still outsourced to a number of
AMI and IT service providers at the completion of the case analyses. Thus, it is difficult to

determine the electricity costs associated with these capacities.

6.5 Discussion

As the smart grid transformation takes hold in the electricity sector, utilities are starting to feel the
effects of big data. Through advanced metering infrastructure and smart meters, utilities will have
quick access to enormous sets of data that were not available in the past. Technical developments
for business analytics are well underway to help organizations to glean valuable information out
of their big data (Meijer, 2011); however, less attention has been given to understanding the
social constructions of big data. Recognizing that the influx of big data resulting from the
deployment of the smart grid is creating new tensions for utilities, this grounded theory study
sought to understand and explain the social processes that occur within utilities to enable them to

successfully manage big data systems.

The case of eUtilityCo, situated within the Ontario electricity sector, provides a unique context in
which to examine the effects of big data in organizations. The government’s directive that utilities
deploy smart meters to all residential customers removed the traditional business case
considerations associated with major technology investments. In the absence of a regulatory
requirement, it is unlikely that eUtilityCo (or any other Ontario utility) would have moved
forward with smart meters on such an aggressive timeframe because business conditions at the

time meant that smart meters were not economically justifiable. Further, the rapid deployment of
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new and relatively unproven technologies ran counter to the traditional conservative nature of the
industry. The bypassing of normal processes associated with business case justifications
eliminated a common mechanism through which organizations form cognitions in regard to IS
investments. This created a greater need for organizational sensemaking in order to achieve a
common understanding of big data and make decisions with respect to how to proceed with the
core project without compromising performance. The results of this study suggest that the result
of the sensemaking processes was three frames of reference related to big data that
simultaneously enabled new innovation and preservation of a traditional core business process

model.

In the two previous studies of this thesis, organizational information processing theory (OIPT)
(Galbraith, 1973; 1977) was used as the main theoretical lens and the results suggest that
performance gains might be achieved by utilities as they develop more advanced 1S-enabled
information processing capacities such as analytics and communications. Conversely, the results
also suggest that an over-capacity of data collection capacities might create information waste
(Hicks, 2007) which can cause performance inefficiencies. Through an examination of the
eUtilityCo case, this study provides deeper insights into the socio-technical aspects of big data.
Through sensemaking processes and framing consistent with dynamic stability, eUtilityCo was
able to refine the requirements and shape its capacities to target what the organization felt was
particularly important — the new participatory relationship with clients. These findings suggest a
further extension to OIPT in which different frames influence how fit between information
processing requirements and capacities are achieved. In other words, organizational performance

may not be simply a function of fit between technological requirements and capacities but also
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the social perceptions and meanings attributed to big data and the smart grid as part of the entire

information processing system. These ideas are explored further in the next chapter.

In addition to shedding new light of OIPT, this study makes two other main contributions. First,
although a variety of frames have been identified with respect to IT (e.g., Davidson, 2002; Mishra
and Agarwal, 2010; Orlikowski and Gash, 1994), little has been done with respect to frames in
the domain of big data. This study found three frames of references with respect to big data: the
opportunity frame, the control frame, and the data limitation frame. Of these, the third frame
related to data limitations is novel in that it gets at the heart of the mythology of big data (Boyd

and Crawford, 2012) and challenges some traditional perspectives on data.

Second, the results of this grounded theory study bring greater theoretical depth to the concept of
dynamic stability. Over thirty years ago, Miles and Snow (1978) conceptualized a continuum of
organizational strategic types from defenders (stable) to prospectors (dynamic), with analyzers
who combine both stable and dynamic elements in the middle. As the pace of change has
increased, there has been increasing focus on dynamic elements within organizations and their
ability to change and respond to change. The result has been reduced emphasis on the elements
associated with stability (Boynton, 1993). This research provides a fresh perspective on the issue
of stability in organizations and gives evidence of how it can work in connection with dynamic
capabilities. In this regard, the concept of dynamic stability does not suggest that organizational
paradoxes must be solved, but rather that both are essential in situations where there are
fundamentally core business process models that must be maintained (as in the case of the

electricity sector).
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The smart grid has a long way to go and many more years, if not decades, until it is fully realized.
The results of this study may help to guide utilities through this transformative period. For
instance, one of the possible outcomes associated with the smart grid is the potential for new
entrants into the electricity sector. With new data streams and a more information-intensive
power grid, large IT companies such as Microsoft and Google showed interests in entering the
field. With much hype in 2009, Google introduced PowerMeter, a web-based tool that was meant
to work in conjunction with smart meters to allow consumers to better manage their electricity
consumption in real-time. However, in less than two years, Google quietly discontinued its
PowerMeter offering. There is now less talk of pure information-based companies entering into
the electricity market sector. Based on the findings of this study, it is reasonable to speculate that
part of the challenge for these new entrants is that they lack the key elements of stability which
has been engrained within the electricity sector over the past century. At the other end of the
spectrum, ‘statist’ utilities are conservative, slower to act, have little interest in future position or
competitiveness and tend to have slow and cautious implementation scheduled for new IS
investments (Montgomery, 1995). Many of these incumbent utilities have serious reservations
and challenges around moving to the smart grid. As an example, in the United States, October
2012 saw a National Day of Action to Stop Smart Meters (Stopsmartmeters.org, 2012) and
citizens are pushing back against smart meter deployments due to concerns of fire, health, and
privacy. Whether justified or not, these concerns tie back to utilities’ traditional core mission of
safety (of people and property) and reliability, rather than promoting efficiency and innovation.

That eUtilityCo was able to emerge out of the core project with strong customer satisfaction
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suggests that organizations that are able to achieve and maintain a dynamic stability model may

gain the advantages of both and innovate within tradition.

6.5.1 Limitations

There are a number of limitations associated with this study, several of which derive from the
methodological approach. First, although the researcher attempted to approach the case of
eUtilityCo with a theoretically blank slate in order to allow insights to emerge from the data, at a
practical level, this is difficult to achieve. The first part of this thesis relied extensively on
organizational information processing theory and it possible and even likely that some of this
knowledge influenced how the data were interpreted by the researcher. To attempt to mitigate this
concern, analytical techniques such as questioning and analytical memos (Corbin and Strauss,
2008), were used. However, a limitation of grounded theory remains that different theoretical
insights can be derived from the same data by different researchers. A second main limitation of
this research is the use of a single case study. In this sense, the experience of eUtilityCo is unique
and the findings may not be generalizable in all situations. For instance, eUtilityCo was an early
adopter of smart meters, which may have created a situation much different from utilities that are
later to implement smart grid technologies. In addition, the deployment of smart meters was
mandated in Ontario. As a result, different considerations or factors may have been at play
relative to utilities in jurisdictions where the deployment of smart meters was undertaken at the
utility’s discretion. Finally, although electricity flows across wires that span cities, provinces,
states and countries, the regulatory and operating environments are less common. In different
jurisdictions, concerns regarding demand-side management, conservation, and environmental

sustainability create different operating contexts for utilities. These cannot be fully taken into
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account in this single case study. Paradoxically, however, it is because of these contextual factors

that a grounded theory case study approach was well suited to this research.

6.6 Summary

This chapter has presented the results of the third and final study of this thesis. The findings help
to provide greater theoretical understanding to the social processes within utilities as a result of
the smart grid. In the next chapter, the findings of all three studies will be further discussed in
context of the original research questions that motivated this thesis. It will also expand on the

contributions of this thesis and future research directions.
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Chapter 7

Discussion and Conclusion

By enabling the smart grid, information systems and technologies are reshaping an institution that
has become central to modern society. How we consume, distribute, and use electricity will
continue to evolve over the coming decades. How the smart grid transformation unfolds will have
significant effects on whether we are able to attain the critical goals of energy security and
environmental sustainability. This thesis was motivated by the desire to contribute to the growing
knowledge base around the smart grid. Three related studies were conducted to explore the
impacts of emerging smart grid information technologies on the demand-side activities of
electricity service providers (utilities). Study 1 (Chapter 4) was a quantitative study based on
historical data from U.S. utilities. Study 2 (Chapter 5) involved a qualitative field study, and

Study 3 (Chapter 6) took a grounded theory approach to examining the case of eUtilityCo.

In this chapter, key findings of these studies and their implications will be discussed in greater
detail. Then, the chapter presents a potential research framework and highlights several research
directions that ensue from this work. To conclude, the main contributions and practical

implications of the research are discussed.

7.1 Discussion of Findings

At the outset of this thesis, two questions were posed to guide the research studies. First, what is
the impact of the smart grid on utilities’ demand-side activities and performance? Second, how do
technical and social elements of the smart grid, and interactions between them, influence utilities’

demand-side activities and performance? The findings in relation to each of these are now
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discussed.

7.1.1 RQ1: Impact of the Smart Grid on Demand-side Activities

Utilities undertake many activities on the demand-side of their businesses from customer
relationship management, to customer service and electricity demand-side management (EDM)
(Lambert and Cooper, 2000). Among the many different smart grid technologies, the most central
to demand-side activities is advanced metering infrastructure (AMI). In respect to the first
research question, the findings of the three studies suggest that AMI can both enhance and

impede utilities’ performance.

