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EXECUTIVE SUMMARY

Traditionally, electric distribution utilities own and operate the various components of the
electrical grid. However, technology developments in the 21st century have created new
opportunities for electricity consumers to own resources that connect to and impact the grid. As
distributed energy resources such as demand response, distributed generation, and battery storage
become increasingly cost competitive, more consumers will capitalize on the value of owning
these assets. In the future, these customers may be known as “prosumers” — or consumers that
produce supply. When aggregated, these distributed resources have wide implications for the
traditional power system, from generation and grid control to transmission and distribution.

Owned and operated by their customers, rural electric membership cooperatives stand at
the forefront of the change to a grid with more distributed resources. Their current business
model, which focuses primarily on power distribution with revenue from per kWh sales of
electricity, can no longer satisfy the various needs of their members. Additionally, North
Carolina electric cooperatives must adhere to North Carolina’s Renewable Energy and Energy
Efficiency Standards (REPS). While most electric cooperatives comply with the standards by
purchasing Renewable Energy Credits (RECs) in a marketplace, there are growing opportunities
to fulfill them with the implementation of renewable energy and energy efficiency programs.

To address the growing demand for distributed resources and the regulatory pressure
around renewable energy, we propose a service-based business model, through which rural
electric cooperatives additionally provide a set of energy-related services to their members.
These services include: residential energy efficiency upgrades, community solar, demand side
management, and smart appliances. Based on the concept of a service-based business model, we
provide a preliminary assessment of the relative benefits of each of the services that electric
cooperatives could offer their members.

To assess the services, we spoke with experts on electric cooperatives and reviewed
literature. Through a convenience and snowball sampling approach, we conducted semi-
structured interviews with five electric cooperatives, two electric cooperative affiliates, and three
nonprofits that work with electric cooperatives. After conducting an NVIVO analysis, we
identified the criteria of affordability, reliability, and customer satisfaction that electric
cooperatives use to measure their own success. Using the interviews and literature, we identified
twelve services that electric cooperatives could offer their members, and assessed the likely
impact of each of the services on the three success criteria. Once the relative benefits of the
services were identified, we used two proxy measures to determine the ease with which electric
cooperatives could implement these services. With this information, we created a tiered ranking
of the services in order to provide guidance for which may be most beneficial for electric
cooperatives.



Based on the tiered ranking system, we find that smart appliances and smart thermostats
can offer the most value to electric cooperatives, as these two services provide positive benefits
to all three criteria and can be easily implemented by partnering with North Carolina Electric
Membership Corporation (NCEMC). The second tier of recommendations includes on-bill
financing, energy efficiency upgrades, and water heaters. These services provide positive
benefits to at least two of the criteria and can be implemented by working with NCEMC or other
electric cooperatives.

We also analyzed community solar, pay-as-you-go, battery storage, broadband,
microgrids and residential solar and recommend them in the third and fourth tiers. Electric
cooperatives should consider implementing these services based on which provide the most
benefit to their business. To further quantify these benefits, we recommend that electric
cooperatives conduct additional quantitative analyses such as cost benefit analyses to determine
affordability and member preference surveys to gauge potential customer satisfaction. In order to
reduce the cost of further exploring and implementing these services, we recommend that electric
cooperatives form partnerships with industry groups and other electric cooperatives. Some
services, such as battery storage, should not currently be implemented but may become more
attractive as the technology advances and the cost is reduced.

As distributed resources, such as solar and battery storage, become more prominent, it is
possible that we will see a future where an electric cooperative’s primary role is not the
distribution of electricity, but is instead to manage distributed resources owned by their
members. By focusing their attention on the services we describe in this paper, electric
cooperatives can improve their grid reliability, electricity affordability, and customer
satisfaction. In doing so, they will improve their business model and strengthen their role as grid
managers in an ever-changing world.
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INTRODUCTION

Environmental Defense Fund
The Environmental Defense Fund (EDF) is a leading global environmental organization.

Since 1967, EDF has been providing market-based solutions for four main focus areas: climate
and energy, oceans, ecosystems, and health.! EDF has made significant contributions to these
four areas by partnering with government agencies, corporations, and other environmental
organizations. Historically, for example, EDF has played a large role in the ban of the insecticide
DDT, ozone destroying CFCs, and whale hunting; has helped to push forward the enactment of
the Clean Air Act and Safe Drinking Water Act; has worked with McDonald's to implement
biodegradable containers; and has worked with FedEx to implement the use of hybrid-electric
trucks.?

EDF has its Southeast regional office in Raleigh, NC, which covers operations in oceans,
climate and energy, and ecosystems. The EDF Climate and Energy team maintains a close
relationship with rural electric cooperatives in North Carolina and has recently initiated contact
with electric cooperatives in Texas. They are part of an On-Bill Finance Working Group in North
Carolina, whose primary purpose is to disseminate the benefits of on-bill financing and increase

offerings by cooperatives.

Motivation of the project
We are a team of Master of Environmental Management students from the Duke

University Nicholas School of the Environment, with academic and professional interests
ranging from energy and the environment to environmental policy and economics, as well as an
overarching passion to improve the environment that we live in. Our passion is our primary
motivation for pursuing this task appointed by the EDF. As electric cooperatives play a key role
in electricity generation, transmission, and distribution, changing their business model would

significantly affect air quality and climate change, energy technology development, and resource

L Environmental Defense Fund. Retrieved 08 Apr. 2017 from https://www.edf.org/about
2 1bid.
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conservation. Such a shift should emphasize the importance of energy efficiency, incorporate
more renewable energy generation and storage technologies, and help the grid to evolve into a
state-of-art system with automation and efficient communication. If this shift is successful, it can

be an inspiration for investor owned utilities to modernize their business models as well.

Roadmap for the Paper
In this paper, we will begin with background information about electric cooperatives,

including their history, business model and structure. The succeeding section will then state and
elaborate upon the research questions we developed for this study. In part three, we will
introduce our methods for interviewee selection and how we then analyzed the interview data.
Parts four through seven detail our results, in which we identify three criteria that are important
to cooperatives, how each service impacts these criteria, and whether each service is ready to
implement. In part eight, we discuss recommendations based upon our analysis and outside
resources, followed by sections including the limitations of our findings and next steps for
cooperatives. We will end this paper with our concluding remarks.

BACKGROUND

The History of Cooperatives
As recently as the 1930s, 90% of homes in rural counties within the United States were

unable to obtain electricity from the grid due to the exorbitant cost of extending transmission
lines into these sparsely populated areas. Consequently, many rural economies typically
prioritized the development of their agricultural sectors over industrial growth, resulting in
investor owned utility companies remaining within urban centers. It was not until the passage of
the Tennessee Valley Authority (TVA) Act of 1933 that the federal government mandated the

construction of transmission lines that would reach and serve rural counties.? After the enactment

3 "History of Electric Cooperatives." NRECA. National Rural Electric Cooperative Association, n.d. Web. Retrieved 23 Apr.
2016 from http://www.nreca.coop/about-electric-cooperatives/history-of-electric-cooperatives/
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of the TVA and President Roosevelt’s establishment of the Rural Electrification Administration
(REA) in 1935, the ensuing Rural Electrification Act and federal lending program gained
momentum. Within twenty years, the rate of rural electrification among United States farms had
grown to roughly 90%, with this figure now reaching nearly 100%. This drastic improvement is
largely the result of electric cooperatives borrowing start-up funds from the REA, which
facilitates the construction of transmission lines and operations. The REA has now evolved into
the Rural Utilities Service (RUS), and falls within the jurisdiction of the United States
Department of Agriculture.*

Electric Cooperative Structure
Rural electric cooperatives throughout the United States are private, non-profit businesses

that are owned and operated by their customers. These ratepaying customers, who are also
members of the electric cooperative, essentially pay for the infrastructure and other maintenance
expenses through their bills, therefore owning the electric cooperatives. Electric cooperatives
usually charge their members a price high enough to guarantee that the revenue from electricity
sales will exceed the short-term expenses necessary for operations and new initiatives. The
realized net income will then gradually be returned to the members. Other sources of income for
electric cooperatives include loans and subsidies from the federal and other government entities.®
All of these cooperatives are non-profit organizations, and therefore most are exempt from the
federal and state income tax. They do, however, pay taxes for other services they provide that are
not related to energy sales.® Electric cooperatives are also able to provide economic advantages
for their immediate communities, such as jobs and development funds, which are crucial benefits
for those located in rural areas. Several electric cooperatives have merged to form vertically
integrated organization which are capable of providing both generation and transmission services

in addition to distribution.’

4 Ibid.

SResearch on the economic impact of cooperatives. University of Wisconsin Center for Cooperatives. Web. Retrieved 28 Apr.
2016 from http://reic.uwcc.wisc.edu/electric/

6Tax-exempt status. NCERA. Web. Retrieved 28 Apr. 2016. from http://www.nreca.coop/about-electric-cooperatives/tax-
exempt-status/

™About Electric Cooperatives." NRECA. National Rural Electric Cooperative Association, n.d. Web. Retrieved 23 Apr. 2016.
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Context of Electric Cooperatives within North Carolina
There are currently 26 rural electric cooperatives throughout North Carolina, which

cumulatively serve 2.5 million people within 93 out of the state’s 100 counties.® Of these, there
are 15 electric cooperatives that distribute electricity solely to rural counties. These private,
independent, not-for-profit utilities sell electricity to the residential, commercial, industrial, and
agricultural sectors within the state using 98,000 miles of transmission and distribution lines.
Approximately 2,300 jobs are directly provided to the state through the employment of these
electric cooperatives.®

Electric cooperatives have been delivering an increasing amount of electricity within the
state in recent years, growing by an annual average rate of 1.6% during the past decade. Moving
forward, they have a projected growth rate of 1.5% from 2014-2023, stemming primarily from
an increase in energy consumption due to industrialization and residential growth in rural areas.*®
Moreover, 99% of customers served by these cooperatives are within the residential and small
business sector. Collectively, these 26 rural electric cooperatives are responsible for providing

electricity for 26% of the state’s population, representing over 950,000 households.!

Regulatory Framework
The North Carolina Utility Commission (NCUC), the agency that oversees all the utilities

in the state, has limited jurisdiction over electric cooperatives. This jurisdiction includes but is
not limited to: monitoring the subsidiary activities of electric cooperatives to prevent
subsidization of customers, electric cooperatives territory assignment issues, and certification of

generation facilities and transmission lines.*?> However, the retail rate that cooperatives charge to

from http://www.nreca.coop/about-electric-cooperatives/

8 North Carolina’s Electric Cooperatives. (2016). Retrieved 7 Mar. 2017 from http://www.ncemcs.com/co-ops/default.htm; See
Figure 1.

9 1bid.

10"North Carolina's Touchstone Energy Cooperatives." North Carolina's Touchstone Energy Cooperatives. NC Rural Center,
2015. Web. Retrieved 24 Apr. 2016. from http://www.ncruralcenter.org/rural-resource-guide?pid=67&sid=248%3ANorth-
Carolinas-Touchstone-Energy-Cooperatives

1 bid.

12 North Carolina’s Public Utility Infrastructure & Regulatory Climate. July 2016. Retrieved 20 Mar. 2017 from
http://www.ncuc.commerce.state.nc.us/overview/Overview.pdf
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their members are not regulated by the NCUC.

Figure 1. North Carolina Electric Cooperative's Service Territory Map®3
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Another authority, the North Carolina Rural Electrification Authority (NCREA), was
created by the General Assembly in 1935 to guarantee the delivery of reliable and affordable
electricity to the state’s rural areas.!* Their mandate includes enforcing electric cooperatives’
rules, investigating member complaints, and serving as an advisor to cooperatives on
modifications to processes and regulations.®

North Carolina’s electric cooperatives are subject to the state’s Renewable Energy and

3North Carolina Electric Cooperatives. (2016). Retrieved 7 Mar. 2017. from http://www.ncemcs.com/co-ops/coops.htm

14 Troxler, G. W. (2006). North Carolina Rural Electrification Authority. Retrieved 7 Mar. 2017. from
http://Aww.ncpedia.org/north-carolina-rural-electrificatio

15"Responsibility of REA." North Carolina Rural Electrification Authority. NCREA, 2014. Web. Retrieved 24 Apr. 2016. from
http://ncrea.net/
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Energy Efficiency Standards (REPS). Under these standards, electric cooperatives must source
10% of their retail electricity from eligible clean energy sources by 2018. Electric cooperatives
can comply with these standards by holding Renewable Energy Credits (RECs), which can be
generated by the electric cooperative themselves or purchased in a marketplace. RECs can be
generated through energy production sourced from renewable energy projects such as wind,
solar, biomass, hydropower, and geothermal, as well as through energy efficiency efforts. While
other regulated entities are subject to a cap on the percentage of RECs generated by energy

efficiency, cooperatives do not have a limit.®

Current Service Offerings
Figure 2 below shows that while all electric cooperatives in North Carolina are engaged

in the primary service of power distribution, some of them have expanded their service offerings
to energy efficiency improvements, renewable energy, automated metering infrastructure,

demand side management and services beyond energy, such as broadband.