Study 1, an empirical assessment of U.S. utilities> EDM performance, found that smart grid
technologies may have strong positive (i.e., net metering) or negative (i.e., smart meters)
relationships with respect to energy-efficiency effects and peak-load management. Although
these conflicting results can be explained in part by the differential levels of 1S-enabled
information processing capacities (to be discussed further below), the results also suggest that
other, non-technical elements associated with smart meters may also influence utilities’ demand-
side activities and performance. For instance, the technological differences between smart and net
meters are relatively small and yet, the two technologies demonstrated opposing effects. Evidence
from Study 2 provides further support for the Study 1 findings. In particular, the findings of the
qualitative field study suggest that when consumers decide to begin generating electricity to sell
back to the grid, the nature of their relationship with the utility is altered. The customer moves
from being a consumer who passively receives service from the utility to a more active
‘prosumer’, involved as a limited partner in the entire supply-consumption network. Utilities may
face greater information processing requirements to serve residential prosumers. However,
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utilities also have the potential to leverage this new relationship to improve EDM performance
because prosumers are more sensitized to issues associated with supply constraints and supply-

demand load balancing.

Although the effects of net metering and prosumers may be specific to utilities’ EDM
performance, the finding may be indicative of the larger potential effects of the smart grid in
terms of changing the utilities’ relationship with its customers. This supposition is supported by
the findings of Study 3 where eUtilityCo’s relationships with customers changed in the areas of
billing, customer service, outage management, and demand-side management. Rather than
implementing smart meters as simple transactional devices, eUtilityCo approached the rollout of
smart meters as an opportunity to transform the relationship with their customers and to create a
participatory network. In the new utility-customer relationship, traditional one-way flows (both
information and electricity) are replaced by multi-directional flows and collaboration. In this way,
customers become like partners to utilities and the technological capabilities of the smart grid
allow for the development of shared meaning and commitment between the parties (Hult et al.,
2004) just as they do on the supply-side of the value chain. As a result, utilities can become more

innovative in the design of tailored and effective programs and services for their customers.

Despite the potential benefits that utilities can achieve when they are able to leverage the smart
grid to define new relationships with customers, the results of this thesis also highlight the
potential risks associated with implementing smart technologies. The negative relationship
between smart meters and EDM performance that was found in Study 1 should be a cause for

concern for utilities and the industry as a whole. The core of the problem seems to be big data,
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that is, data which by its volume, velocity or variety cause utilities to work outside their core
expertise (Jacobs, 2009; Meijer, 2011). In effect, the smart grid is only smart to the extent that
consumers and utilities can harness this big data effectively to implement robust automated
processes and improve human decision-making. Due to technological evolution of meters, policy
environments, or other institutional pressures, many utilities are forging ahead with the
implementation of smart meters while they are still uncertain of what to do with the data when
they arrive. In the worst case, this type of acquiescence strategy (Oliver, 1991) can lead to
information waste (Hicks, 2007) and reduced performance. In situations where utilities do not
have a choice whether to implement smart meters (as was the case in Ontario), how the
organization make sense of the situation can help to mitigate the risks to organizational
performance. As Study 3 showed, three interacting frames with respect to big data helped
eUtilityCo to identify smart meters as an opportunity for innovation while at the same time
ensuring that its traditional core mission of delivering electricity reliably, securely and safely to

its customers was not compromised.

Besides highlighting the potential effects that the smart grid may have on utilities’ demand-side
management performance, the findings from an environmental sustainability perspective reveal a
somewhat troubling lack of attention to the net effects of investments in IS by utilities. Previous
research in energy efficiency has identified adverse effects such as rebounds (Sorrell, 2009) and
offsetting (Yun, 2002) in which gains from energy efficiency may be lost due to increased
consumption in other areas. Thus it is important that organizations responsible for such programs
remain vigilant to these unintended effects. Part of the reason for this finding may relate to the

fact that measuring the net effects of IS investments to support demand-side management is not a
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straight-forward process. As a starting point, one could look at the electricity consumption
associated with the incremental IT infrastructure and information processing. While this could
reasonably be estimated or calculated, it still may not take into account the true environmental
effects. This would depend on what type of fuel is used for the electricity generation saved
through EDM and the fuel used to generate the electricity to run the IS. For instance, if a utility
uses primarily hydro-generated electricity in both cases, then the net environmental effects in
terms of GHG may be marginal. On the other hand, if a hydro-electric company outsources the IS
to a data center primary fueled by coal-generated electricity, then the environmental cost (in
terms of GHG) may be much higher. Therefore, it is important not only to consider the increased
electricity demands to support IS-enabled information processing capacities but to also take into
account contextual factors, such as where the resources are being generated and used. By taking
an approach that incorporates a full lifecycle cost analysis, it would be possible to more

accurately assess the true effects of the smart grid on environmental sustainability.

In summary, with respect to the first research question, this thesis finds that the smart grid is
having an impact on utilities, how they conduct their demand-side activities, and their overall
performance. These impacts might be positive or negative, but are unlikely to be inconsequential.
Maintaining the status quo in the face of the smart grid is likely to become increasingly difficult
and utilities will have to address both the technical and social aspects of the smart grid in order to

survive through this turbulent period.

7.1.2 RQ2: Socio-technical Factors of the Smart Grid

Recognizing that impacts of the smart grid will be felt in various areas of utilities’ demand-side
activities, the second research question seeks to identify the socio-technical factors that come into
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play. This discussion is organized in two parts, first in relation to information processing

capacities and second, in regard to making sense of technological changes.

7.1.2.1 Information Processing Capacities

Approaching this question with the lens of organizational information processing theory (OIPT)
(Galbraith, 1973; 1977; Tushman and Nadler, 1978), three main IS-enabled capacities were
identified: data collection, analysis, and communications. In Study 2, there was evidence
suggesting that all three of these aspects are relevant; however, perhaps not equally so. For
instance, the deployment of smart meters allows utilities to collect more data than is possible with
traditional electro-mechanical meters that are read manually. However, as compared to AMR
(automated meter reading devices), the advantage of smart meters in terms of collecting data is
less significant. Therefore, depending on the state of a utility’s metering infrastructure, smart
meters may or may not add additional information processing capacities with respect to EDM.
This observation leads to two related underlying questions: i) Which comes first — data collection
as a capacity or data collection as a requirement? ii) From the overall perspective of task
performance, how important are data collection capacities in relation to the other types of IS-

enabled capacities?

The first question goes to the essence of big data, but it is not an entirely new issue for IS
scholars. Similar questions have been raised with respect to IS and business process management
(e.g., Arif, Kulonda, Jones and Proctor, 2005) and organizational change (e.g., Orlikowski, 1996).
Like these previous discussions, the findings of this study are equivocal. For certain demand-side
activities, such as billing, more data does not seem to be a requirement, unless, as in Ontario,
time-of-use or other dynamic pricing regimes are implemented. Similarly, for traditional
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conservation or energy-efficiency demand-side management programs, higher volumes of more
granular information are not required per se. The absence of a requirement for more data for these
business processes could help to explain why it has been difficult for utilities to cost justify the
widespread deployment of smart meters. On the other hand, when utilities are mandated (or
choose) to implement smart meters in the absence of a specific task requirement, they create
excessive IS-enabled information processing capacities which could, ironically, contribute to
diminished performance (Hicks, 2007; Prakken, 2004). In other words, the capacity of data
collection itself creates requirements for additional information processing capacities, such as
analysis. This idea is consistent with the literature in big data, which suggests that analysis, and
not collection, is the most difficult challenge associated with big data (Jacobs, 2009; LaValle et

al., 2011; Meijer, 2011).

With the deployment of the smart grid still in its early stages, there are few examples of utilities
that have implemented robust analytical capabilities for smart meter data. This situation may help
to explain the negative relationship between AMI deployments and EDM performance found in
Study 1. On the other hand, the case of eUtilityCo illustrates a number of examples in which
analysis played an important role in improving customer service. For instance, because eUtilityCo
deployed smart meters well in advance of the conversion to time-of-use rates, the organization
was able to collect two years of granular consumption data. This data was analyzed by eUtilityCo
to determine which customers were likely to see increases in their electricity bills and which ones
were not. This information was then incorporated into the conversion plans and communications
materials with customers to help set expectations. Ultimately, by providing this comparative

analysis to customers, eUtilityCo was able to maintain high satisfaction ratings and limit the
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number of incoming calls to the customer care center during the transitional period. On an on-
going basis, eUtilityCo continues to enhance its analytical capacities to support both their
customer decision-making with respect to consumption as well as to enhance programs such as

outage management, asset management and demand-side management.

The third information processing capacity of AMI considered in this research is communications.
Here, the findings of all three studies suggest that this is perhaps the most vital new information
processing capacity enabled by the smart grid. For instance, in Study 1, communication from the
customer to the utility in terms of electricity generation represents the main difference between
net meters and smart meters. It could be that this point of differentiation contributes to the
opposite effects observed between the two metering types. The results of Study 2 further support
the suggestion that communication is a key factor. The findings from the field study indicate that
when customers also generate electricity, they require a higher degree of interaction with the
utility and this can be facilitated through net metering devices and related communications
infrastructure. Beyond the case of net metering, however, eUtilityCo’s experience suggests that
extensive customer communication is essential to enhance organizational effectiveness and
customer satisfaction. From a technology perspective, this communication may not always come
directly from the smart meter, but leverages different aspects of the entire advanced metering
infrastructure, such as an MDMS (or MDM/R in Ontario), or eUtilityCo’s own ODS and CIS, the
internet, and mobile applications. For instance, eUtilityCo made consumption data available
online to customers through the eUtilityCo website. It also implemented a residential demand
response program which could trigger automatic reductions in electricity usage at critical demand

periods, and the company has begun to pilot the use of home area networks with residential
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customers. At the most basic level, eUtilityCo’s new relationship with customers was based on

frequent, two-way communications.