Figure 2. Services Offered by North Carolina Cooperatives

Services Currently Offered by North Carolina’s Electric Cooperatives
Data collected from NC electric cooperatives’ websites, March 2017
Distibution |, 26
Automated metering infrastructure 17
Energy product rebate 13
Net metering 12
Community Solar 11
Energy efficiency upgrade loan 6
Broadband / WIFI 3
On bill Financing energy efficiency 3
Demand side managment 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Number of Electric Cooperatives Offering the Service

Up to 85% of electric cooperatives offer energy efficiency improvement programs in the

form of energy product rebates, on-bill financing schemes and efficiency upgrade loans to help

6North Carolina Clean Energy Technology Center (NCSU). Renewable Energy and Energy Efficiency Portfolio Standard. (2016,
September 23). Retrieved 20 Mar. 2017. from http://programs.dsireusa.org/system/program/detail/2660
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their members save on energy costs. With 15 federal financial incentives and 41 subsidy
programs at the state and municipal level, this is also the realm in which federal and state
funding opportunities, including grant, loan, rebate and tax credits are most abundant.” In
comparison, electric cooperatives’ efforts within renewable energy programs are limited to
community solar and residential rooftop solar with net metering. Less than half of the electric
cooperatives currently offer solar incentive services, although similar federal financial and
regulatory support benefit all types of renewable energy, from biomass to wind.8 In response to
a grid-wide trend, 17 out of the 26 electric cooperatives provide hardware like automated
metering infrastructure programs or “smart meters,” product rebates for smart appliances, and
demand-side management services that help modify load shape and enable the transition to a
smart grid. Only three electric cooperatives incorporate broadband services for their members,
which is an offering beyond traditional energy services that provides enabling infrastructure for
smart appliances. In sum, the current service offerings of North Carolina electric cooperatives
prioritize services that reduce customers’ energy costs and seize opportunities for federal and
state funding availability. The short list in Figure 2 however, also reflects that these cooperatives
play a larger role on the customer-side of the meter by providing additional smart grid hardware,

distributed energy resources management, and other value-added energy solutions.

Traditional versus Service Based Business Model
In North Carolina, some electric cooperatives are still using what we define as a

“traditional business model.” Under this model, electric cooperatives act as an agent between the
North Carolina Electric Membership Corporation (NCEMC) and their own members. NCEMC is
the umbrella membership organization of all electric cooperatives in the state. Electric
cooperatives purchase megawatts of electricity from NCEMC, who owns some of its own
generation capacity and purchases the rest of its needs at a wholesale rate from Duke Energy.

Electric cooperatives then sell the electricity to their members at a retail rate, with the majority of

17 North Carolina Clean Energy Technology Center Retrieved 02 Feb. 2017 from
http://programs.dsireusa.org/system/program?state=NC
18 1hid.
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their revenue coming from these energy sales and connection fees.

We propose that electric cooperatives should instead utilize a “service-based business
model.” In this context, we define services as “products and programs that are beyond the
distribution of electricity.” Within this business model, electric cooperatives not only distribute
electricity, but also provide other services to their members. They would henceforth receive
revenue from both the provision of services and energy sales.

One reason we propose such a shift in business models is that certain renewable energy
and energy efficiency services are becoming more readily available and affordable as
technologies evolve. For example, installation costs per watt of solar generation capacity for
residential customers decreased from $7 in 2010 to $5 in 2015, and are even lower for utility-
scale implementation.*®

Electric cooperatives can provide net metering or community solar options to their
members to boost the proportion of renewable energy in their generation capacity portfolio. This
saves both customers and the electric cooperative expensive peak hour energy costs and helps to
stabilize the grid during peak hours. As such, offering services add value for and benefits both
members and electric cooperatives. Members also want more service offerings, evidenced in the
2015-2016 “National Survey on Cooperative Difference: NC Cooperatives,” which demonstrated
that there were high levels of interest among members in on-site solar leasing, community solar,
and smart thermostats. Members also wanted to have wireless networks in their homes as a

means of controlling smart thermostats.°

Research Questions
Given the above background information, it is clear that there are an abundance of

research opportunities around rural electric cooperatives and renewable energy. To maintain a
feasible scope for this project, we will focus our efforts on answering the following key

questions that highlight issues outlined by the EDF:

9The Price of Solar Is Declining to Unprecedented Lows. Robert Fares. Scientific American. Retrieved 5 Apr. 2017. from
https://blogs.scientificamerican.com/plugged-in/the-price-of-solar-is-declining-to-unprecedented-lows/
20 2015-2016 National Survey on the Cooperative Difference. Touchstone Energy Cooperatives, TSE Services.
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1. What criteria do rural electric cooperatives in North Carolina use to measure success?

2. What are the services that electric cooperatives could offer their members in order to
meet these criteria?

3. What are the relative benefits of offering these services for the electric cooperatives
and their members?

4. Based on their priorities, what steps need to be taken for rural electric cooperatives in

North Carolina to implement these services?

By answering these questions, we hope to be able to determine which services are most effective

in helping electric cooperatives to meet their criteria for success and pursue their priorities.

METHODS

Our primary mode of data collection was conducting interviews with North Carolina
electric cooperatives, their affiliate organizations, and other nonprofit organizations that work
with electric cooperatives in the state. We interviewed subjects at ten organizations, consisting of
five electric cooperatives, two affiliates, and three nonprofit organizations. All of our interviews
were conducted with executives, including Chief Operating Officers, Managers, and Vice
Presidents. Upon obtaining IRB approval, we recorded and transcribed all but one interview, in
which the subject did not grant us approval to record. We then analyzed the interviews using

NVivo, a qualitative data analysis tool.

Data Collection
Our primary interview subject sampling process was based on convenience sampling,

with contact information being drawn from cooperatives’ websites. This restricted our samples to
only those cooperatives that listed their contact information online. Once we started to conduct
our interviews, we began employing a snowball sampling process, with interview subjects

volunteering to provide contact information for additional interview subjects. We ultimately



contacted 18 of the 26 electric cooperatives in North Carolina and received five responses, for a
total response rate of 27.8%. We reached out to three cooperative affiliates that represent rural
electric cooperatives at the state or federal level and were granted interviews with two of them.
We also contacted three nonprofit organizations that were recommended to us either by EDF or

executives that we interviewed. Table 1 below lists each of the groups we interviewed.

Table 1. Interview Subjects

Cooperatives Cooperative Affiliates Non-Profits
Roanoke EMC NC Electric Membership ~ Appalachian Voices
Corporation (NCEMC)
Lumbee River EMC Green Co Solutions Inc. Southern Environmental
Law Center (SELC)
Wake EMC Southern Alliance for Clean
Energy (SACE)

Blue Ridge EMC
Anonymous

Potential subjects were contacted via email with information about our project, were
asked to participate in an interview, and asked to sign a form agreeing to interview terms
delineated in our IRB protocol. Interviews were recorded unless the interviewee did not grant
permission. The interviews were conducted using a semi-structured format and predominantly
via phone, although a few took place in-person. One interviewer from our group would function
as the main interviewer by asking questions that the group had written together in advance, with
additional members interjecting follow-up questions if necessary based upon the responses
received. This allowed for a more natural conversational flow while ensuring topics were
covered comprehensively. Overall, our interviews were conducted and recorded with consent, in
accordance with our IRB protocol.

We developed a list of interview questions based upon the objectives of our study. The

questions focused on the renewable energy and energy efficiency services that electric



cooperatives currently offer and want to offer in the future. Also discussed were the core values
of electric cooperatives, including the criteria they used to measure success. Additionally, we
questioned electric cooperatives about their members’ preferences and the challenges they face
that affect their current and prospective business models. The questions were modified for each
interview to reflect specific characteristics that were unique to each organization or electric

cooperative. A sample list of interview questions can be found in Appendix I.

Data Analysis Methods
As mentioned above, we recorded and transcribed the interviews according to IRB

protocol. To analyze these transcribed interviews, we then imported each into the program
NVivo 10, which is provided free of cost to students by Duke University. Once the interviews
were imported, we coded them for success criteria that the electric cooperatives claimed to
prioritize, as well as for any mentions of various services. Each of these themes was further
subdivided into sub-themes. These themes and subthemes were chosen based on a review of the
cooperatives’ websites and the literature, and were retroactively modified as we learned more
from the interviews. A full list of coded themes is seen in Table 2. These themes are discussed
in-depth in the analysis section of this paper.

By organizing our data in this way, we were able to examine within the interviews where
each service overlaps with the identified success criteria. This provided a clear snapshot of how
our interview subjects perceived the relationship between each service and electric cooperatives’
success. We also reviewed the literature to verify claims made in the interviews and supplement
areas that were not covered in-depth by interview subjects. Using this evidence, we determine
whether each service has a positive, negative, mixed or unknown impact on each success

criterion. How we define each of these ratings can be seen in Table 3.



Theme

Success Criteria

Safety
Reliability
Affordability

Customer Satisfaction

Services

Residential Solar/Net

metering

Community Solar
Smart Appliances
Smart Thermostats
Pay-as-you-go
Battery Storage
Water Heaters

Energy Efficiency Upgrade

On-bill Financing
Broadband
Microgrid

Table 2. NVivo Coded Themes

Description

References to the main categories that cooperatives use to
measure their own success

References to safety of staff and members

References to the reliability of the electric grid

References to the financial success of cooperatives and the
cost of energy for members

References to the satisfaction of members

References to products or programs that move beyond the
distribution of electricity

References to residential or rooftop solar and net metering

References to community solar projects

References to smart appliances

References to smart thermostats

References to the pay-as-you-go program
References to battery storage

References to water heaters as a source of energy storage
References to upgrading buildings for better energy
efficiency

References to the on-bill financing program
References to broadband internet

References to microgrids



Table 3. Impact Definitions

Rating Evidence Service’s Impact
Positive Definitive Improves the criteria
Negative Definitive Worsens the criteria
Mixed Conflicting No definitive indication
Unknown Lacking No indication

RESULTS AND ANALYSIS

This section explores the results of our interviews in relation to our central research
questions. In answering these questions, we first highlight and define the aforementioned three
measures of success that cooperatives emphasized in their interviews as their core principles:
affordability, reliability, and customer satisfaction. We then explore the various services that we
have identified throughout our interviews and preliminary literature review. Each service is first
defined and put into the context of its current implementation by cooperatives in North Carolina,
followed by a discussion of each service through the lens of its major benefits and challenges.
Where possible, information was drawn from our interviews, with supplemental information

coming from a literature review of each service.

Cooperative Principles
Throughout our interviews, we found four principles that drive success were mentioned

most frequently across all electric cooperative interviews: safety, affordability, reliability, and
customer satisfaction. The number of electric cooperative interviews in which each of these
criteria were mentioned is shown in Figure 3.

Moving forward in our research, we chose to exclude safety from our analysis because
there were no services referenced or associated with this principle across the interviews.
Additionally, it was not mentioned unanimously by all five of the electric cooperatives. We

therefore focus our research on the principles of affordability, reliability, and customer



14/

satisfaction as criteria for an analysis of services. These three criteria were identified within /
100% of the interviews we conducted with electric cooperatives as metrics that positively

affected electric cooperatives’ success.

Figure 3. Percentage of Interviews Referencing Criteria

Percentage of Cooperative Interviews Referencing Criteria
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Throughout our interviews, every electric cooperative emphasized the importance of
customer satisfaction in determining their service offerings and explaining their business
strategy. The motivations behind electric cooperatives’ decisions depend upon achieving the
highest possible level of customer satisfaction. The findings derived from our interviews
consistently found customer satisfaction to be the greatest catalyst behind an electric
cooperative’s actions and whether or not they offer many clean energy services. Growing their
customer base while maintaining quality of electricity and satisfaction, which is often tied to
electricity costs, is therefore a fundamental pillar guiding electric cooperatives’ actions.

Based on this information, we discovered that each cooperative strives to fulfill three key
objectives for their customers, with their overarching mission being to provide:

1. Reliable Electricity

2. Affordable Electricity

3. Customer Satisfaction

Reliability
Reliability can be considered in terms of interruptions to electricity delivery and the grid.