A final observation with respect to information processing capacities of the smart grid is that
communications capacities must also extend into the organization. In other words, collecting
large volumes of smart meter data and having it sit in an isolated data repository does little to
improve the information processing capacities for the organization on a global scale. eUtilityCo
invested significant effort in integrating corporate systems so that the same data could be used in
multiple business processes, from distribution to operations to billing. It is at this point, when
data flow quickly and without distortion across organizational systems, that true efficiencies

across the entire business value chain can be realized.

In summary, the three studies comprising this thesis find that information processing capacities
related to data collection, analysis and internal and external communications all contribute to
shaping the impact of the smart grid on utilities’ demand-side activities. However, there appears
to be a hierarchy among these elements with communications both with customers and inside the
organizations having a particularly elevated role. By sharing information across the organization
and with customers, utilities can improve their decision-making and leverage customer

relationships in order to achieve common goals.

7.1.2.2 Making Sense of Technological Change

As the previous discussion illustrates, it is difficult to understand the impacts of technical
capabilities of the smart grid without also considering the social dimensions. This is the nature of
socio-technical systems, where interactions between people bring meaning and understanding to
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the system (Bostrom and Heinen, 1977). At the highest level, the literature reveals that there is
not yet a single accepted conceptualization of the smart grid and the term means different things
depending on who is defining it and for what purpose (Fox-Penner, 2010). Similarly, big data is
not an objectively defined “thing” but dependent on temporal and situational context (Jacobs,
2009). It may be for this reason there is a substantial amount of turmoil within the electricity
sector as utilities try to define, in their own context, what the smart grid means. For instance, it
was observed in Study 2 that certain utilities were hesitant about the potential of smart meters.
Some questioned whether additional data were actually needed in order to conduct demand-side
management, and others believed that their current infrastructure using automated meter reading

devices were sufficient.

The results of Study 3 suggest that organizational sensemaking and framing has a major influence
on how utilities organize their activities and make decisions with respect to the smart grid.
Operating under the opportunity frame, eUtilityCo saw high potential value in the smart meter
data for the organization and its customers. However, eUtilityCo was still bound to an entrenched
core business process model reinforced by decades of tradition. Stability, reliability and safety of
the electricity grid define the core mission of the industry and its participants. eUtilityCo could
not expect to achieve a high level of success if it abandoned this tradition completely. Thus,
through interactions with the control and data limitation frames, the opportunity frame was
tempered and eUtilityCo was able to successfully implement smart meters and innovate a large

number of demand-side business processes.
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The enabling effects of the three frames in the case of eUtilityCo speak directly to the importance
of dynamic stability within the electricity sector. This may not be the case for all industries or
organizations. Because of the fundamental importance of electricity to the economy and society,
the perception of electricity as a public good, and the highly regulated nature of the industry mean
that market conditions such as those that apply to competitive firms in other industries are less or
not at all applicable. Unlike other less-regulated businesses, utilities do not have the opportunity
to ‘reinvent themselves’ in order to respond to changing demands or tastes. Nor perhaps do they
need to. Therefore, the concept of dynamic stability — innovating within established traditions - is

a key organizational enabler.

Finally, although the three frames adopted by eUtilityCo enabled the organization to gain
tremendous benefits from its investments in the smart grid, it must be recognized that frames can
also have a disabling effect. When an organization adopts or holds frames that are not consistent
or appropriate in a given context, they may actually constrain performance. Consider, for
instance, a utility that has witnessed major violations of information privacy among information-
intensive organizations, or is targeted by customer advocacy groups that are opposed to smart
meters. A utility in this situation might be more inclined to adopt a threat frame as opposed to an
opportunity frame. As it then approaches the deployment of smart meters, that utility might
emphasize technical and process elements that protect against risks, rather than deploying
resources to explore opportunities or engage in experimentation and risk-taking. Ultimately, the

unintended consequence of this approach could be reduced performance.
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In summary, this thesis finds that big data frames adopted by utilities influence the extent and
form of the impacts of the smart grid on utilities’ demand-side activities. Utilities operate in an
environmental context where dynamic stability is crucial. The frames of opportunity, control and
data limitation interact to support dynamic stability, which allow utilities to maintain core
performance while simultaneously innovating to enhance long-term performance in a range of

business processes and demand-side activities.

7.2 Future Research Directions

The smart grid is a broad and evolving vision for the future of the electricity sector. As a result,
there are many avenues for future research initiatives. Although this thesis was set within the
context of the smart grid, it is possible that the implications can extend to other contexts. When
organizations with a stable core business process model face the influx of big data, the need for
dynamic stability arises. This could occur, for instance, in other industries that have a highly
entrenched infrastructure or an obligation to serve without interruption. Governmental
organizations, such as cities, transportations systems, or eventually internet “utility”” companies,
could also fall into this category of organizations requiring dynamic stability. Drawing on the
findings of this research and with the goal of providing an integrated perspective for future
research, the thesis applies a higher level of abstraction and suggests a general framework related

to smart systems (Figure 7) that can serve to organize future research.
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Figure 7: Proposed Demand-side Smart System Research Framework

7.2.1 A Demand-side Perspective of a Smart System

Just as the power industry is moving towards a smart grid, other sectors are also developing smart
systems. New areas of practice and research are developing around concepts such as smart cities

(e.g., Kuk and Janssen, 2011), smart transportation (e.g., Schewel and Kammen, 2012), and smart

buildings (e.g., Snoonian, 2003). Despite the uniqueness of these different applications, a

common characteristic of these smart systems is the use of advanced information systems and
technologies to add intelligence into how they are managed. As seen with the smart grid, a large

part of this smartness comes from the new data that can be easily and cheaply captured and acted

upon. In other words, big data and smart systems go hand-in-hand.
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At the outset, smart systems have a number of impacts on organizations. On the IT side, smart
systems make available to organizations a new set of technological capabilities and big data. At
the same time, the emergence of the smart system influences consumers’ (demand-side)
expectations and creates new task requirements for the organization. Faced with these new
resources on one side and requirements on the other, the dynamically stable organization will
proceed through sensemaking and framing processes. Through these processes the organization
makes sense of the situation by redefining the customer relationship, reformulating the
information processing requirements, and selecting among the smart grid capabilities to secure
internal information processing capacities. It is posited that when the frames adopted by the
organization are consistent with and support dynamic stability, a degree of fit will be achieved

and the organization’s performance will be enhanced by innovation within tradition.

When sensemaking processes breakdown and fit is not achieved within the context of dynamic
stability, the framework suggests that organizational performance will be reduced. This could
occur in two situations. The first situation occurs if the organization accepts the technological
capabilities and big data as given, as might be suggested by an inevitability frame of reference. In
this case, the organization is more likely to invest very heavily in a number of different smart
technologies and develop information processing overcapacity. When this happens, information
waste ensues and performance suffers due to inefficiencies. Reductions in performance could also
occur if sensemaking breaks down with respect to understanding the changing demand-side
expectations. In this case, the organization may become constrained by traditional values of

stability and adopt an approach more consistent with the threat frame with the result that the
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organization is less likely to adopt smart technologies. Performance reductions would then ensue

because of the uncertainty associated with inadequate information processing capacities.

Finally, smart systems continue to evolve over time. Therefore, there will be a natural recurrence
of this process. The organization’s ability to innovate successfully will create new opportunities
to use the smart system, thus feeding back into the system and working through the sensemaking
and framing processes, creating fit between information processing requirements and capacities

and fostering new innovations.

Using this framework as a guide, four potential research streams are proposed.

7.2.2 Technological Capabilities and Big Data of Smart Systems

As identified in this research and illustrated in Figure 7, smart systems provide a range of
technological capabilities, including big data to organizations. Outside of the electricity sector,
research in this stream could explore the technological capabilities and big data that are afforded
by other types of smart systems. Within the electricity sector, research in this area could delve
deeper into the smart grid’s advanced metering infrastructure (AMI). At the time that this thesis
was completed, the implementation of AMI was limited primarily to smart meters. However, a
full-scale deployment of AMI includes other components such as meter data management
systems (MDMS) and home area networks (HAN). Future research that investigates these other
systems in conjunction with smart metering would provide greater insights into types of
information processing capacities afforded by the smart grid and how these impact utilities’
demand-side activities. Research in this area could take several forms, including quantitative
industry surveys to assess levels of adoption of these other components of AMI, technological
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characteristics associated with different components of AMI, and their impacts. Additionally, in-
depth case studies could explore how elements of the smart grid have been leveraged in order to

augment organizational information processing capacities.

7.2.3 Organizational Sensemaking and Framing of Big Data

This thesis has made an initial contribution to a theory of big data by identifying three frames of
reference and outlining how they interact to support innovation within tradition in the utility
sector. The context in which this emergent theory was developed is unique in two main respects —
first, being geographically based in Ontario it is applicable to this particular regulatory
environment. Across different jurisdictions, different regulatory regimes exist, some of which
mandate smart meters and some which do not. Second, this study focuses specially on the
electricity utility industry. However, big data is a phenomenon that is anticipated to impact other
industries, such as transportation, urban planning, and building management. Thus, to extend and
enrich the grounded theory developed in this thesis, future research could explore the social
dimension of big data in a variety of different contexts. In-depth case studies and ethnographic
research that longitudinally examine sensemaking processes around big data, the formation of
frames, managing paradoxes, and implications for organizations could prove fruitful in bringing

richer theoretical insights in this area.

7.2.4 Redefinition of Customer Relationships

One of the main implications of a smart system on the demand-side is the potential to change
relationships between organizations and their customers. In the smart grid, enhanced multi-
directional communication channels and greater information flows mean that traditional
interactions between utilities and their customers will be altered. The growing trend toward

distributed energy generation is one notable example of these changing relationships. This thesis
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has uncovered some interesting, although preliminary, findings with respect to net metering and
electricity prosumers. As regulatory bodies push utilities to integrate greater renewable energy
sources into their portfolios, the number of small-scale residential generators will continue to
grow. Future research that considers this change to the grid from a multi-disciplinary perspective
could be very informative to elucidating the factors and processes associated with a true, multi-
directional information-based power grid. Specific questions could include what information and
systems do prosumers require? What information and systems do utilities need to enable
distributed generation? How does the utility-customer relationship change? Are there additional
issues with respect to information security and privacy? How do various policy regimes for
renewable energy impact the pace of adoption and success of distributed energy initiatives? What
are the effects of distributed generation on the carbon footprint of the electricity sector from a
lifecycle perspective? Research approaches to these questions could include exploratory case
studies involving both utilities and their prosumers. In addition, design science or action research
approaches could be applied. For instance, IS scholars could work with peers in engineering to
develop a solution which includes generation capabilities, net metering capabilities, and IS. These
could be deployed in trials at various residential locations with the feedback being used both to

improve the artifacts and develop theory-in-practice.

7.2.5 Dynamic Stability as Conduit to Enhanced Performance

From the information processing perspective, organizational performance is optimized when
there is a fit between the information processing requirements and information processing
capacities. When there is a gap between information processing requirements and capacities (e.g.,
uncertainty), OPIT suggests that performance will suffer unless the requirements are reduced, or
the capacities are increased. The implications of this thesis however, suggest that there may be
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another way to achieve fit, which involves embracing the paradox of dynamic stability. This idea
of dynamic stability could be further refined and enhanced by future research that examines
dynamic stability in a range of different utilities (e.g., investor-owned vs. public utilities) and
other organizations. For instance, it has been suggested that the smart grid creates opportunities
for new information-based organizations to enter the power industry. Large organizations like
Google and Microsoft have made attempts and quietly withdrawn. Does the lens of dynamic
stability help to explain why some of these new entrants fail and why others succeed? In addition,
can predictive theory be developed to identify incumbent organizations or new entrants that are

likely to succeed or fail within the smart grid environment?

7.3 Contributions

This thesis makes several contributions to the study of information systems. First, this thesis adds
to the IS literature with respect to green IS. The smart grid represents one of the largest scale
applications of green IS. By using information systems and technologies to make the grid smarter,
the electricity sector hopes to reduce its footprint and move toward environmental sustainability.
Demand-side management programs, including those targeted at energy efficiency and load
management programs, represent cost-effective means of reducing consumption of electricity and
the need for harmful coal-based generation. Through the studies conducted in this thesis, there is
evidence to suggest that information systems deployed in the smart gird can improve utilities’
EDM performance, but could also reduce performance depending on the technologies put in
place. Thus, a major implication of this research is that when IS is deployed with the goal of
promoting environmental sustainability, it is even more crucial to ensure an appropriate fit
between the requirements of the task and the IS capacities being implemented. In addition, this
thesis highlights the importance of considering the full life-cycle environmental impacts of IS. If
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these two factors, the potential for information waste and the energy demands of the IS itself, are
not taken into account, the end result could be an IS solution that is actually more detrimental to

the environment in the long run.

Second, this thesis extends OIPT by integrating it with the concept of information waste. This
theoretical integration is novel in that previous research has not considered these two perspectives
within the same context. However, as demonstrated in this thesis, both perspectives are relevant
for understanding how organizations derive value from information. Under OIPT, task
performance is optimized when there is a match between the information processing requirements
and information processing capacities relative to the task. In the event that there is uncertainty (a
lack of fit), OIPT suggests that requirements must be reduced or capacities increased. This
perspective overlooks the potential situation in which the lack of fit is caused by over-capacities
relative to requirements. It is not clear from OIPT what the potential effects on performance
would be in this situation or the potential remedies in the situation that performance is negatively
impacted. Although it may be unusual for organizations to have excessive 1S-enabled information
processing capacities, this investigation into the smart grid suggests that this is a real concern,
particularly with respect to big data. As the volume and velocity of data from smart meters and
other devices grows rapidly, utilities may find themselves in positions of simply having too much
data. At this point, the literature on lean information management and the concept of information
waste helps to fill the void in OIPT. According to lean information management, situations of
excessive information within organizations can lead to inefficiencies because of the extra time

and effort that is required to deal with the data. As a result, performance can be diminished.
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Therefore, to maximize performance, organizations must consider both conditions of misfit and in

the event of overcapacities take actions to limit the collection of excessive data.

Third, this thesis provides new theoretical insights into the concept of big data. Big data is an
emergent phenomenon within the IS field and the limited research to date has focused on the
technological aspects, particularly associated with developing new analytics technigques and
methods for dealing with big data (e.g., Jacobs, 2009; Meijer, 2011). This research is novel,
therefore, because it examines big data from the perspective of a socio-technical system and
further develops the concept of dynamic stability in relation to big data. Specifically, the theory
builds on the concepts of organizational sensemaking and technology frames to identify three
main big data frames of reference. These frames, defined as the opportunity frame, the control
frame and the data limitation frame, explicate how an organization views big data and have the
effect of influencing organizational actions. Of the three frames, the data limitation frame is
particularly noteworthy because it challenges many conventional beliefs about the nature of big
data. It highlights the importance of critically assessing big data, rather than assuming its
objectiveness, accuracy and value to the organization. Understanding how these frames of
references influence organizational actions can help to ensure that maximum value is derived

from this strategic resource.

A fourth contribution of this thesis is the development of the dynamic stability concept. As the
pace of change in the business and technical environments increases, the literature has suggested
that dynamic capabilities are of paramount importance. However, this research indicates that in

certain industries, such as the electricity sector, elements of stability are also essential as they
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provide the necessary foundation on which innovation takes place. Rather than trying to resolve
the competing pressures of innovation and tradition, the findings of this thesis suggest that both
exist simultaneously in the dynamic stability paradox. Through the development of the grounded
theory, this thesis articulates how dynamic stability can contribute to enhanced performance by
enabling organizations to innovate while at the same time maintaining existing traditions and core

business process models.

7.4 Practical Implications

For practice, this thesis highlights a number of important social and technical considerations for
utilities with respect to the smart grid. First, the findings suggest that utilities will generally not be
well served by jumping on the smart grid bandwagon. In other words, utilities must critically
assess the business value of smart grid technologies within their specific contexts. It is also
important that utilities look beyond smart meters and advanced metering infrastructure to lay out
a holistic strategy for the smart grid across all areas of the electricity value chain in which they
participate.. Implementing different components of AMI in a piecemeal fashion may initially
create new capacities but unless processes or other capacities are in place, these investments

could go to waste and create operational inefficiencies.

A second implication is the need for organizations to examine their implicit perceptions of big
data. Despite hype in the field about the potential for big data to solve productivity challenges,
there are also inherent risks to big data. For instance, organizations that view big data as an
inevitability, whether through mandates or technological changes, may be less likely to use the
data to its full potential as compared to organizations operating under a control frame. Thus, it is
important for organizations to recognize that there are different ways of perceiving big data and
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that the particular frame or frames prevailing within the organization can influence organizational

responses and outcomes.

Third, the findings of this thesis suggest that the transition to the smart grid could be difficult for
both incumbent utilities and new entrants. For incumbent utilities, the rollout of the smart grid is
likely to pose significant short-term and long-term challenges and utilities will need to strive
toward a model of dynamic stability in which innovation builds upon, rather than destroys,
existing traditions. Failure to maintain the entrenched and core traditions of stability, security and
safety could potentially be as damaging to utilities as failure to innovate. Besides incumbents,
new entrants are also likely to face challenges in becoming established within the smart grid
environment. Although it has been suggested that 1S-intensive firms that are able to consolidate,
analyze, and communicate information to a variety of stakeholders could take a leading role in the
industry (Fehrenbacher, 2009), these firms may not come equipped with the elements of stability
that are fundamental to the safe and reliable generation and distribution of electricity. Without
this stable platform, new entrants risk creating solutions which are otherwise not appropriate for
the context. Therefore, IS firms looking to expand into this area would be well advised to seek
out industry expertise and ways to integrate this knowledge with their own. In this way, the IS
sector could fill an existing gap within the industry and be in a stronger position to contribute to a

smarter and more environmentally-benign electricity sector.