System reliability typically involves several variables, including the number of customers

dependent upon the grid, the electrical load, the duration of an interruption, the amount of



electricity interrupted, and the frequency with which the interruptions occur. Power reliability is
the extent to which a system delivers electricity to their customers “within accepted standards
and in the amount desired.”?! Reliability is measured using the frequency, duration, and extent of
negative impacts on an electricity supply from interruptions. The three most common indices for
evaluating reliability are the System Average Interruption Frequency Index (SAIFI), System
Average Interruption Duration Index (SAIDI), and Customer Average Interruption Duration
Index (CAIDI). The SAIFI is the frequency of interruptions per customer within a given area.
The SAIDI is the number of minutes that a customer’s electricity service is interrupted. The
CAIDI is the amount of time it typically takes to restore electricity to an average customer after
an interruption occurs.?? A number of similar metrics are applied across counties and were
referenced throughout our interviews. These range from an anonymous cooperative’s use of a
Balanced Scorecard and Roanoke’s inclusion of a reliability score into their American Customer
Satisfaction Index.

An important measure of reliability is how quickly a utility restores power to the grid
after an interruption. This process is referred to as step restoration. Interruptions to the system
are tracked by the time it takes for the step restoration process to return power to the customers.
It is important to note however, that variables under consideration, relative measurements, and
indices vary greatly across utilities and regions, and cannot typically be used to compare
utilities.?® Better understanding the reliability of larger systems will require developing uniform
standards of measurement that can be applied across regions.

Within North Carolina, electric cooperatives are consistently working to provide their
customers with increased reliability through a variety of service offerings and improvements to
the grid. All of the cooperatives we interviewed emphasize the importance of reliability,
referencing its mutual benefit between cooperatives and customers. For example, the Lumbee

River Electric Membership Cooperation stated that “our mission statement is to provide safe,

21 Kueck, J. D., Kirby, B. J., Overholt, P. N., & Merkel, L. C. (2004). MEASUREMENT PRACTICES FOR RELIABILITY
AND POWER QUALITY(US Department of Energy, pp. 3-8, Tech.). Oak Ridge, TN: Oak Ridge National Laboratory.
Retrieved 10 Mar. 2017. from https://pdfs.semanticscholar.org/8ff1/931f71ff12dfd921996d034b5789cf865ab2.pdf

22 |bid.
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reliable and affordable power to our consumer”. In addition to Lumbee, three of the four other
cooperatives claimed that reliability is a key focus of their operations. Although electric
cooperatives and organizations emphasize reliability to varying extents, it is consistently deemed

a priority.

Affordability
The commitment to providing affordable electricity is a tenant that the members of

NCEMC pride themselves on upholding.?* In rural North Carolina, energy poverty is a
widespread problem. While there is no agreed upon definition for what proportion of income
should be spent on energy bills to meet the energy poverty threshold, a common rate used
globally is 5%.% However, it has been found that low-income households in the United States
spend on average 7.2% of their household income on utilities, which is more than two times as
much as what median income households spend.?®

This disparity often leads to social inequality. In North Carolina, the poverty rate for
Native Americans is 34.8%, 33.9% for Hispanics/Latinos, and 28.4% for African Americans,
compared to 12.2% for White Non-Hispanics. Child poverty rates are also much higher for
minorities, and homes with female heads of households are 45.6% likely to live in poverty,
compared to 29.8% for homes with a male head of household and only 9.8% for families with
married parents.?” In certain counties in western North Carolina, poverty rates can be as high as
23%.28 According to a survey conducted by Appalachian Voices of four rural electric
cooperatives in the western part of the state, 89% of members stated troubles paying their energy
bills. Additionally, 69% of respondents claimed that up-front costs of energy efficiency upgrades
were the largest barrier to making such upgrades.?

2 NCEMC. Retrieved 05 Mar. 2017 from http://www.ncemcs.com/about/default.htm

% Source: Sustainable Energy For All Initiative, World Bank. Retrieved 05 Mar. 2017 from
http://www.sedall.org/sites/default/files/MTFpresentation_SE4ALL_April5.PDF

2 Energy Efficiency For All. Retrieved 05 Mar. 2017 from http://energyefficiencyforall.org/resources/lifting-high-energy-
burden-americas-largest-cities

27 NC Justice. Retrieved 05 Mar. 2017 from http://www.ncjustice.org/?q=budget-and-tax/infographic-poverty-and-people-north-
carolina

28 Appalachian Voices. Retrieved 05 Mar. 2017 from http://appvoices.org/2016/06/13/survey-says-energy-efficiency-financing-
needed-in-western-nc/

2 Ibid
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Despite facing higher costs, many electric cooperatives are able to charge lower
electricity prices to their customers than their neighboring investor-owned utilities.*
Additionally, despite the fact that electric cooperatives are nonprofit organizations, incoming
revenue is used to provide additional services at affordable rates to their customers. However,
these benefits can be extended towards non-members as well. Those states within the nation with
the greatest number of electric cooperatives have lower average rates than the states with fewer
electric cooperatives.®! Additional apparent advantages of electric cooperatives include that

financial resources are kept within the local community, which drives local economic growth.

Customer Satisfaction
Owned and managed by their members, rural electric cooperatives provide customer-

oriented services. The board of directors elected by the electric cooperative’s members are
responsible for addressing members’ concerns and expectations. Our interviews with five electric
cooperatives’ Chief Operations Officers have further confirmed that customer satisfaction is
always their chief priority and core measurement of success. To evaluate whether they have
successfully fulfilled their responsibility, electric cooperatives measure their members’ perceived
satisfaction towards cooperative performance through the implementation of a survey index.
Energy utilities — investor-owned, municipal and cooperative, across North Carolina use the
American Customer Satisfaction Index (ACSI), one of the most recognized customer satisfaction
indices in the United States for gathering and analyzing customer opinions. The ACSI,

developed by the University of Michigan Business School and the international consulting firm,
CFI Group, assesses customer satisfaction through four aspects: customer expectations, customer
perceptions about the value and quality of their actual experiences, customer complaints, and
customer retention.®? For electric cooperatives, ACSI further identifies nine detailed metrics

under three major categories of services to measure customers’ opinions of an electric

30Tucker, et al. Affordable Electricity, and Economic Development: The Role of Electric Cooperatives in the 21st Century.
NREC, 2014. Retrieved 08 Mar. 2017 from https://www.sommetinter.coop/sites/default/files/etude/files/report_nreca.pdf
31 Ibid

32The Science of Customer Satisfaction, American Customer Satisfaction Index. Retrieved 08 Mar. 2017 from
http://www.theacsi.org/about-acsi/the-science-of-customer-satisfaction
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cooperative’s overall performance.

Table 4. ACSI Customer Experience Benchmarks for Energy Utilities

#  Metrics Categories

1  Ability to provide reliable electric service Core electric services
2  Ability to restore electric service after outage

3 Information on energy-saving ideas

4 Staff courtesy and helpfulness Communications

5  Understanding the bill

6  Trustin the utility

7 Website

8  Support of local community Community services
9

Support of green programs

These nine benchmarks address power quality, reliability and affordability,
communications between the cooperative and its member, and any community contributions that
cooperatives make. Survey questions developed around these nine benchmarks ask customers to
rate their experience through a score ranging from 1 (Very dissatisfied) to 10 (Very satisfied).
The scores for each question are then aggregated and calculated into an electric cooperative-wide
ACSI score by multiplying the mean score for each question with the weight given to each
question. The results of the 2016 nationwide American Customer Satisfaction Index show that
national electric cooperatives rank higher than investor-owned and municipal utilities in
providing superior service to their members in the electricity market. The 2016 ACSI survey
results on the 58 cooperatives across 26 states show that cooperatives earn outstanding scores for
their high-quality electric services, prioritization of low cost, energy saving information and

community engagement.4

3Energy Utilities, American Customer Satisfaction Index. Retrieved 08 Mar. 2017 from
http://mww.theacsi.org/industries/energy-utilities
34 TSE Services, 2015-2016 National Survey on the Cooperative Difference.


http://www.theacsi.org/industries/energy-utilities
http://www.theacsi.org/industries/energy-utilities
http://www.theacsi.org/industries/energy-utilities
http://www.theacsi.org/industries/energy-utilities

Services
After identifying these three above principles, we researched which available services

cooperatives could offer their members to meet these criteria and achieve success. Available
services are defined by identifying the current services offerings of the 26 cooperatives and all
the experimental projects proposed by NCEMC, totaling a list of eleven different services. For
each service option we define the service, discuss its presence among North Carolina
cooperatives, and benchmark it under reliability, affordability and customer satisfaction
respectively, using 1) the aforementioned metrics under each criteria and 2) the number and

context of interviews in which these services were mentioned as a benefit for each criterion.

Residential Solar and Net Metering
As cooperatives consider the integration of renewable energy into their grid, it is

important to consider photovoltaic (PV) solar panels among their options. One path to
incorporate solar energy into their grid would be to allow and facilitate the adoption of
residential solar. Residential solar involves the installation of PV solar panels on a resident’s
property. Typically, these projects are financed by the resident with solar panels being installed
on their roof.

An important component of residential solar is net metering, or the ability to sell excess
electricity back to the grid. Net metering can take many forms, with the most two most common
options requiring the utility to purchase the electricity at either the wholesale or retail rate.®® As
the retail rate is higher than the wholesale rate, retail rate net metering is more favorable for PV
solar panel owners, while the wholesale rate net metering is preferable to utilities. Based upon a
review of electric cooperatives’ websites, about half of North Carolina cooperatives currently
offer net metering services to their members. The interviews also revealed that cooperatives have

seen a decline in residential solar installations over the past couple of years.

35 Smartgrid Consumer Collaborative. (2015). An Electrifying Investment: What Distributed Generation and Net Metering Mean
for You. Retrieved 10 Mar. 2017. from http://3593f84chf852yw5d4c5emoe.wpengine.netdna-cdn.com/wp-
content/uploads/2016/02/SGCC-Distributed-Generation-Fact-Sheet-2-3-16.pdf
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Reliability
Reliability was not discussed in the interviews in regards to residential solar. It has been

indicated by the United States Department of Energy (DOE) that a high-penetration of solar
energy sources negatively impacts grid reliability.*® This is due primarily to the intermittent
nature of solar, which causes challenges in properly managing the supply of electricity.
However, at lower levels of penetration, distributed solar is unlikely to negatively impact the
grid’s reliability.3” According to the interviews, there is a relatively low generation capacity from
residential solar among North Carolina electric cooperatives.

Although residential solar negatively impacts grid reliability at high-penetration, grid
reliability is unlikely to be impacted at the integration levels currently seen among North
Carolina cooperatives. Based on this evidence, residential solar has a ‘Mixed’ impact on

reliability.

Affordability
The major challenge to implementing residential solar is the high up-front investment

costs. Clean energy advocacy groups, such as Solar Energy Industries Association, argue that
residential solar provides both a degree of energy-independence for consumers and a reduction in
their monthly electricity bills.®® However, an anonymous cooperative captured the general
sentiment among those we interviewed by saying, “We have members who have invested
$40,000 to $60,000 for a 10 kilowatt panel system, and they have not been very happy with the
generation that this huge investment got them.” The economics became even more challenging at

the end of 2015, as the tax credit for residential solar in North Carolina was eliminated.®° So

36 US Department of Energy. Grid Performance and Reliability. (n.d.). Retrieved 10 Mar. 2017. from
https://energy.gov/eere/sunshot/grid-performance-and-reliability

$7Coughlin, J., Grove, J., Irvine, L., Jacobs, J. F., Phillips, S. J., Sawyer, A., & Wiedman, J. (2012). A Guide to Community
Shared Solar: Utility, Private, and Nonprofit Project Development (United States, Department of Energy, National Renewable
Energy Laboratory). Retrieved 10 Mar. 2017. from http://www.nrel.gov/docs/fy120sti/54570.pdf

38Solar Energy Industries Association. Issues and Policies: Net Metering. Retrieved 10 Mar. 2017. from
http://www.seia.org/policy/distributed-solar/net-metering

%Neal, D. (2016, January 14). Tax credit sunset could dim solar business prospects. Citizen-Times. Retrieved 10 Mar. 2017. from
http://www.citizen-times.com/story/money/2016/01/14/tax-credit-sunset-could-dim-solar-business-prospects/78596 786/
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although electric cooperatives indicated that some of their members are willing to pay a premium
to receive their energy from a ‘green’ source, the price tag for residential solar tends to be too

high. Based on this evidence, residential solar has a ‘Negative’ impact on affordability.

Customer Satisfaction
The primary reason for cooperatives to offer residential solar and net metering is simply

because their members ask for it. People nationwide generally have a favorable view of
renewable energy.*® In recognition of this, electric cooperatives offer renewable energy programs
such as residential solar to boost their image and increase customer satisfaction. Based on this

evidence, residential solar has a ‘Positive’ impact on customer satisfaction.

Community Solar
Community solar, in the context of North Carolina electric cooperatives, refers to a

centralized facility that houses PV solar panels. The subjects of our interview indicated that the
output of these facilities ranges from 10 kW to 400 kW. They also indicated that there are several
different methods through which members can pay for this service. An electric cooperative can
sell the rights to individual panels, with the member paying upfront for the panel and receiving
the benefits of its electricity production. Alternatively, the electric cooperative can lease panels
to its members, which requires a member to pay a monthly fee and then provides them with the
electricity production of the panel. Lastly, electric cooperatives can distribute the costs and
benefits equally among members, without selling or leasing individual panels.

From the interviews, three different methods of developing community solar facilities
were identified. One method is to partner with an outside investor that can take advantage of
federal tax benefits that cooperatives cannot exploit due to their non-profit status. This outside
investor develops the project and sells the power to the electric cooperative through a power
purchase agreement. Another method is for the electric cooperative to seek grants to help fund

the development of community solar facilities. In particular, the USDA provides grants for

40 Funk, C., & Kennedy, B. (2016, October 04). The Politics of Climate: Public opinion on renewables and other energy sources.
Retrieved 10 Mar. 2017 from http://www.pewinternet.org/2016/10/04/public-opinion-on-renewables-and-other-energy-sources/
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cooperatives to undertake these projects, through the Rural Energy for America Program.*! The
last method indicated in our interviews is for electric cooperatives to undertake the project
without outside support and recuperate costs through its members in the form of participation
fees in the community solar program. According to NCEMC’s website, currently 18 community
solar facilities generate 2 MW of electric capacity across 11 North Carolina electric

cooperatives.*?

Reliability
During the course of the interviews, reliability was only mentioned once in regard to

community solar. When discussing community versus residential solar, Blue Ridge Electric
Membership Cooperative stated, “We like members to go the community solar route because it’s
better for our grid. With more frequency regulation, we can integrate that load into our system
better.” Reliability is largely absent from the existing literature on community solar.
Additionally, literature that discusses solar energy, generally only focuses on residential or
utility-scale solar. Based on this, there is not enough evidence to make a clear determination
about the impact that community solar has on reliability.

Affordability
The interviews presented conflicting accounts in terms of the affordability of community

solar. For instance, Roanoke Electric Membership Cooperative indicated, “The challenge that we
have identified thus far with our community solar has been that many of our folks who we have
talked to after we run the economics are not really showing a lot of interest.” Conversely, an
anonymous electric cooperative indicated that with the use of USDA grants, they were able to
make community solar attractive for their members.

Interview subjects that showed a negative inclination towards the affordability of

41 Coughlin, J., Grove, J., Irvine, L., Jacobs, J. F., Phillips, S. J., Sawyer, A., & Wiedman, J. (2012). A Guide to Community
Shared Solar: Utility, Private, and Nonprofit Project Development (United States, Department of Energy, National Renewable
Energy Laboratory). Retrieved 10 Mar. 2017. from http://www.nrel.gov/docs/fy120sti/54570.pdf

42 NCEMC. Energy & Innovation. Retrieved 10 Mar. 2017. from http://www.ncemcs.com/electricity/solar.htm
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community solar generally cited two factors. The first is that participating in a community solar
program is more expensive than simply purchasing electricity from the cooperative. As NCEMC
pointed out, this is particularly difficult for rural members, who do not have much disposable
income. The second factor is that if members are truly interested in solar energy, a cheaper
option would be for the electric cooperative to purchase energy from utility-scale solar farms,
which are cheaper because of economies of scale.

Interview subjects that showed a positive inclination towards the affordability of
community solar were generally comparing it to residential solar. The advantages that were
highlighted for residential solar were greater segmentation of the costs of panels and the
consolidation of maintenance costs. Given that members can purchase or lease individual panels,
they are not forced to make a large up-front investment, which means that more members can
afford to participate. Additionally, since the owner of the community solar facility conducts
panel maintenance, this cost is lower than it would have been if each member had to pay for
maintenance separately. It was also pointed out in two of the interviews that some members are
willing to pay a premium to receive their electricity from green sources. Given that community
solar is a voluntary program, only those who choose to participate are impacted by the added

costs. Based on this evidence, community solar has a ‘Mixed’ impact on affordability.

Customer Satisfaction
Seven of the nine interviews that discussed community solar indicated that the primary

reason for electric cooperatives to offer community solar is to increase customer satisfaction.
This increased customer satisfaction is derived from two sources. The first is from the fact that
people generally have a positive image of renewable energy, particularly solar panel farms.*® In a
national survey of cooperative members, 69% of nationwide respondents indicated an interest in
community solar.** While not ubiquitous, interview subjects indicated that members typically

derive some satisfaction from using solar energy. They also indicated that members like to see

43 Funk, C., & Kennedy, B. (2016). The Politics of Climate: Public opinion on renewables and other energy sources. Retrieved 10
Mar. 2017. from http://www.pewinternet.org/2016/10/04/public-opinion-on-renewables-and-other-energy-sources/
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their cooperatives embracing and providing access to renewable energy.

The second reason that community solar increases customer satisfaction is that it
increases the number of people that have access to solar energy. By housing solar panels at a
centralized facility, community solar eliminates the need to own suitable property and expands
access to those who live in apartment or mobile homes. Additionally, the ability to purchase a
single panel reduces the upfront costs and allows those who cannot afford to purchase a whole
rooftop solar array to access solar energy. Therefore, community solar programs expand access
to solar energy and generates a positive image for electric cooperatives and satisfaction to
members from using renewable energy sources. Based on this evidence, community solar has a

‘Positive’ impact on customer satisfaction.

Smart Appliances
Smart appliances can be defined as “appliances which monitor, control and protect their

electrical energy usage in response to customer needs.”*® These appliances allow grid operators,
electric cooperatives, and consumers to interact and provide each other with up-to-date
information about energy usage. These devices can be integrated into buildings and homes and
programmed to respond to signals from electric cooperatives at hours of peak electricity
consumption.“® For example, a homeowner could program their appliances to decrease their
demand at times of high stress on the grid or to shift their consumption to those times when
electricity is cheaper. Smart appliances were mentioned across each of the five electric
cooperative interviews in association with each criteria to varying degrees. Various electric
cooperatives within NCEMC have begun offering smart appliances, particularly throughout their
Touchstone Energy.*’ Consequently, there is a high degree of integration of smart appliances

into North Carolina’s electric cooperatives.

4 |wayemi, A., & C. Z. (2011). Arrival of Smart Appliances Is a Milestone on the Path to the Smart Grid. IEEE Smart Grid.
Retrieved 20 Feb. 2017. from http://smartgrid.ieee.org/newsletters/october-2011/arrival-of-smart-appliances-is-a-milestone-on-
the-path-to-the-smart-

grid?highlight=WyJzbWFydCIlsImFwcGxpYW5jZXMiLCJIhcHBsaWFuY2VzJlylsInNtY XJ0IGFwcGxpYW5jZXMiXQ
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Reliability
Using smart appliances will lower peak demand faced by North Carolina electric

cooperatives by shifting electricity consumption from peak to off-peak times, which will
improve grid stability and reliability. This two-way information relationship is achieved by
automating and retrofitting appliances utilizing older technologies. Customers will then have the
option to develop home energy management systems through which they will be able to monitor
and control their appliances, both as a network and individually. Due to this positive association
and high degree of penetration, we therefore categorize smart appliances as having a ‘Positive’

effect on reliability.

Affordability
Smart appliances can be programmed to be receptive to signals from both the electric

cooperative and the consumer. The implementation of smart appliances consequently
accomplishes energy savings for customers by shifting their consumption away from the most
expensive peak hours. Additionally, given the falling prices of these appliances that has come
with improving technology and experience, the adoption of smart technology has become more
affordable. Lastly, older technologies and home appliances tend to be less efficient in their
electricity consumption than smart appliances. As a result, smart appliances require less
electricity and produce energy savings for homeowners.

The greatest challenge to the integration of smart appliances throughout North Carolina,
according to information obtained from our interviews, is currently the higher upfront cost of
purchasing these appliances from the utility, as opposed to cheaper alternatives from companies
like Amazon. This finding is supported by a report from the US Department of Energy, which
discusses how high purchasing and maintenance costs often discourage homeowners from

pursuing the energy savings that smart appliances ultimately provide.*® We therefore categorize

“8Fuller, J., & Parker, G. (n.d.). Modeling of GE Appliances: Cost Benefit Study of Smart Appliances in Wholesale Energy,
Frequency Regulation, and Spinning Reserve Markets (pp. 1-65) (United States, US Department of Energy, Pacific Northwest
National Laboratory). PNNL. Retrieved 7 Mar. 2017. from
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22128.pdf
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smart appliances as having a ‘Positive’ effect on affordability.

Customer Satisfaction
Stemming from the increased two-way information stream that smart technology

provides for both consumers and electric cooperatives, the adoption of these appliances increases
customer awareness. Homeowners are then able to monitor and have an informed control over
their electricity consumption. Despite the signals that electric cooperatives can send to
appliances during peak hours, consumers will have the ability to override signals from the
cooperative should they choose to maintain their consumption during peak hours.*® This
combination of energy savings and increased information was found by electric cooperatives to
achieve higher levels of customer satisfaction.

Impeding their uptake however, electric cooperatives like Blue Ridge have discussed the
need to train their service representatives to successfully explain and instruct their customers on
how to properly use these devices. The complexity and obtrusiveness of the technology is a
challenge that electric cooperatives are working to overcome, as consumers are unable to adapt
their consumption patterns if they are unable to understand the information provided by their
smart appliances. Additionally, it can be time and resource-intensive to stay informed on the
real-time pricing of electricity, dis-incentivizing consumers from engaging. Accomplishing this,
smart appliances were found to be most successful when homeowners are given simple energy
usage data for each individual appliance.>® We therefore categorize smart appliances as having a
‘Positive’ effect on affordability.

Smart Thermostats
Smart Thermostats are one smart grid technology option for homeowners and consumers

in North Carolina to help reduce peak demand, and are currently in use within various electric

49USA, US Department of Energy, Office of Electricity Delivery & Energy Reliability. (n.d.). SmartGrid.gov. Retrieved 20 Feb.
2017. from https://www.smartgrid.gov/the_smart_grid/smart_home.html
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cooperatives, such as Lumbee, Cape Hatteras,>* and South River.>? These devices, as a type of
smart appliance, provide a two-way stream of information between the consumer and electric
cooperatives, allowing each side to interact and respond to changes. Having access to smart
thermostat information lets consumers monitor their electricity consumption and adjust
accordingly. Another option is that electric cooperatives can program these thermostats to
respond to peaking hours. This may take the form of automatic time-of-use responses, real-time
pricing, or perhaps even direct load control by the electric cooperative.>® For example, Lumbee is
now offering Ecobee Smart Thermostats to their customers as a means of achieving this
increased communication and analyzing whether or not there are subsequent customer responses.
Smart thermostats also can play a larger role in aggregating data for energy utilities, helping
them to forecast future demand and consumption patterns. These thermostats may include a
variety of service offerings, including electricity controls, water controls, in-home display
interfaces, phone interfaces, and more>*. Smart thermostats were mentioned across each of the

five cooperative interviews in association with each service to varying degrees.

Reliability
As a type of smart appliance, smart thermostats meet the criteria for reliability in the

same way as discussed above. Specifically, homeowners could program their thermostats to
automatically adjust in response to signals from the electric cooperative during peaking hours or
strong pricing signals®®. If the homeowner responds, the decreased electricity burden placed upon
the grid will increase reliability. We therefore categorize smart thermostats as having a ‘Positive’

effect on reliability.

S1Cape Hatteras Electric Cooperative - North Carolina's Electric Cooperatives. (2015). Retrieved 20 Apr. 2017. from
http://www.empowermenc.com/co-ops/cape-hatteras-electric-cooperative

52 Smart Thermostat Pilot. (2015). Retrieved 20 Apr. 2017. from http://sremc.com/content/smart-thermostat-pilot

%35.(2017). Demand Side Management Programs & Devices - Silver Spring. Retrieved 20 Feb. 2017. from
http://imwww.silverspringnet.com/solutions/dsm-devices/

5 Daim, T. U., & Iskin, I. (2010). Smart thermostats: Are we ready? International Journal of Energy Sector Management, 4(2),
146-151. Retrieved 20 Feb. 2017. from doi:http://dx.doi.org/10.1108/17506221011058678

%5 Ibid.
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Affordability
Smart thermostats meet the criteria for affordability in the same manner as the smart

appliances referenced above. Specifically however, as smart thermostats become an increasingly
common household tool, their upfront costs have dropped. Thermostats have become both
relatively cheaper and capable of providing more information, encouraging significant energy
savings. The greatest barrier is their high cost, particularly when considering the full life cycle
costs that consumers have to bear for their continued use.>® We therefore categorize smart
thermostats as having a ‘Positive’ effect on affordability.