7.5 Conclusion

If the goal of environmental sustainability is to be achieved, significant changes must be made to
the way in which we generate and use electricity. The smart grid, enabled by advanced
information systems, is a critical part of the solution. There is much to learn about this emerging
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smart grid and its implications on our society, utilities, and consumers. This thesis has made
initial contributions to building knowledge in this area and provides a base for future research and

practice. Immense possibilities come with the smart grid; now is the time to act.
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Appendix A

Study 1 Description of Data

Table A- 1: Study 1: Breakdown of Consumer Subsegments (2010)

Sector

Residential
Commercial
Industrial

Transportation
Total

# of utilities reporting
consumers

660
662
548

41
675

Average # of consumers
per utility
140,484
19,415
833

5
157,079

Table A- 2: Study 1: Listing of Potential Dependent Variable Measures

Effect Category Measure Name* Description*
Energy Efficiency ENERGYEFFINCRES Residential Incremental Energy Efficiency
Energy Effects (MWh).
Energy Efficiency ENERGYEFFANNRES Residential Annual Energy Efficiency
Energy Effects (MWh).
Energy Efficiency EEFACTUALPEAKINCRE | Residential Incremental Energy Efficiency
S Actual Peak Reduction (MW).
Energy Efficiency EEFACTUALPEAKANNRE | Residential Annual Energy Efficiency
S Actual Peak Reduction (MW).

Load Management

LOADMNGEFFINCRES

Residential Incremental Load Management

Energy Effects (MWh).
Load Management | LOADMNGEFFANNRES Residential Annual Load Management
Energy Effects (MWh).
Load Management | LMPOTENTPEAKRED- Residential Incremental Load Management
INCRES Potential Peak Reduction (MW).
Load Management | LMPOTENTPEAKRED- Residential Annual Load Management
ANNRES Potential Peak Reduction (MW).
Load Management | LMACTUALPEAKRED- Residential Incremental Load Management
INCRES Actual Peak Reduction (MW).
Load Management | LMACTUALPEAKRED- Residential Annual Load Management
ANNRES Actual Peak Reduction (MW).

* from Form EIA-861 year 2010 data files instructions. Available at:

http://www.eia.gov/electricity/data/eia861/index.html

MWh refers to megawatthours
MW refers to megawatts
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Table A- 3: Studyl: Breakdown of Utility Ownership Types (2010, before consolidation)

Ownership # of Percent of  Mean: Energy Efficiency  Mean: Load Mgmt
Type utilities total Effects Effects

Government 49.4% 14,302.70
Cooperative 219 33.2% 1,788.66 3.00
Investor-owned 115 17.4% 197,798.25 27.19
Total 660 100.0% 42,123.03 6.18
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Appendix B
Study 1 Utility Locations Analysis

There are multiple reasons why different regions may have different effects of energy efficiency
demand management programs, including customer mix, climate conditions, political or
regulatory context, regional economic conditions, and general culture of conservation. Hotter
climates, in particular with a high penetration of air conditioning and pools (due to power
consumed by pool pumps) can have significant impact on utilities EDM programs. The 2011
State Energy Efficiency Scorecard (Sciortino, 2011) is the fifth annual evaluation and ranking of
states based on a range of metrics related to best practices in energy efficiency policy and

program implementation. Figure 1 below, illustrates the results and 2011 ranking by state.

Colorndo
12

I Ranks 1-10
I Ranks 11-20
) Ranks 21-30
Ranks 31-40
Ranks 41-51

Source: American Council for an Energy-Efficient Economy

Figure 8: Results of ACEEE's 2011 State Energy Efficiency Scorecard
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Because of the large number of states and the variation in number of utilities per state, it was not

practical to control for each state individually. The data were examined using a series of

ANOVAs and the control variable was defined by dividing states into two groups: those in the

top ten in energy efficiency ranking and all the others (40 states). This choice was based on the

rationale that the demand-side management environment was more similar (favourable) in the top

ten states as compared to the others. Table 3 gives a breakdown of the mean energy efficiency

and load management effects for the two groups.

Table B- 1: Breakdown of Utilities by State

State

Massachusetts
California
New York
Oregon
Vermont
Washington
Rhode Island

Minnesota
Connecticut
Maryland
Total — Top
10

Total - Others

2011
Ranking

# of Utilities
14

25
14

16

48

141

519

Mean: Energy Efficiency

Effects (MWh)
1,276
364,869
46,327
37,420
542
208,999
107,307
13,082
207,637
82,674
110,920

23,432

Mean: Load Mgmt

Effects (MW)

0.03
25.56
2.43
0.00
0.00
0.00
0.00
12.32
0.00
4.08
9.14

5.38

224



Appendix C
Study 1 Distribution of Data (Untransformed)
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Figure 9: Residential Customers Historgram
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Figure 10: Energy Efficiency Effects Histogram
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LMACTUALPEAKREDANNRES
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Figure 11: Load Management Effects Histogram
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Mean = 18837
Stel. Dev. = 1944913
M = BE0

600
==
£ a0
@
3
T
@
1™
w
200 \
0 — T T T T T
0 10000 20000 30000 40000 50000

NET_METERING_CUST_RESIDENTIAL

Figure 12: Net Metering Histogram
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Figure 13: AMR Metering Histogram
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Figure 14: Smart Meters Histogram
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Appendix D

Study 1 Outliers and Influential Cases

Table D- 1: Univariate and Multivarite Outliers

Utility Multivariate

ID

Outliers”

Univariate Outliers”

Residential
Consumers

Energy

Effects

Load

Efficiency | Managemen

t Effects

AM
R

AM

Net
Meterin

g

195

733

3046

==

4110

=

4176

4226

=<

4254

5416

6452

SR B

6455

7140

s

=

11804

13781

14328

=< =<

14354

14715

14940

15248

15466

15477

el S LS Sl

15500

16609

==

17609

=< =<

=<

19436

19876

20847

=<

Notes:

* based on Malholta’s distance with value greater than 31.77 (6 predictors, n=500, p=.01)(Barnett and

Lewis, 1984)

® based on z-score greater than 3.29
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Appendix E
Study 1 Regression Analyses

Table E- 1: Results of 2010 Regression Analysis: Energy Efficiency Effects (including
influential cases)

Variables Model 1* Model 2 Model 3 Model 4
Number of consumers — 0.78*** 0.84%** 0.40%** 0.19%**
Ownership® -0.19%** -0.15%%* -0.09%* -0.03
Location® -0.06* 0.06* 0.07** 0.02
AMR Metering -0.16%** 0.03 0.06**
Smart Metering 0.55%** 0.24%**
Net Metering 0.57%**
F 209.12%** 169.41*** 268.72%** 479.81%**
AF 209.12%** 26.19%** 327.83%*** 503.3]***
R? 0.489 0.508 0.673 0.815
AR? 0.489 0.020 0.164 0.143
Adjusted R? 0.487 0.505 0.670 0.813

Notes.

* Model statistics are standardized betas.

® Coding: 1 = investor-owned, 0 = non investor-owned.

“Coding: 1 = top ten energy efficiency states; 0 = all other (40) states.
*p <0.05, **p < 0.01, ***p < 0.001.

Table E- 2: Results of 2010 Regression Analysis: Load Management Effects (including
influential cases)

Variables Model 1° Model 2 Model 3 Model 4
Number of consumers ~ 0.41%** 0.34%** 0.60*** 0.51%**
Ownership® -0.03 -0.07 -0.10% -0.08
Location® 0.01 0.01 0.01 -0.01
AMR Metering 0.18%%* 0.07 0.08
Smart Metering -0.32%** -0.45%**
Net Metering 0.26%**
F 40.48%** 35.88%** 40.09%** 38.96%**
AF 40.48%** 18.76%** 46.90%** 25.74%**
R? 0.156 0.180 0.235 0.264
AR? 0.156 0.023 0.055 0.029
Adjusted R’ 0.152 0.175 0.229 0.257

Notes.

* Model statistics are standardized betas.

b Coding: 1 = investor-owned, 0 = non investor-owned.

¢ Coding: 1 = top ten energy efficiency states; 0= all other (40) states.
*p <0.05, ¥*p <0.01, ***p < 0.001.
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Appendix F
Study 2 GREB Research Approval

Queens

OFFICE OF RESEARCH SERVICES

Ms. Jacqueline Corbett Fleming Hall - Jemmett Wing, 3rd Floor
Ph.D. Candidate quen's Univurs‘ity
Queen’s School of Business Kingston, Ontario k71 386
Queen’s University Tel 613 533-6081
143 Union Street Fax 613 533-6806
. ors@queensu.ca
Kingston, ON K7L 3N6 www.queensu.ca/ors

Dear Ms. Corbett:

GREB Ref #: GBUS-309-11
Title: “Demand Management in the Smart Grid Environment”

The General Research Ethics Board (GREB), by means of a delegated board review, has cleared your
proposal entitled “Demand Management in the Smart Grid Environment” for ethical compliance
with the Tri-Council Guidelines (TCPS) and Queen’s ethics policies. In accordance with the Tri-
Council Guidelines (article D.1.6) and Senate Terms of Reference (article G), your project has been
cleared for one year. At the end of each year, the GREB will ask if your project has been completed
and if not, what changes have occurred or will occur in the next year.

You are reminded of your obligation to advise the GREB, with a copy to your unit REB, if applicable,
of any adverse event(s) that occur during this one year period (details available on webpage
http://www.queensu.ca/ors/researchethics/General REB/forms.html — Adverse Event Report Form).
An adverse event includes, but is not limited to, a complaint, a change or unexpected event that alters
the level of risk for the researcher or participants or situation that requires a substantial change in
approach to a participant(s). You are also advised that all adverse events must be reported to the
GREB within 48 hours.