Customer Satisfaction
Smart thermostats meet the criteria for customer satisfaction in the same manner as the

smart appliances referenced above. The net energy savings they achieve and the increased
amount of information and control they facilitate for homeowners has been cited by electric
cooperatives as a means of achieving greater customer satisfaction. A challenge to be considered
however, is the sophisticated technology of these devices. Consequently, consumers often do not
have the background knowledge necessary to adjust their behavior enough to achieve a
significant difference in their consumption patterns. Within North Carolina however, NCEMC
discussed the success of providing Ecobee Smart Thermostats to their customers. We therefore

categorize smart thermostats as having a ‘Positive’ effect on customer satisfaction.

Pay-as-you-Go
Pay-As-You-Go programs are a proactive option that differs from traditional programs

where customers pay at the end of the month for the electricity they have already consumed.
Within Pay-As-You-Go, customers to pay for their electricity before they use it and purchase a
previously self-determined amount. Historically, electric cooperatives have used meters to

provide a one-way stream of information, with energy usage measured in kwWwh. Homeowners

6Fuller, J., & Parker, G. (n.d.). Modeling of GE Appliances: Cost Benefit Study of Smart Appliances in Wholesale Energy,
Frequency Regulation, and Spinning Reserve Markets (pp. 1-65) (United States, US Department of Energy, Pacific Northwest
National Laboratory). PNNL. Retrieved 7 Mar. 2017. from
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22128.pdf
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that enroll in such a project are able to pay for their electricity ahead of time through ‘smart
cards’. These smart cards, similar in concept to pre-paid telephone cards, can be purchased in a
variety of locations and used in conjunction with a smart meter at the home. The most basic Pay-
As-You-Go smart meter has a simple display, which measures energy usage in terms of money
instead of kWh to increase customer awareness. This functions alongside a smart card reader or

keypad, which is typically linked to a prepayment system.

Reliability
Pay-As-You-Go was not found to meet the criteria for reliability over the course of our

interviews. Out of the five cooperatives we interviewed, Pay-As-You-Go was not referenced as
having any association with reliability. However, Pay-As-You-Go could have benefits for
electric cooperatives because they would no longer be forced to disconnect and reconnect homes
that are late in paying their electricity bills, which can have a detrimental effect on the reliability
of the grid. Due to the absence of any references to reliability however, we categorize Pay-As-

You-Go as having an unknown effect on reliability.

Affordability
Pay-As-You-Go was found to meet the criteria for affordability in several ways. Firstly,

this pre-paid electricity approach is appealing to consumers because of the flexibility and
financial control it allows and the prevention of debt from excessive energy consumption.®’
Additionally, after the smart meter’s installation, homeowners can monitor the real-time pricing
of electricity and reduce consumption during the day’s most expensive hours. The greatest
barrier to the service, according to the electric cooperatives who referenced the service, is simply
the novelty of the program in comparison to traditional methods and the lack of plan offerings to
meet specific customer needs. Electric cooperatives have been relatively slow to uptake the
service, because they must face the upfront cost of replacing their traditional billing meters with

the smart prepaid meters before they can offer Pay-As-You-Go programs.>® Despite this, savings

57 USA, Finance, Town of Wake Forest. (n.d.). Pay As You Go FAQs. Retrieved 20 Feb. 2017 from
https://www.wakeforestnc.gov/pay-as-you-go-fags.aspx
S8PAY AS YOU GO ELECTRICITY BASICS, ADVANTAGES, AND DISADVANTAGES [Web log post] (2017). Retrieved
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are still achieved assuming consumers change their behaviors in response to price spikes because
electric cooperatives are not forced to purchase the supplemental generation capacity in peaking
hours. Given these advantages, electric cooperatives are experiencing a payback timeframe of
four to five years on average for the upfront costs of integrating the Pay-As-You-Go program.

We therefore categorize Pay-As-You-Go as having a ‘Positive’ effect on affordability.

Customer Satisfaction
Demonstrating the growing desire for the service, the Wake Forest Power is currently

offering a Pay-As-You-Go program for their residential customers. Through this, homeowners
are able to convert to the program simply by completing an application, signing a contract, and
agreeing upon an upfront cost $50 into the account for daily usage. Participants are kept
informed on the status of their service through a system of customized notifications and email
alerts. Customers will not be punished for having to disconnect and reconnect to the grid, and are
permitted to revert back to a traditional system after a six-month time frame.*® The flexibility of
this program is designed to meet the desires of their customers. A barrier that could hinder
customer satisfaction however, is the need for the customer to expend the effort to purchase
additional pre-paid cards from a designated vendor if they overrun their budget. Despite this, we

ultimately categorize Pay-As-You-Go as having a ‘Positive’ effect on customer satisfaction.

Battery Storage
The need for a greater capacity of energy storage is increasing as the generation potential

of intermittent renewable resources grows. Battery storage, generally taking form of large
lithium-ion battery packs, is a preferred choice of storage for energy providers because of its
transportability and ability to be manufactured at economies of scale. Large-scale battery storage
projects can be used at the distribution point to serve as reinforcement for reliability or peak
shaving. Smaller-scale battery systems can also be dispatched among households in order to

serve as a tool for demand side management, back up power in case of a blackout, and even as a

20 Feb. 2017 from http://blog.usesi.com/2017/01/30/pay-go-electricity-basics-advantages-disadvantages/
59 Wake Forest Power. Retrieved: 20 February 2017 from https://www.wakeforestnc.gov/pay-as-you-go.aspx
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charging station for electric vehicles. Nine out of ten of our interviews referred to battery storage
as a technology that they had a desire to learn more about. Although high cost and relatively low
efficiencies currently make the technology impractical, North Carolina’s electric cooperatives

have shown a strong interest in adopting battery storage in the near future.

Reliability
Within our interviews, reliability was referred to by nearly every subject as a benefit of

battery storage. However, most electric cooperatives in North Carolina do not have any current
storage projects, though they voiced a great deal of interest in gaining more resources and
information about the technology. Despite this, battery storage projects are being successfully
deployed in other small utility and electric cooperative territories around the country.

For example, in January 2017 Hawaiian Electric announced a project to provide 1 MW of
storage services across its Oahu grid.®° Using technology from Stem Inc., the Hawaiian utility
will also be providing real time-sit energy visualizations, forecast and cost data, and renewable
generation monitoring to its customers for added grid stability. The unique characteristic of this
project is that the energy storage systems are not going to be installed at the distribution point;
rather, smaller systems will be installed in family-operated commercial firms, small businesses,
and institutions. This allows customers to reduce energy costs and integrate their own renewables
onto the grid. Hawaiian Electric is the first utility in the country to announce a goal of utilizing
100% renewable energy for electricity, with the milestone to be reached by 2045.%* With a
population of less than 1 million, the island of Oahu is the ideal testing ground for this kind of
technology. Within North Carolina and our cooperatives however, given its potential storage

capacity in the future, we categorize battery storage as having a ‘Positive’ effect on reliability.

Affordability
There are two main barriers to widespread adoption of battery storage technology: cost

80Solar Server (2017) Retrieved: 5 Mar. 2017 from http://www.solarserver.com/solar-magazine/solar-
news/current/2017/kw05/stem-connects-one-mw-of-energy-storage-for-hawaiian-electric.html

61 Hawaiian Electric (2017). Retrieved: 4 Mar. 2017 from https://www.hawaiianelectric.com/about-us/our-vision/100-percent-
renewable-energy
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and performance. However, thanks to innovations in battery chemistry and mass production
techniques enacted by storage companies such as Tesla and STEM, prices have fallen over 70%
within the past two years, with industry expectations that prices will continue to fall.®> Cheaper
batteries mean that battery systems can be deployed that have longer capacities for storage as
well as higher system efficiencies. Tesla has set a goal of bringing storage prices down to $100
per kilowatt®3, but this goal is not expected to be met until 2022. In order for battery storage to be
a viable option for non-profit rural electric cooperatives, both at the distribution point and as a
service to offer their members for in-home installation, prices will have to continue to fall.

In 2015, the small Vermont utility Green Mountain Power announced a plan to offer in-
home battery storage to their customers. Utilizing the Tesla Powerwall battery for its program,
Green Mountain has set up financing techniques including outright purchasing of the system and
leasing with no upfront costs.®* In addition to allowing cost savings for their customers, Green
Mountain identified resiliency and energy efficiency as benefits to this program. Citing similar
benefits, Texas Electric Cooperatives, Inc. announced a partnership with Advanced Microgrid
Solutions in January 2017 to construct a 200 kWh system at TEC’s Georgetown Master
Distribution Center. This coalition of electric cooperatives acknowledged this was a “tremendous
learning opportunity for cooperatives serving rural areas across the U.S.”% Therefore, within
North Carolina and our electric cooperatives, we categorize battery storage as having a ‘Mixed’

effect on affordability.

Customer Satisfaction
According to a study by the Institute of Electrical and Electronics Engineers (IEEE),

62]_acey, Stephen (2016). Stem CTO: Lithium-lon Battery Prices Fell 70% in the Last 18 Months. Green Tech Media. Retrieved:
4 Mar. 2017 from https://www.greentechmedia.com/articles/read/stem-cto-weve-seen-battery-prices-fall-70-in-the-last-18-
months
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Retrieved: 4 Mar. 2017 from https://www.greentechmedia.com/articles/read/How-Soon-Can-Tesla-Get-Battery-Cell-Cost-Below-
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models predict that a fall in battery storage costs will lead to an increase in solar PV

installations.®®

Figure 4. Total Solar PV capacity over time relative to battery cost (Source: IEEE)
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In addition to greater solar installations, other customer services can be enhanced using
battery storage technology. The ability to store electricity to use during off-peak times allows
customers to utilize time-of-use bill management and demand charge reduction, as well as
serving as backup power in emergency situations.®” Within North Carolina and our cooperatives,
given the nascent state of the technology and lack of implementation, we categorize battery

storage as having an unknown effect on customer satisfaction.

Controllable Water Heaters
Water heaters are often described as the “hidden battery” sitting in everyone’s home. The

electric resistance water heater (ERWH) uses electricity to generate heat that then heats up water.
Another type is heat pump water heater (HPWH), which draws heat from the environment to
heat water, or reverse the function of a refrigerator. The HPWH can be a standalone appliance, or

can work with the heat pump for space heating and cooling. Compared to ERWH, HPWH works

86«Utility-scale Lithium-Ton Storage Cost Projections for Use in Capacity Expansion Models,” Cole, et al. IEEE. Retrieved 05
Mar. 2017 from http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7747866

57 Fitzgerald, G., Mandel, J., Morris, J., Touati, H. (2015). The Economics of Battery Energy Storage. Rocky Mountain Institute.
Retrieved: 4 Mar. 2017 from http://www.rmi.org/Content/Files/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-
FINAL.pdf
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much better in a warmer climate.%

This new type of controllable water heater can function not only as a normal water heater,
but also as a storage technology. Additionally, the controller can either be built inside the water
heater or attached to the surface. Electric cooperatives and members can both take control of and
gain benefits from the heater. Electric cooperatives can shut down the water heater during peak
hours to help stabilize the grid and save peak energy cost, and conversely turn it on when
demand and costs are low, most likely during night hours. Although a water heater is not an ideal
form of storage technology because it can only store and not release energy, it however can
affect the load by selectively turning on or off. Moreover, water heaters are much cheaper than
existing storage technologies and are already implemented in most households. Given these
advantages, electric cooperatives should take advantages of this “new” type of storage
technology. In fact, many electric cooperatives already offer rebates for water heaters, and it is
fairly easy to implement a program introducing financial compensations for water heater control.
One successful example of a utility water heater program comes from Great River Energy, a
generation and transmission cooperative in Minnesota. They control more than 110,000
residential water heaters from 11p.m. to 7a.m., and 65,000 water heaters store enough hot water

for an entire day; 45,000 water heaters are then used to shave peak demand.®®

Reliability
As controlling water heaters can allow for peak shaving by turning off when demand is

too high requiring a quick response, and regulating the frequency of the grid, they help balance
the demand and supply of energy. This maintains a high quality of power, which helps to
improve reliability. Within North Carolina and our cooperatives therefore, we categorize water

heaters as having a ‘Positive’ effect on reliability.

%The hidden battery: opportunities in electric water heating. Ryan Hledik, Judy Chang, Roger Lueken. Retrieved 05 Apr. 2017
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Affordability

It has been determined that if utilities offer controllable water heaters with different
capacities and programs such as “thermal storage”, “peak shaving” and “fast response”, the
estimated annual benefits would be $489,000 across 100,000 residential customers.” These
benefits would then be passed along to members according to the electric cooperative’s structure.
Based on these findings, we categorize controllable water heaters as having a ‘Positive’ effect on

affordability.

Customer Satisfaction
No interviews discussed the effects of water heaters on customer satisfaction, except for

NCEMC mentioning that they would run a statewide pilot program, which regardless may not be
an indication of a positive effect on customer satisfaction. However, California ISO discovered
that customers typically resisted giving away control of their appliances at a higher degree than
expected.” Based on this, we categorize controllable water heaters as having a ‘Mixed’ effect on

customer satisfaction.

Energy Efficiency Upgrades
Energy efficiency upgrades, also referred to as weatherization, aim at optimizing energy

efficiency and reducing energy consumption within buildings. Operationally speaking, energy
efficiency is using less energy to deliver the same services.”? An energy efficiency upgrades
program usually starts with an energy audit, an essential step for assessing how much energy a
house consumes and evaluating what measures can be taken to make the home more energy
efficient.”® A home energy audit, carried out by certified energy auditors, usually includes an

insulation examination, ductwork and furnace inspection, and air leakage and air-tightness

0The hidden battery: opportunities in electric water heating. Ryan Hledik, Judy Chang, Roger Lueken. Retrieved 05 Apr. 2017
from http://www.brattle.com/system/news/pdfs/000/001/007/original/The_Hidden_Battery_-
_Opportunities_in_Electric_Water_Heating.pdf?1455129462
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Home weatherization, Retrieved 18 Mar. 2017 from https://www.energy.gov/public-services/homes/home-
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check-ups using blower door tests and thermographic camera. The results of these examinations,
studied alongside past utility bills, will create recommendations for energy-saving
improvements. This could take the form of a simple switch to LED lighting, window air-
tightness treatments or heating system upgrades. Other than home surface and interior
renovations, another important part of efficiency upgrades is targeted at replacing home electric
appliances that are energy inefficient, including lighting, HVAC, refrigeration and electronic
motors. Blue Ridge has rebate program that gives customers back a proportion of the costs of
loans for each implemented improvement, such as heat pumps, smart appliances, and hot water
heaters. Benchmark and policy incentives like energy efficiency standards and home appliances
labeling has been shown to alter daily consumer behavior, nudging consumers to purchase
ENERGY STAR products with high energy efficiency labels and that use 10-15% less energy
and water than standard models.

As increasingly efficient building standards come into effect, energy efficiency has
become the new normal and is occurring naturally. Currently, all 26 of the electric cooperatives
in North Carolina provide energy efficiency upgrade services in the form of professional energy
audits, Energy Star Home Advisor online tools and energy product replacements through energy
efficiency upgrade loans and product rebates. Electric cooperative leaders have learnt from
experience that the biggest opportunity for energy saving resides in the building sector, on both
the residential and commercial scale. Incentivizing a higher uptake of energy efficiency
opportunities has been their goal over the past decade, and will continue to be their focus for

decades to come.

Reliability
To optimize energy utility, energy efficient technologies take measures to reduce heat

loss, improve energy system design and enhance energy conversion efficiency. These
improvements not only enhance the reliability and sustainability of the electricity system, but
also serve as essential infrastructure for other services like smart appliances, which then enable
households to reschedule their energy consumption, reducing the costs of supplying peak
demand. For every spike avoided by load shifting through energy efficiency improvements,



Lumbee River Electric Membership Cooperative saves $2 million in peaking and grid reliability
management fees, as indicated by our interview. Based on this evidence, we categorize energy

efficiency upgrades as having a ‘Positive’ effect on reliability.

Affordability
Building efficiency upgrades pay back investments in the form of lower energy bills over

time. They are a preferable choice for low-income customers, instead of renewable energy
adoption, because of their cost-effectiveness, as indicated by all five of the cooperative operation
officers we interviewed. A study of Lawrence Berkeley National Laboratory Energy identifies
efficiency upgrades as the "most abundant, cheapest, and fastest approach” to save energy
currently.” The economic benefits of weatherization are transformative at the household-level
(8-10% energy costs reduction) and tremendous when aggregated at the national-level. ™ In the
United States, buildings are responsible for consuming one third of the nation’s energy, and
building efficiency improvements alone were estimated to have the potential to save $43.9
billion in 2014.7°

Home energy audits typically cost around $200-$500. Local governments and utilities
help homeowners identify local companies that conduct professional energy audits and
sometimes even subsidize these activities. They also donate money to local weatherization
agencies to give qualified people free energy efficiency equipment. The Department of Energy’s
Weatherization Assistance, the nation’s largest single residential whole-house energy efficiency
program, enables most electric cooperatives to offer rebates or on-bill loans for low-income
households to reduce their energy costs and improve efficiency.”” There are another 41 financial
incentives at the state and municipal-level that fund energy efficiency programs through low-

interest loans, rebates and tax credits. These make it more affordable for the electric cooperative

74 E.O. Lawrence Berkeley National Laboratory. Retrieved 18 Mar. 2017 from https://eetd.lbl.gov/ee/ee-1.htm

5 Ibid.

6Advanced Energy Economy, Retrieved 18 Mar. 2017 from http://info.aee.net/advanced-energy-now-2014-market-
report?&__hssc=&__hstc&hsCtaTracking=fafb39b3-8cc1-4950-952d-349de885b437%7Cc37a6d6d-74d2-4a5d-8caa-
9b20d94113c4

""Energy Government, Weatherization Program, Retrieved 18 Mar. 2017 from https://energy.gov/eere/wipo/about-
weatherization-assistance-program-0
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to carry out improvements and for low-income members to participate. Rebates cover a
proportion of the costs, either on a prescriptive basis where the utility offers a fixed rebate
amount for upgrades or as a custom rebate, which is calculated based upon actual energy
savings, with specific maximum allowable rebates set by the utility.”

Blue Ridge Electric Cooperative built showrooms for their energy efficiency projects to
allow for customer demonstrations. They also have developed pilot experiments and promotional
education programs for their members to better understand the services. The North Carolina On-
Billing Working Group has also engaged in organizing workshops and facilitating programs that
increase the penetration of energy efficiency upgrades in synergy with on-bill financing, which
proved to be most effective in enrolling rural community members. Based upon the current
practices of energy efficiency upgrades in North Carolina, we categorize energy efficiency
updates as having a ‘Positive’ effect on affordability.

Customer Satisfaction
Energy efficiency programs over the past 30 years show increasing returns beyond the

basic energy savings. Interviewees mentioned that weatherization and efficiency enhancements
have become an important vehicle for electric cooperatives to comply with the North Carolina
Renewable Energy and Energy Efficiency Portfolio Standard (REPS). Moreover, home energy
efficiency upgrades enhance property values and serve broader benefits as they attract new
business to the area, resulting in economic development and conservation against large industrial
customers. Other benefits include the sustainability of the energy system, environmental and
health benefits and macroeconomic development. Members are happy with the cooperative-led
energy efficiency upgrade programs, and their impacts on energy bills, the environment and
community development. We therefore categorize them as having a ‘Positive’ effect on customer

satisfaction.

8N.C. Clean Energy Technology Center, Database of State Incentives for Renewables & Efficiency, Retrieved 25 Mar. 2017
from http://programs.dsireusa.org/system/program?zipcode=27705, accessed 4/5/17.
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On-Bill Financing
On-bill financing (OBF) is a method of financing energy programs that uses utility bills

as a vehicle for repayment.” This method is widely used for energy efficiency upgrades and
renewable energy programs, where customers repay the cost of installations over time on their
utility bill, rather than paying the costs upfront. Instead, the utility acts as a lender and pays for
the high upfront costs. In some programs, a third party provides capital, usually at a low interest
rate, from private or public funding sources. The means of recovering costs divides on-bill
financing programs into two models: on-bill repayment (OBR) and tariffed on-bill (TOB). An
OBR model, also referred to loan-based model, ties costs to property owners, who have a non-
transferable liability to repay the loans. The TOB model by comparison ties the costs of upgrades
to the property’s meter, so the tariffs remain in force for the current occupants, regardless of
whether a new tenant moves in, the property is sold, or foreclosure occurs. While the loan-based
model minimizes an electric cooperative’s financial risks, the tariff model can achieve a greater
penetration within the niche market of low-income households who may not qualify for credit.

As of March 2017, three electric cooperatives in North Carolina have adopted on-bill
financing programs. Yancey and Mitchell counties passed the United States’ first resolutions in
2013, which support the development of on-bill financing for residential energy programs.
French Broad Electric Membership Corporation, the electric cooperative that serves them, then
became the first electric cooperative in North Carolina to offer low-interest on-bill financing for
mini-split electric heat pumps. With $6 million in funding from the USDA Energy Efficiency &
Conservation Loan Program, Roanoke launched its “Upgrade to $ave” program” through the
TOB model in 2015.8° This proved to be a tremendous success, with high participation rates
among members. Most recently, Blue Ridge carried out an on-bill energy efficiency loan
program in 2016. Our interviews with the North Carolina On-bill Financing Group revealed that
two more cooperatives are also considering offering on-billing financing schemes by the end of
2017.

8 American Council for an Energy-Efficient Economy, Retrieved 22 Mar. 2017 from http://aceee.org/sector/state-
policy/toolkit/on-bill-financing
80 Roanoke Electric Cooperatives, Upgrade to $ave, Retrieved 22 Mar. 2017 from http://roanokeelectric.com/UpgradeToSave
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Reliability
Our interviewees discussed on-bill finance as a financing mechanism, but made no

mention of its impact on grid reliability. However, it is worth mentioning that on-bill financing
encourages the adoption of home energy efficiency upgrades, which as a result, reduce baseload
and peak energy demand, which then increases grid reliability. By improving home energy
system and facilities, this mechanism also improves reliability at the household-level, because
renovated homes are less likely to suffer household interruptions caused by equipment failure or
bad weather. Based upon these findings, we therefore categorize on-bill financing as having an

‘Positive’ effect on reliability.

Affordability
On-bill financing lowers the hurdle of high upfront costs of energy programs and

lowering this threshold allows owners, renters and residents to finance energy efficiency
improvements and renewable energy. This service also improves energy equality and
environmental justice by making clean and efficient energy more accessible and affordable to
low-income customers who may not otherwise have had access to conventional financing.
Successful on-bill financing programs help participants save energy, directly demonstrated
through lower energy costs on their bills. According to the Energy Information Agency, rural
communities spent 17% of income and about $5900 on energy per household.?! The North
Carolina On-bill Finance Working Group estimates that Blue Ridge’s on-bill financing upgrade
program can help the average participating household save up to $975 per year and lower their
annual energy bill by 15%.82 At the cooperative-level, energy conservation reduces peak load,
which subsequently lowers electric cooperatives’ peak demand management costs.

On-bill financing is a reliable repayment mechanism for electric cooperatives to

implement energy programs with lower financial risks and higher participation rates. These

81US. Census Bureau, North Carolina Quick Facts, 2009-2013, Retrieved 2 Apr. 2017. from
http://quickfacts.census.gov/qfd/states/37000.html

82Saving Energy for High Counties, Appalachian Voices, Retrieved 2 Apr. 2017 from
http://appvoices.org/energysavings/highcountry/
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lower financial risks increase the electric cooperative’s likelihood of obtaining funding for
programs, which is crucial when public funding opportunities are competitive and private capital
funding opportunities are particularly rare in rural areas. For example, Roanoke’s “Upgrade to
$ave” program utilizes the Energy Efficiency and Conservation Loan Program by the USDA,
which is designed specifically for electric cooperatives and other utilities to implement on-bill
energy efficiency financing and clean energy programs. Despite these advantages, on-bill
financing has the potential to cause a debt burden on electric cooperatives if not well designed.
The Operation Officer of Blue Ridge Electric Membership Cooperative talked about their failed
attempt with on-bill financing in the late 1990s, because constantly moving customers resulted in
low enrollment rates and repayment defaults. This suggests that model design and enroliment
checks for participants is key for the success of an on-bill financing program. Currently, a lack of
technical resources and low participation rates prevent this service from achieving wider
adoption in those counties of North Carolina that suffer tough economic conditions. The
implementation of on-bill financing programs also requires a greater staff capacity, which proves
challenging for rural electric cooperatives that have small staff cohorts who are unfamiliar with
the fundamentals of the service. To bridge these gaps and better facilitate comprehensive on-bill
financing programs in North Carolina, local environmental organizations and community
stakeholders developed collaborative efforts to form the North Carolina On-Bill Working Group
(NCOBWG). The NCOBWG then assists electric cooperatives through program design,
technical and informational support, and education and outreach programs to help cooperatives
engage more members into their on-bill financing programs. Considering a cost-effective design
and the increasing influence of NCOBWG, we categorize on-bill financing as having a ‘Positive’

effect on affordability.