You are also reminded that all changes that might affect human participants must be cleared by the
GREB. For example you must report changes in study procedures or implementations of new
aspects into the study procedures on the Ethics Change Form that can be found at
http://www.queensu.ca/ors/researchethics/General REB/forms.html - Research Ethics Change
Form. These changes must be sent to the Ethics Coordinator, Gail Irving, at the Office of Research
Services or irvingg@queensu.ca prior to implementation. Mrs. Irving will forward your request for
protocol changes to the appropriate GREB reviewers and / or the GREB Chair.

On behalf of the General Research Ethics Board, I wish you continued success in your research.
Yours sincerely,

e

Joan Stevenson, PhD
Professor and Chair
General Research Ethics Board

c.c.:  Dr. Jane Webster, Faculty Supervisor and Co-applicant
Dr. Jane Webster, Chair, Unit REB
Research Office, c/o Amy Marshall

1S/gi
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Appendix G
Study 2 Interview Guide

The interviews will be semi-structured. The questions will be used to guide the discussion around
particular topics of interest to the research, but also allow for participants to augment the flow
with topics of particular relevance to them. During the interview, the researcher will pick up on
responses from participants and prompt further discussions. In general, the same themes will be
covered with all participants, except as noted.

Rapport-establishing and background questions:
The initial set of questions will be more general in nature to create a degree of comfort between
the participant and the interviewer and to collect general background information.

How long have you worked at [Company name]?

Can you briefly describe your company’s principle business (e.g., type of organization, size,
region, ownership, etc.)

What are your primary job functions and responsibilities?

How is demand management defined within your organization? What types of initiatives for
demand management do you have in place? [For vendors: what types of demand management
initiatives do your products support? For regulators: what types of demand management
initiatives do you monitor/oversee?]

When were these initiatives introduced?

What does the ‘smart grid’ mean to you / your organization? Where are you in the process of
moving to smart grid?

How important are information technology and systems currently to your business? [For vendors
and regulators: How important do you think information technology and systems are to the
electricity sector / industry participants?]

Information Processing Requirements:

Information processing requirements refer to the amount and nature of the information required to
perform a task. In relation to demand management,

What information is needed to perform demand management? Is this changing? How?

Prompts (as applicable). [For vendors: prompt about challenges their clients are facing. For
regulators, prompt about their role in demand management activities and changes faced by the
industry]

How often to you collect data from customers? Is the process automated?

Have you implemented new demand management strategies that require new information?

How does the inclusion of distributed, local or green electricity generation affect demand
management activities?

How much interdependence is there between demand management and supply management?

To what extent are customer expectations changing?

How predictable are customer responses to demand management programs? Are these changing?
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Information Processing Capabilities:

Information processing capabilities refers to the knowledge, systems and expertise required to
perform the task. In relation to demand management:

What do you think are the most important skills/lknowledge necessary to do demand management
well?

To what extent does information technology and systems support your demand management
activities?

Prompt (as applicable). [For vendors: prompt about capabilities their clients are developing. For
regulators, prompt about how the industry is developing new capabilities]

How do you ensure the correct data is collected?

How do you store the data?

To what extent is the data analyzed?

Do you use the data to perform prediction models

Do you have an advanced metering infrastructure which allows two-way communication with
customers?

Do you have a meter data management system?

Do you expect to make investments in information technology or systems to support demand
management activities?

What are your organization’s biggest gaps in terms of information processing capabilities? Have
these changed over time?

Demand Management Effectiveness:

How do you [For vendors: your clients] measure demand management effectiveness or
performance?

Do you compare your performance with others in the industry? [For regulators: how do you
compare the demand management performance of organizations in the industry?]

Is there a benchmark you use for assessing performance?

What are the implications/consequences of good or bad performance of demand management
programs?

Has your performance changed over time? How so and why? What have been the effects of the
implementation of the smart grid?

Customer Support

When a new demand management initiative is put in place, what communication and support is
given to customers?

What are customers’ biggest barriers to adopting demand management initiatives?
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Appendix H
Study 3 GREB Approval

March 21, 2012

Ms. JTacqueline Corbett
PhD. Candidste

Jmeen’s School of Business
Queen's University
Kingston, ON K7L 3N6

GRER Ref # GBUS-342-12; Romen # 6006731

Title: "GBUS-342-12 Investizating the role of information systems in eleciricity conservation and demand
management”

Dear Ms. Corbett:

The General Research Ethics Beard (GRER), by means of a delegated board review, has cleared your proposal
entifled " GBUI5-342-12 Investipating the role of information systems in electricity conservation and demand
management” for ethical complisnce with the Tr-Coumncil Guidelines (TCPS) and Qmeen's ethics policies. In
accordance with the Tri-Coundl Guidelines (article D.1.6) and Senate Terms of Reference {article ), your project
has been cleared for one yesr. At the end of each year, the GREB will ask if your project has been completed and if
not, what changes have ocomrred or will ecowr in the next year.

Ymmmﬂmmmmmmﬁmmammmmtm ofmyad\ra'sewm(s)mat
occur during this one year period (access this form at Jips./ecer 2 g ” "

Events - GREB Adwverse Event Beport). Anmmmdndﬁ,hlsmhmnmdm,ammlm,schmgem
umexpected event that alters the level of risk for the researcher or participants or sifuation that requines a substantial
change in approach to a participant(s). Yiou are also advised that all adverse events nmst be reported fo the GREB
within 48 howurs.

Yom are also remimded that all changes that might affect bumsan participants must be cleared by the GREB. For
example you nmst report changes o the level of nsk, Wmmmmm‘hmﬁm
procedures. To make an amendment, access the spplication at Qiips./fece gueen [Neg Jeseq

click Events - GREBAmﬂﬂmmttﬂAmmmdSmdyFumnmethangeswnmmmﬂy smtmﬂ:eEﬂnB
Coordinator, Gail Irving, at the Office of Racearch Services or Iyinesgiqueensy .oy for firther review and clesrance
by the GREB or GREB Chair.

Om behalf of the General Research Ethics Board, I wish you contiomed success in your research.

Yours sincerely,

Joan Stevenson, PhI.
Professor and Chair
General Research Ethics Board

o Dr. Jane Webster, Famlry Supervisor
Dir. Jane Webster, Chair, Unit REB
Amyy Marshall, o'o Research
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Appendix |
Study 3: Case Details

Table I- 1: Case Study Event Sequencing and Analytic Questionning

Actions/interactions

Date | General EDM IS Events Project Events
Company/Industry

2003 | Blackout in

-08- | northeastern North
14 America,
including Ontario

& Consequences

Provides
motivation/catalyst
for Ontario’s
emphasis on CDM,
green energy and
smart grid.

2004 eUtilityCo makes
formal submission
commenting on
government’s draft
Smart Metering

implementation plan.

Externally the
company links smart
meters with CDM.
This is different from
the political focus on
energy prices (and
later green energy).
Internally, the
connection between
smart meters and
CDM (based on
participant
interviews) is less
obvious. Is this just
marketing/decouplin
g? Operational
efficiencies are seen
internally as big
gains for the
company and their
customers but are not
reflected in external
messaging. Why?
Possibly eUtilityCo
believes
sustainability is more
appealing topic for
customers, likely to
receive favourable
response, afraid of
admitting how
outdated their
systems are?
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General
Company/Industry
Six largest utilities

EDM

IS Events

Project Events

Actions/interactions
& Consequences

-04 in Ontario form
powerWISE to
promote energy
conservation and
sign memorandum
of understanding
to collaborate on
smart meter
rollout
2005 eUtilityCo Demonstration of
avoids “old” DR
rotating technology:
blackouts requesting customers
because of to cut back
customer consumption through
response to media requests
conservation
requests
(done through
media)
estimated 5%
reduction
2005 eUtilityCo Beginning of digital
launches age where company
new website uses internet to
which communicate with
allows customers.
customers to
access
account
information
online
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Date

General
Company/Industry

EDM

IS Events

eUtilityCo
makes
WATT
meters
available to
residents

Project Events

Actions/interactions
& Consequences
Another low-tech
moving to higher-
tech solution to
home energy
management;
sensitizing/educating
customers in advance
of smart meters. Did
this really achieve
any energy savings?
Did it affect
employees’
awareness/knowledg
e regarding
electricity use that
would help them in
the smart meter
project?

2005

eUtilityCo provides
input into design and
requirements for

smart meter program

eUtilityCo working
behind the scenes,
leveraging
connections to
influence the
definition of smart
meter. How do
people who have
come from smaller
utilities transition to
being a “big” player?
Were they all
ambitious before the
merger? This
contradicts
traditional view of
staid, conservative
(bureaucratic) local
utilities.
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Actions/interactions
& Consequences

Date | General EDM IS Events Project Events

Company/Industry

2005

Completed
conversion
of CIS,
installation
of new GIS
system,
Phase 1 of
financial
system
migration
and
consolidatio
n onto single
application
and
technology
platform

Laying the
technology
groundwork. During
this first post-merger
year, the company
focused on core
systems, giving them
experience in large
system integration
projects. This created
further opportunity
for unfreezing
existing biases and
practices across the
amalgamated
organizations and to
develop a common
vision (strategic) and
platform
(operational) for the
smart grid/smart
meter project.