Customer Satisfaction
In 2015, Appalachian Voices collected over 1000 member signatures among Blue

Ridge Electric Member Cooperatives in support of energy efficiency upgrades and on-bill
financing. Low-income households that struggle to pay high energy bills are excited about the
potential energy cost savings. Moreover, this financing approach has been successful in the past



few decades in increasing the adoption of clean energy. EDF estimates that from 2000-2012, on-
bill financing programs spurred $2.62 billion in investments for clean energy in North Carolina,
which reduced the state’s greenhouse gas emissions by approximately 34.8 million metric tons.®®
Apart from these economic and environmental benefits, property retrofits and upgrades have also
created about 18,000 manufacturing and installation-related jobs in the state. Given its savings,
environmental, and community benefits, we therefore categorize on-bill financing as having a

‘Positive’ effect on customer satisfaction.

Broadband
Broadband usually refers to “high-speed internet access that is always on and faster than

the traditional dial-up access.” Under this definition, broadband is a very broad concept and
includes several technologies: Digital Subscriber Line (DSL), cable modem, fiber, wireless,
satellite and broadband over powerlines (BPL).34

Figure 5 and Figure 6 show the broadband coverage of different technology types in
North Carolina. The state is more covered by wireless networks than other wired networks, like
DSL or fiber. However, the eastern part of state has little coverage through two technology
forms.

Even though these coverage maps may appear positive, reports demonstrate that
broadband penetration rates for some electric cooperatives in the state are lower than 50%.
Moreover, some members only obtain broadband through their phones, which means that devices
like thermostats in their homes will lose internet connection once they leave their households.®

Beyond a lack of coverage, Figures 7-9 show other problems that broadband suffers.
There appears to be little competition for the provision of broadband throughout the majority of
the state, which means that the service offering can be inadequate or expensive. The lack of a

high capacity connection in rural areas prevents the opportunity for business to settle and

8 North Carolina On-hill Repayment Factsheet Retrieved 22 Mar. 2017 from
https://www.edf.org/sites/default/files/content/nc_obr_fact_sheet.pdf
84Types of Broadband Connections. Federal communications commission. Retrieved 05 Apr. 2017 from

https://www.fcc.gov/general/types-broadband-connections
8Materials from interview.
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develop within the county, which hinders the prosperity of the region as a whole. A lack

development in broadband across rural areas only exacerbates this issue and leaves rural areas

continuously disadvantaged in this digital age.
Figure 5. Broadband coverage in NC by DSL and cable by 2013 (Green: DSL; Blue: cable;

Brown: fiber)®®

Figure 6. Broadband coverage in NC by wireless by 2013 (Pink: fixed wireless; Yellow: mobile

wireless)®’
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Figure 7. Access for more than one provider in NC8
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8NC Broadband. Retrieved 05 Apr. 2017 Retrieved from https://openmap.ncbroadband.gov
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8 North Carolina Connectivity: The Good, The Bad, and The Ugly. H. R. Trostle, Christopher Mitchell. Retrieved 05 Apr. 2017
from https://ilsr.org/wp-content/uploads/2016/10/NC-Broadband-Report_10_2016-1.pdf
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Figure 8. The availability of high capacity connection in NC®
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Figure 9. Future investment plan of broadband in NC*
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Some cooperatives are now considering providing broadband services to their members,

akin to what they with electric services in earlier years. However, according to North Carolina’s

8 1bid.
% Ibid.



General Statute §117-18.1,%! even though electric cooperatives in the state can “form or hold
interest in separate business entities that provide telecommunication services and products,”
these business entities “are not financed with loans or grants from the RUS of USDA”, which are
the major source of funding for electric cooperatives. Under this law, it is extremely difficult for
electric cooperatives to provide their members with broadband. Despite this, there are some
creative solutions being developed by some electric cooperatives in North Carolina. By joining
the North Georgia Network (NGN) cooperatives, which has grants from a broadband stimulus
program, Blue Ridge EMC uses the NGN network to provide affordable and well-covered fiber-
to-the-home services(FTTH)® to 48,000 members. Lumbee River Cooperative, on the other

hand, partnered with Horry Telephone Cooperative to provide FTTH to 12,000 members.®3

Reliability
During our interview with Roanoke EMC, they claimed that their main driver for

broadband development was having a “state of art system,” as broadband allows for efficient
communication between substations and controls. Moreover, they can then obtain user and
system data more easily, increase electric cooperatives’ capabilities of dealing with physical and
cyber-threats, and facilitate the development of energy management devices and programs.®
These advantages conferred by broadband can increase the reliability of the grid and distribution

of electricity, and so we categorize broadband as having a ‘Positive’ effect on reliability.

Affordability
As we identified while discussing reliability, broadband can enable many additional

technologies and programs, such as smart thermostats and demand response programs. Through

912015 North Carolina General Statutes Chapter 117 - Electrification. Article 2 - Electric Membership Corporations. §117-18.1 -
1. Subsidiary business activities. Justia US Law. Retrieved 05 Apr. 2017 from. http://law.justia.com/codes/north-
carolina/2015/chapter-117/article-2/section-117-18.1/

92North Carolina Connectivity: The Good, The Bad, and The Ugly. H. R. Trostle, Christopher Mitchell. Retrieved 05 Apr. 2017
from https://ilsr.org/wp-content/uploads/2016/10/NC-Broadband-Report_10_2016-1.pdf

9%High-speed Internet coming. The Robesonian. Retrieved 05 Apr. 2017 from http://robesonian.com/archive/14288/news-
business-50959873-high-speed-internet-coming

9Federal Energy Regulatory Commission. Retrieved 05 Apr. 2017 from https://www.ferc.gov/media/news-releases/2004/2004-
4/10-14-04.pdf
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broadband, members can schedule their smart thermostats to be on and off at certain times,
which helps save both energy and costs. Electric cooperatives can also take advantage of smart
thermostats to save energy consumption and expensive energy costs at peak hours by
implementing demand response programs. These savings will then be subsequently passed along
to their members. However, of the population that cooperatives in North Carolina are serving,
18.7% live under the poverty line. % Even at a Blue Ridge EMC’s monthly fee of $34, some
members may simply not be able to afford it. Based on these findings, we categorize broadband
as having a ‘Mixed’ effect on affordability.

Customer Satisfaction
There are no outside resources suggesting that providing broadband would increase

customer satisfaction. However, during our interview with Roanoke EMC, the interviewee
mentioned that their members and the surrounding community were willing to support the
development of broadband. We therefore categorize broadband as having an unknown effect on

customer satisfaction.

Microgrids
Microgrids, according to the definition given by the Department of Energy, are “localized

grids that can disconnect from the traditional grid to operate autonomously and help mitigate grid
disturbances to strengthen grid resilience.”% This means that customers in microgrid territories
can consume energy from centralized power plants during normal operating hours. When a
disturbance occurs, microgrids can disconnect from the utility grid, and sustain operations
through their own distributed generation. Microgrids require a sophisticated optimized control of
these distributed energy resources (DER). Such systems have the benefit of DER, islanding the
area from a larger grid, as well as the combined benefits of an optimized system.

Currently NCEMC has developed two microgrid demonstration projects in North

9SUSDA Economic Research Services. Retrieved 05 Apr. 2017 from
https://data.ers.usda.gov/reports.aspx?1D=14843#.VKLuv7j7DaA

% The Role Of Microgrids In Helping To Advance The Nation’s Energy System. Energy.Gov. Retrieved 05 Apr. 2017 from
https://energy.gov/oe/services/technology-development/smart-grid/role-microgrids-helping-advance-nation-s-energy-system
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Carolina. One of them is in Ocracoke island, in the territory of Tideland EMC. Given the
weather conditions of Ocracoke Island, they require a very reliable system. The microgrid
project consequently developed battery storage, solar array, thermostats, and diesel generators.
The electric cooperative members now have more reliable power supply and more control over
their energy usage through smart thermostats. Additionally, Tideland EMC can reduce peak

demand and total cost, while also improving system reliability.

Reliability
Microgrids allow for electricity distribution to be maintained when connection with the

central grid is disrupted, even when the electricity infrastructure is not in place, using renewable
energy generation and storage technology. The reliability of grid is therefore enhanced as the
number of interruptions is reduced and the resilience is increased. Based upon these findings, we

categorize microgrids as having a ‘Positive’ effect on reliability.%’

Affordability
On one hand, renewable generation resources and storage technologies can help reduce

energy costs, which allows for the sale of excess electricity to the central grid. However, even
with existing infrastructure, making microgrids function will require the addition of a large
number of DERs, communication technologies, automated systems and supplementary devices to
the electrical system. This will also require more highly trained employees for management and
maintenance. The relationship between the costs and benefits of microgrids depends on the scale
of the projects and the current power market. We therefore categorize microgrids as having a
‘Mixed’ effect on affordability.

Customer Satisfaction
There is no interview or outside resources that discuss the relationship of the microgrid

and customer satisfaction, primarily because it is a fairly new technology. Consequently, we

9Microgrids — Benefits, Models,Barriers and Suggested Policy Initiatives for the Commonwealth of Massachusetts. DNV
KEMA. Retrieved 05 Apr. 2017 from http://files.masscec.com/research/Microgrids.pdf
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categorize microgrids as having an unknown effect on customer satisfaction.

Summary of Findings
Table 5. Service and Criteria Associations

Services Reliability Affordability Customer
Satisfaction
Residential solar Mixed Negative Positive
Community solar Unknown Mixed Positive
Smart appliances Positive Positive Positive
Smart thermostat Positive Positive Positive
Pay-as-you-go Unknown Positive Positive
Battery storage Positive Mixed Unknown
Water heater Positive Positive Mixed
On bill financing Positive Positive Positive
Energy Efficiency Positive Positive Positive
Upgrade
Broadband Positive Mixed Unknown
Microgrid Positive Mixed Unknown

READINESS TO IMPLEMENT
As cooperatives consider implementing these services, it is important for them to

understand the level of institutional knowledge that already exists among North Carolina’s
electric cooperatives when it comes to implementing each service. To determine the extent of
foundational knowledge, we use two proxy measures. The first is whether or not NCEMC has an
established program for implementing the given service. If not, the second measure is whether or
not at least one electric cooperative in North Carolina has already implemented this service. If
NCEMC has an established program, we give a rating of ‘High.” If NCEMC does not have a
program, but at least one cooperative in North Carolina has implemented the program, we give a



rating of ‘Medium.” If neither condition is met, we give a rating of ‘Low.” These results can be
seen in Table 6.

This provides a preliminary indication of how resource-intensive it will be for
cooperatives to implement these services. For those services that receive a high rating, we
recommend that cooperatives work with the existing NCEMC program to implement the service.
For services with a medium rating, we recommend that cooperatives work with NCEMC or other
cooperatives to develop a program. For services with a low rating, we recommend that

cooperatives build a coalition of cooperatives to further explore and quantify the benefits of the

service.
Table 6. Ease of Implementation
Service Established Current Readiness to
NCEMC Program Implementation in Implement
North Carolina
Residential Solar/Net No Yes Medium
Metering
Community Solar Yes Yes High
Smart Appliances Yes Yes High
Smart Thermostats Yes Yes High
Pay-as-you-go No Yes Medium
Battery Storage No No Low
Water Heaters Yes No High
On-bill Financing No Yes Medium
Energy Efficiency No Yes Medium
Upgrades
Broadband No Yes Medium

Micro Grid No No Low



RECOMMENDATIONS
By incorporating the results of our service benchmarking and readiness to implement, we

develop tiered recommendations for electric cooperatives in North Carolina. This tiered
assignment is based upon a scoring system where we assign 1 point if a service received a
“Positive” impact for a given criterion; 0 points for “Unknown or Mixed” impact; and -1 point
for a “Negative” impact. Similarly, for the analysis results of readiness to implementation, we
assign 1 point for “High” readiness to implement, 0 for “Medium” and -1 for “Low” readiness to
implement. Summing up the scores for each evaluation criterion, services that earn 4 points total,
with 1 point for all the criteria, are categorized into the top tier. Services that score 3 or score 2
points fall respectively into the second tier and the third tier of our recommendation. If a service
has less than 2 points, it is placed into the fourth tier of our recommendation.

As seen from the results summarized in Table 7, our top tier recommendation for electric
cooperatives in North Carolina is to provide smart appliances and smart thermostat services for
their members. These not only satisfy the three criteria for electric cooperatives’ success, but
NCEMC also has programs in existence, demonstrating that there is readily available experience
at the cooperative-level for implementation. Although energy efficiency upgrades programs have
already been widely adopted, electric cooperatives are strongly encouraged to incorporate on-bill
financing with existing services to encompass a broader spectrum of participants. This inclusion
would expand their positive impacts on reliability, affordability and customer satisfaction. Our
second-tier recommendation also includes water heaters, where electric cooperatives could
collaborate with the existing NCEMC program for implementation suggestions. Electric
cooperatives should consider third tier recommendations based upon their individual priorities.
We also encourage electric cooperative managers to keep track of technology improvements,
innovative institutional design and the latest financial standing for pay-as-you-go and community
solar, and to consider adoption if opportunities present themselves. Battery storage, broadband,
microgrids and residential solar services fall into the fourth tier of our recommendation. For
these services, we recommend that interested electric cooperatives make investment decisions
only when economically feasible, customers desire them, and collaboration with experienced

partners is in place.



Table 7. Tiered Service Recommendation for Electric Cooperatives

Services Reliability Affordability = Customer Readiness to
Satisfaction Implement
Top Tier (Score 4)
Smart Positive Positive Positive High
appliances
Smart Positive Positive Positive High
thermostat
Second Tier (Score 3)
On-bill Positive Positive Positive Medium
financing
Energy Positive Positive Positive Medium
efficiency
upgrades
Water heater Positive Positive Mixed High
Third Tier (Score 2)
Pay-as-you-go Unknown Positive Positive Medium
Community Unknown Mixed Positive High
solar
Fourth Tier (Score < 2)
Battery storage  Positive Mixed Unknown Low
Broadband Positive Mixed Unknown Medium
Microgrid Positive Mixed Unknown Low
Residential solar Mixed Negative Positive Medium

LIMITATION OF FINDINGS
While our analysis provides a foundation for further work in this area, limitations to our



study do exist. Primarily, our interview results are limited by a self-selection bias. Our interviews
were not mandatory for electric cooperatives, therefore the electric cooperatives that chose to
participate may not reflect the views of the entire population of electric cooperatives in North
Carolina. Second, even though many electric cooperatives were willing to speak with us, they
were not willing to share proprietary information or data for our analysis. The result is a
qualitative analysis that does not provide quantitative evidence to support our recommendations.
We also have a small sample size, which is a result of the small population of our study—the 26
existing rural electric cooperatives in the state of North Carolina. Even with a nearly 28%
response rate, it is difficult to conclude that our results are translatable to every single electric
cooperative across the state. Further in-depth research must be conducted to ensure that our
recommendations could apply across the state. Lastly, we were unable to conduct surveys with
electric cooperatives’ members to better understand their preferences towards services. Once
again, this limited our analysis to a qualitative assessment of the services based solely on

interviews, without the ability to quantitatively present member preferences.

NEXT STEPS FOR COOPERATIVES
The first crucial step for electric cooperatives will be to identify their prioritization of

service offerings: Will it be most important for them moving forward to offer services that most
heavily prioritize reliability, affordability, or customer satisfaction? After determining this, there
are a number of in-depth analyses that should be conducted to obtain more electric cooperative
and circumstantial information that will be critical before implementation. These studies will
include a range of cost benefit analyses, reliability analyses, and customer preference surveys.
These can be conducted using the operationalized measures we referenced earlier in defining
reliability, affordability, and customer satisfaction. For example, a reliability analysis could
include an evaluation utilizing the CAIDI to determine whether or not a service has reduced the
time required to return electricity to the grid and homeowners. Additional general steps to
implementing services could include applying for government funding to support the upfront

costs of broadband infrastructure or building and home appliance retrofitting. Another means of



increasing service offerings could include electric cooperatives combining their efforts,
developing a greater service coverage (such as a larger microgrid), combining their resources,
and distributing costs.

Given the frequency with which energy storage was mentioned, within nine out of ten
interviews, developing relationships with energy storage companies and increasing research
efforts could be a beneficial next step. Electric cooperatives such as Wake Electric and Blue
Ridge, emphasized the critical role they believe energy storage could play in the coming years,
assuming the technology continues to advance and costs fall. Partnering with companies such as
Tesla or Stem could therefore assist electric cooperatives in reducing the financial risks of
storage and obtaining early opportunities for adoption. Beyond partnering with more research
organizations, electric cooperatives could also find benefits in working with NCEMC. Given the
amount of resources and information that NCEMC has aggregated, they could provide
information on the services and success of each currently being offered by other electric
cooperatives throughout the state. Building upon this idea, as a final step electric cooperatives
should engage in a higher degree of information-sharing with one another. Discussion of best
practices and technologies will help electric cooperatives to more quickly ascertain which
services are most effective in meeting their criteria and providing the best offerings for their

customers.

CONCLUSION
Throughout the course of our research, we have found that there are several consistent

priorities that should drive the integration of additional services for electric cooperatives
throughout rural North Carolina. First, residents of rural counties throughout the state are more
susceptible than those in urban centers to poverty or facing difficulties in paying their energy
bills.%® As a result, electric cooperatives should strive to provide clean energy options to their

low-income customers at manageable prices. Additionally, as the electrical grid evolves to meet

%Hall, B. R. (2003). Poverty's Enduring Tradition in Rural North Carolina: How Do We Respond?(pp. 25-31, Rep.). Popular
Government.



increasing urbanization and generation from distributed resources, electric cooperatives must
strive to master integrating renewables into the grid without risking reliability. Adopting such a
strategy will meet an increasing customer demand for clean energy, as options like solar and
wind power grow increasingly prevalent throughout the energy system. There are also fewer
barriers to the adoption of renewable energy in today’s economy, as increased commercialization
and implementation has allowed them to become cost-competitive with more traditional fossil
fuel generation.*® A final motivation for electric cooperatives to increase their clean energy
service offerings is simply to address environmental concerns and prioritization. Customers have
begun to exhibit greater concerns for the environment and how they are obtaining their energy,
which means utilizing higher proportions of renewable energy, energy efficiency, and low-
carbon services will benefit the environment while simultaneously appealing to consumers. %
The key to accomplishing this transition will be finding a portfolio of options that maintain
affordability and reliability of the existing electrical system.

Our team views this analysis as a first step in identifying the services that are most
beneficial for North Carolina electric cooperatives and their members. Relying on interviews and
existing literature, our team identified the most important criteria for the success of electric
cooperatives and the services that are most likely to improve those measures. Having identified
reliability, affordability, and customer satisfaction as the most important measures of success,
our group highlights smart appliances and smart thermostats as the top tier service offerings to
improve those criteria.

Electric cooperatives and NCEMC should use our analysis to inform their resource
allocation as they explore expanding their service offerings. Further work in this area should
incorporate member surveys to gain insight on electric cooperative’s members concerns and
wishes. Moreover, future studies should focus on conducting detailed cost-benefit and reliability

analyses to understand how each service will impact grid reliability and electricity affordability.

%Taylor, M., Daniel, K., llas, A., & So, E. Y. (2015, January). Renewable Power Generation Costs in 2014(International
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We believe electric cooperatives should share their findings with each other to boost electric
cooperation and reduce the costs associated with studying these services. Given that electric
cooperatives do not compete with one another and share common goals, it would benefit all
electric cooperatives and their members to share resources and knowledge around service
offerings.

While this work will help inform rural electric cooperatives in North Carolina over the
short-term about which services are most likely to increase their grid reliability, electricity
affordability, and customer satisfaction, there are also long-term implications for incorporating
more services into their business model. Although it is difficult to predict exactly what the grid
of the future will look like, it is easy to imagine a grid that is significantly different from what we
see today. As the effects of climate change are realized over the next century, grids will need to
grow more resilient in the face of increasing frequency and severity of extreme weather events.
Additionally, transmission utilities may struggle as distributed resources, such as solar and
battery storage, become more prominent and reduce the purchase of electricity from electric
cooperatives. It is possible that we will see a future where an electric cooperative’s primary role
is not the transmission of electricity, but is instead to manage distributed resources owned by
their member. They will then need to be equipped to consult with their members on those
resources, and ensure the reliability of the system that connects all of these resources. By
focusing their attention on the services we have described in this paper, North Carolina’s rural

electric cooperatives can consequently make a role for themselves in an ever-changing world.
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APPENDIX I. Sample Interview Questions for Cooperatives
Part I- Current Business Model:

1.

What are your current responsibilities within ‘X Cooperative’ as its Chief

Operating Officer?

How long have you been with ‘X Cooperative’?

What are the cooperative’s major goals and objectives?

What metric do you use to determine the success for the year? Is it strictly
financial or do you use some sort of other measurement (i.e. customer

satisfaction)?

How does the wholesale rate from NCEMC influence the adoption of
renewable energy and energy efficiency practices? Do you think any
changes should be made?

Does the integration of renewable energy and energy efficiency practices impact your

primary/residential rate structure?

We saw that ‘X Cooperative’ offers community solar, on bill financing and broadband
(Roanoke Connect). What are the reasons and incentives to provide all of these

services?
We’d like to ask a bit more specifically about your on-bill financing program. How
have your customers tended to respond to the voluntary tariff of the Energy Efficiency

Conservation Loan Program (EECLP)? Would you consider it successful so far?

How do you address the financial risks associated with offering this program?



10. We would also like to discuss your Broadband program. How have your customers

tended to respond to your Broadband service? Would you consider it successful so far?

Part 11- New business model:

1. What services do you envision providing for your members over the next 5-10 years?

2. When considering new energy services, what factors do you consider and how do you

determine which programs to pursue?

3. What are some various barriers (i.e. policy, financial, customer engagement) to
carrying out these changes?



APPENDIX Il. Sample Interview Questions for Organizations
Part I- Current Business Model:

1.

10.

What is your current role and your responsibilities within ‘X Organization’?

How long have you been with ‘X Organization’?

What are your major goals and objectives?

Can you explain to us the internal structure of ‘X Organization’?

How does ‘X Organization’ use federal funding in providing energy

services (i.e. energy audit services)?

How much generation do you own and how much do you purchase? Who do you buy

from? What is your energy mix?

Could you elaborate on your relationship with the various cooperatives who hold

contracts with you?

What are the variables you use to determine your wholesale rate structure? How

frequently is this rate structure reviewed, and who is involved in the review process?

How do existing contracts influence the adoption of renewable energy, both by the

coops and by ‘X Organization’? What about energy efficiency practices?

Do you think any changes should be made to the rate structure to increase renewable

adoption?



11. What metric do you use to determine the success for the year? Is it strictly financial or

do you use some sort of other measurement (i.e. cooperative satisfaction)?

12. What is the impact of several electric cooperatives leaving ‘X Organization,” and from

your perspective, why did they leave?

Part 11- New business model:
1. How do you envision this industry changing in the next 5-10 years?

2. What services do you think will be most impactful moving forward? When considering
new energy services, what factors do you consider and how do you determine which

programs to pursue?

3. What are the added values and added benefits that you bring to your customers and

cooperatives? What are the “energy solutions” you are implementing?

4. Do you envision the incorporation of services changing your rate structure or ‘X

Organization’s’ success? If so, how?

5. What are some various barriers (i.e. policy, financial, customer engagement) to

carrying out these changes?

Part I11- Others:
1. Are you willing to share you wholesale rate structure documentation?
2. What data do you collect and metrics do you track, and would you be willing to share
any of that with us?
Is there any additional information that you think would be useful for us?
4. Which electric cooperatives do you think would be most beneficial for us to talk to?



APPENDIX I11. Number of times a service is mentioned in an Interview as a benefit to each
criteria

Services Number of Number of Interviews Where Criteria is Cited as a
Interviews Benefit
Affordability Reliability Customer
Satisfaction

Rooftop solar 5 0 0 2
Community 9 2 1 7
Solar

Smart 5 2 1 2
Appliances

Smart S) 1 2 2
Thermostat

Pay-as-you-go 6 4 0 4
Energy 9 1 6 2
Storage

Water Heater 7 0 2 5
Weatherizatio 10 7 1 8
n

On-bill 8 5 2 3
Financing

Rebate 3 2 0 1
Broadband 4 1 1 0

Microgrid 1 0 0 0