2006
-03

Royal assent for
Energy
Conservation
Responsibility
Act, 2005 (Bill
21). Bill
centralizes meter
data management
and repository
(MDMR)
functions,
oversees
regulatory and
rate setting
activities,
provides powers
to LDCs for
procurement of
AMI.

eUtilityCo has been
working behind the
scenes to influence
the content and form
of legislation which
now becomes reality.
This is the mandate
and it is now
inevitable that smart
meters and
provincial MDMR
will be implemented
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Date

2006

General

Company/Industry

IS Events

eUtilityCo
launches
automated
outage
notification
system

Project Events

Actions/interactions
& Consequences
This project was not
mandated by
government.
Continued
technological
upgrading and
leveraging: more
intelligence in
operations, faster,
two-way
communication with
customers.
Demonstrates
foresight that
operational data
streams and outage
management could
benefit from AMI
and make significant
contributions to

company
performance.
2006 | Provincial CLD is de facto As one of the largest
-08 government industry-wide LDCs in the

commitment to
install 800,000
smart electricity
meters by 2007
and every home
by 2010. Six
urban LDCs
selected to install
and operate first
smart meters. In
addition to the 6
members, 7 other
designated “early
adopters” allowed
to pilot smart
meter
technologies.

steering group and
eUtilityCo is
assigned to it.

P5 is assigned to
Smart Meter project
in Fall 2006.

province, eUtilityCo
did not have a choice
about participating in
the
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Date = General

Company/Industry

eUtilityCo
launches
peaksaver
residential
pilot
program.
Pilot uses
paging
technology
directly to
thermostat to
automatically
adjust.

IS Events

Project Events

Actions/interactions
& Consequences
Starting to
acclimatize
customers to direct
control of appliances
by utility; however,
technology by-passes
smart meter and uses
pager technology.
Why? Might be due
to technological
readiness (meters are
not in place and fully
tested yet), might
also be risk
mitigation:
protection of smart
meter brand. If
something goes
wrong with
peaksaver, customers
can’t “blame” it on
the smart meters,
therefore, the smart
grid/smart meter
project can continue
in terms of collecting
data and supporting
operational
efficiencies and once
proven could replace
these types of CDM
programs that
customers and staff
are already familiar
with.
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Date

2006

General
Company/Industry

EDM

IS Events

243

Project Events

Fall/winter 2006 —
spring 2007
eUtilityCo working
with steering
committee to
develop minimum
meter specifications

eUtilityCo engaged
in smart meter pilots
with 3 vendors (2
became approved, 1
not)

Consultant engaged
to help in AMI
vendor selection
process

Actions/interactions
& Consequences
eUtilityCo “didn’t
want to participate”,
but rather than being
resigned to their fate,
they embraced
change. During this
phase, eUtilityCo
had more control as
an early adopter to
choose their
deployment
approach and
vendor. Subsequent
utilities were
“assigned” meter
technologies to use.
Wonder if their
purported
‘reluctance’ was
superficial,
deflecting some of
the potential
criticisms by
pointing to a
government
mandate. It is
unlikely that smart
meters and MDMR
would have survived
a robust business
case evaluation in
terms of automated
readings, but by this
point eUtilityCo
must have foresaw
the potential of all
the other data
streams (e.g., ODS).
Other “early
adopters” implement
because they have to
and don’t have
resources of
imagination for
seeing what these
new data can do and
implement the smart
meters/ MDR as a
technical project
rather than as a
business project.




General

Project Events

Actions/interactions

2007
-04

Company/Industry

CLD announce
release of 2006
progress report
showing 413
MWh'’s have been
taken off grid in 2
years since
program was
initiated.

IS Events

& Consequences

2007

eUtilityCo begins
deployment of smart
meters

internal steering
committee and core
working group
formed

Consultant hired to
begin documenting
business processes.

At this point,
eUtilityCo is
beginning to
recognize the far-
reaching impacts of
the project on the
organization. Thus,
the cross-functional
team was
established. Who
recognized the extent
of impacts? What
lead to this insight?
Was there
disagreement with
respect to the scope
of change necessary?
Perhaps eUtilityCo
because of rich
industry experience
of senior managers
and insight gained
from LDC steering
committee.

Weekly meetings
with meter vendors
continued past
project completion
and are now a part of
the ordinary course
of business
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Date | General IS Events Project Events Actions/interactions
Company/Industry & Consequences
2007 Under Proof of concept,
enerShift movement from
(DR) manual (media-
program, based) requests to
automated automated requests
request sent and response.
out to Success
business demonstrates
customers to potential value to
reduce eUtilityCo, power of
consumption smart,
(and they communication
responded) technologies (albeit
pagers)
2007 Begins verification
of billing quantities
reported from smart
meters/MDMR.
Begins modifying
billing processes.
2008 eUtilityCo begins
AS2
design/implementati
on and connectivity
testing
2008 | Coalition of Large
-05 Distributors
announce 2007
savings from
CDM
2008 eUtilityCo TOU still not in
activates effect, and this has
residential nothing to do with
peaksaver smart meters,but
program for does general public
first time (customers) see it
that way?
2008 Fall 2008: Internal
company workshops
to educate customer
service/billing and
metering staff.
For workshop
eUtilityCo, brought
in other consultant to
facilitate.
2009 Begin redesign of

other business
processes
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Date

General
Company/Industry

EDM

IS Events

Project Events

MDMR testing and
initial customer
pilots.

Actions/interactions
& Consequences
This plan is the
culmination of 2-3
years of work,
planning and
preparation. Is it just
as simple as a well-
run technology
implementation
project? This is a
great example of
juggling or “keeping
all the balls in the
air”. How to juggle,
stay focused, and add
more balls to the mix

(e.g., Barrie
merger)?
2009 Begins Operations guys
implementin understood value of
g AMI data stream.
outage
management
-GIS
interface
(closely
related by
distinct from
smart
meter/TOU
project).
2009 | Green Energy Act eUtilityCo began
-05 (Royal assent), implementing smart
enables FIT (and meters 2 years ago
microFIT) and and is ready to go on
Time-of-use TOU. Is there any
(TOU) rates. advantage to being
first, except to be
first? Lots of
disadvantages and
yet eUtilityCo
seemed to escape
with very little
negative publicity or
ramifications.
2009 Begin production

migration
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Date

General
Company/Industry

eUtilityCo
launches
online
consumption
inquiry
functionality

IS Events

Project Events

Actions/interactions
& Consequences
Demonstration in
trying to extend
customer value from
smart meters.
Recognizes that
TOU does little for
customers (cost
neutral) so what is in
it for them?
Enhanced
information through
website.

2010
-08

OEB
determination
establishing
mandatory
deadline rollout of
TOU

Government
mandates completion
date. Sets the clock
ticking, although at
this point it is highly
irrelevant as
eUtilityCo already is
well on way and has
plans for achieving.
Is this a conscious
strategy to regain
control of destiny?
E.g., set objectives
that are more
aggressive than the
requirements, then
the company is
working toward its
own goals and the
mandate becomes
irrelevant. Same
applies to data —
don’t let it control us
— set higher
standards so that it
becomes irrelevant.

2011
-01

Ontario
government
introduces 10%
Ontario Clean
Energy Rebate to
offset costs of
rising energy (in
place through
2015),
administered by
LDCs
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General
Company/Industry
Application for
TOU extension
for GS<50kW to
Feb 1, 2012 due to

IS Events

Project Events

Virtually all
residential smart
meters were installed
by end of 2010

Actions/interactions
& Consequences

Is this a chink in the
armour? The leader,
eUtilityCo requests

extension for

concerns deadline. commercial entities

regarding: higher citing concerns for

bills for customers. Could

businesses unable they have truly

to shift implemented? If goal

consumption, of company to

impact on total exceed expectations,

bill, haven’t why back down on

implemented OPA this?

CDM programs to

offset costs

2011 All residential Passes without
customers moved to | notice, eUtilityCo is
TOU by mandated done (almost, except
deadline for businesses and
holdouts)

2012 eUtilityCo Does this use the
launches smart meters?
peakSaverPL Leveraging
US program technology
for residential investments and
customers. information.
Participants
will get in-
home energy
display to
allow them to
see in near
real-time
their energy
consumption
and control
devices

2012 eUtilityCo to Does this leverage
launch Home smart meters? Data?
Area

Network pilot
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Appendix J
Study 3 Interview Guide

How was [specific business process] done before smart meters were implemented?
Who was involved?

What information was used? Where did it come from? Where did it go?

What was the timing of activities?

What were the limitations/challenges/problem areas in the process?

How have things evolved over time?

How is the [business process] done now?

Who is involved?

What information is used? Where does it come from? Where does it go?
What is the timing of activities?

What are the limitations/challenges/problem areas in the process?

What benefits have been realized as a result of the project?

How did the smart meter project happen?

Who led the change?

What was the scope of change — at the start? At the end?

How long did it take?

What were the major milestones and deliverables?

Where/when did you encounter problems and how were these resolved?
What skills/knowledge did you [project group] need to acquire?

What surprises did you encounter?

What was unique about the project?

If there is one thing you would change about the project, what would it be?
How would you rate the success of the project? Why? What were the major things that
contributed to success?

Information technology

How is information used in [specify] process?

To what extent do the IS support the process? What works, what doesn’t?

What information is captured and stored? How is it used? How is it communicated?

To what extent does IS support real-time decision-making? Strategic decision making or
planning?

Who is responsible for data quality?

Outcomes

How have the project/smart meters affected performance?

Who has been most impacted by the changes (internal staff, business partners, customers, others)?
How?

What were/are other organizational outcomes of the project?
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Appendix K
Study 3 Analytic Memo Regarding Data

In this analysis, | am looking to better understand the category (higher-level concept) of ‘data’.
The IS literature and emergent ‘big data’ work has its one view of data, so I am interested in
comparing it to how this organization and individual participants view it. What are its
characteristics and properties, interactions and consequences? What is the process of data, not so
much from a technical perspective, but from an organizational perspective?

During the first phase of coding, “data” emerged as one of the most prominent and recurring
concepts. All interview participants and many of the documents referred in some way to the
concept. However, it appears that “data” is not a homogeneous concept, but more like a category
made up of a collection of other concepts. Top of the list is the concept of “merging and
integrating systems”. For eUtilityCo, a large preoccupation in the core and related projects is the
integration across systems, rather than data collection itself. With smart meters deployed
collection of data was easy and (incrementally) cheap. Participants spoke of many different
systems (MDM/R, CIS, GIS, ODS, OMS) where data were transferred and synch many times.
This makes me think about the concept of “data reuse”: that is using the same data in multiple
ways: systems, processes, etc. This is one of the main ways in which eUtilityCo derived
substantial value from the smart meter investments (“capitalizing on investment”). The concepts
of “process change” and “exception management” also relate to the overall category of data.

Exception management is an interesting concept, one that I did not really expect. In the past,
when all data was manually collected from meters, there were only a dozen or less data points a
year. As a counter, the meter mechanism was simple and the process was “self-correcting”. In
other words, if one meter read was not available, it was not a big deal: it could be estimated fairly
simply and then at the next meter read there would be a “true-up”. So, although there may be
temporal errors (some over/under billing/consumption values in one or two periods), over time,
the information was accurate and billing amounts were correct. If “smart” meters are used just as
counters the same way as electro-mechanical devices, then there is no issue. However, when we
start to add “smarts” into the technologies to look at consumption within different buckets, then it
changes the dynamics. For eUtilityCo, this was tied to the move to time-of-use prices, but would
equally apply I think if a company wanted to have any kind of more granular consumption date
(e.g., hourly). Technologically, one of the main problems occurs when the smart meter stops
communicating. When this happens, the hourly data reads are not being sent to the main systems
from which other business processes (outage management, billing, etc.) originate. Depending on
how long the meter is out, there could be a little or a lot of missing data and it becomes very
“difficult to go back in time” to determine how much consumption was in each of the time
buckets. Thus, there are new processes to detect problems with the smart meter technologies and
to rectify the situation once it becomes know. On the back end, this means more work for the
humans who have to deal with exceptions and problems in downstream business processes. In
eUtilityCo, this was manifest in the billing processes, where front-line staff expresses some
frustration at the delays in getting out the bills when there is a problem and the change in
processes that reduces their ability to deal with exceptions quickly and efficiently. Here they
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spoke of “waiting for the system” in order to do its thing. This also ties into the concept of an
“unforgiving system”: basically, if it doesn’t get the data it wants/needs when it want/needs it,
then a whole bunch of problems can occur downstream. The image | have is of these people
bending and adjusting their workflows to accommodate the requirements of different systems.
The provincial MDM/R is a prime example. Because it is a central system, the requirements are
given. All utilities must provide the same data and interface with the system in a set way. If
utilities (as in the case of eUtilityCo) want to “go beyond” these requirements, then they have to
put additional processes (technological or human) around the MDM/R. Although maybe not the
main driver for the development of an Operational Data Store (ODS), having the ODS certainly
helped in downstream processes. Also, because the organization has good foresight, these data
that they are collecting can help to provide value across the organization, enabling them to
“experiment” and “capitalize on investments”.

Although employees expressed frustration at constraints brought about by data processing
requirements, there is also a positive flip side. That is, that front line staff also felt more informed
and empowered to answer customer questions. In the past, if customers called about high bills,
the best they could do was have the customer go out and read the meter and then compare to the
meter readings in the system. If the readings were accurate, then they could compare to previous
months as a reality check. With access to more granular data the customer service/billing
representatives can look at consumption day-by-day and hour-by-hour to try to identify abnormal
usage peaks. For instance, they could tell the customer: “last Saturday afternoon, there was a big
spike in consumption. Were you doing anything special at that time?” and then the customer
might remember something that could account for the rise in consumption.. To achieve this, the
organization needs to actively engage in “upgrading employee skills” and developing “new
tools” for them to use.

Concept Quotation
Merging-integrating | We said, "You know what? I'm building one file and | am sending it to MDM/R,
systems I'm sending it to the AMI, and I'm sending it to the ODS all at the same time. That

way, all three people have all the same information in the same format and | don't
have any finger-pointing going..." (P4)

Process change So | mean a windstorm hits and knocks down some poles. | mean that part of the
process hasn't changed too much, with trucks out there with cable, run it. But
providing good service certainly requires change, better use of data and things like
that. (P1/P2)

Exception Now you've got just a million different types of — now I'm exaggerating — of

management exceptions, and the ways that you fix those are very different depending on the
nature of the exception. So billing has become a lot more complicated with the data.
(P2)

Capitalize on I think in earlier days we were figuring out, "Well, what's actually available to us

investments now?" One of the very best things, of course, was outage and power quality data

that we never had before. Suddenly you had information from the premise level. All
we'd ever had before was at the feeder level. There's 2,500 customers roughly per
feeder. So our SCADA enunciation kind of tells you what's happening there but
you're blind beyond that. With the installation of a smart meter, suddenly you had a
remote data acquisition tool that only cost $65 that tells you literally what's
happening at the premise. (P5)
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Experimenting 2005 we were doing some pilots. 2006 we were looking at data from some pilots,
seeing how...time of use, maybe [provided] savings for customers or not, just
trying to check out some of that data. (P6)

New tools | find the smart meters, we had so much more tools to access the customer

information right at hand. We could see it right in front of us. We could tell them
what their meter readings were through a website we have that can look up the
meter readings. We had hourly data on what they're using, so we could tell them an
hour ago what they were using. So I found it more useful... it's easier to explain to
the customer where they're using the hydro, and when a customer can visually see
what they're using, | found that it's a lot easier to deal with a high bill complaint
than with the conventional meters because you didn't have any of that. (B7)

Unforgiving system

Hard part was making sure the data was right, actually. Getting all the processes in
place, making sure everyone... the CIS was changed properly, because we went
from a system that was very forgiving, being the fact that the old meters, whether...
if we missed the read, estimated it wrong, it was self-correcting. There [were] all
the processes that were in place for the last 50 years. Now we're changing business
processes. Now we have to worry about two decimals. Now we have to make sure
that we have the right meter on at the right customer at the right time. We have to
make sure that the meter changes happen in a timely manner. (P4)

Business Process

because we had looked the data already, then it was business process that had to
change. (P4)

Going beyond

So eUtilityCo has really taken a best practices approach to making sure that their
data is as accurate as possible before it hits a bill. So earlier versions... for example,
an earlier version of the MDM/R required that you had 24 hours of interval data in
order to frame data into time of use buckets. So you get 24-hour intervals and then
they bundle those up into on, off, and mid-peak quantities, consumption [buckets].
So you had to have 24 hours of data before it could do that. So you don't have 24
hours of data for a meter removal. You remove the meter at 11:30 in the morning,
and so you're never going to get the rest of that, unless you made it up.

So what eUtilityCo does is they take that register read at 11:30 in the morning and
they put a copy of it at midnight, and then we estimate zeroes in between. So you
end up billing the same amount, but you've created sort of, in a sense, fictitious
intervals. The meter wasn't installed there but we've provided interval data for the
whole day. So that lets you bill for those 11 and a half hours of data where the
meter was installed. Other utilities in the province would have just billed to
midnight the previous night, and thrown away the 11 hours because there's no
intervals there for the rest of the day, so instead of going to the trouble of providing
that data in the way that the MDM/R required it for a billing process, they would
have just billed up to midnight. So do you see the difference? eUtilityCo’s saying,
"l want to bill this as accurately as possible.” Other utilities will say, "I'll throw
some of that away because of that functional requirement of the MDM/R that
doesn't let me do it. I'll just get rid of those. I'll just not worry about those kilowatt
hours." (P2)

Upgrading
employee skills

The amount of work that goes into testing that and sort of signing off on your
readiness is a big amount of work, and so any time there's all these new systems in
play and something becomes complicated, there needs to be documentation because
like you've seen here, only a small number of people understand that. But at the end
of the day here, everybody's going to need to understand it, so there has to be a
document created. There has to be training. Changed management is probably... I
would probably say is the biggest piece. (P2)
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New tools We had no tools to really use to say, "I'm looking at your data.” We could look at
historical data, like, "Oh, you used this last summer." Air conditioning is a big thing
in the summertime, so that's usually when they're calling for the high bill
complaints. And basically you could just compare history, and that's all you had.
And you had some conservation tips you could give them. But with having their
meter information right in front of you, it's a lot easier (B7)

Waiting for system | Yeah, so unless the metering department actually put a fix in to correct the VEE
issue, we could ask for the request as many times as we want and it just keeps
coming back, "Failed, failed, failed." So we... It was like you're running around in
circles. (P3-P6)
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