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Abstract (250 words or less): Rural electric cooperatives (co-ops) find themselves in a unique
position regarding deploying virtual power plants. Co-ops, which are consumer-owned utilities,
have a vast history of deploying controllable demand-side management technologies that can fit
perfectly into a VPP framework, with almost a gigawatt of demand-side management capacity
across four generation and transmission cooperatives in Minnesota (G. Chan et al. 2019;
Matthew Grimley and Chan 2023). This more than forty-year-long experience deploying
controllable resources and their nonprofit, consumer-owned structure makes rural electric
cooperatives perfectly positioned to deploy virtual power plants. However, several challenges,
such as high upfront costs and uncertainties around market rules, hinder VPP deployment for
rural co-ops. Furthermore, the fact that most co-ops comprise a complex network of distribution
cooperatives that make up larger generation and transmission (G&T) cooperatives also
complicates how VPPs can be deployed by rural coops.
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List of Relevant Terms

Distributed Energy Resources (DERs): are small-scale electricity supply or demand resources
that are interconnected to the electric grid. They are power generation resources and are usually
located close to load centers, and can be used individually or in aggregate to provide value to the
grid.

Demand Response (DR): any program or technology that provides an opportunity for
consumers to play a significant role in the operation of the electric grid by reducing or shifting
their electricity usage during peak periods in response to time-based rates or other forms of
financial incentives.

Independent System Operator (ISO): Interchangeably used with regional transmission
operator (RTO), an ISO is an independent organization that handles electric grid operations,
market facilitation for certain electric markets, and bulk electric system planning

Virtual Power Plant (VPP): comprised of hundreds or thousands of households and businesses
that offer the latent potential of their thermostats, electric vehicles (EVs), appliances, batteries,
and solar arrays to support the grid.

Distributed Energy Resources Management System (DERMS): Interchangeably used with
the term “VPPs,” DERMS is a software platform that helps mostly distribution system operators
(DSO) manage their grids that are mainly based on distributed energy resources (DER).

Third-party DER Aggregator: are private firms that bundle DERs into a DERMS platform and
dispatch them in response to market signals.

Non-wire Alternatives (NWA): are electric utility system investments and operating practices
that can defer or replace the need for specific transmission and/or distribution projects, at lower
total resource cost, by reliably reducing transmission congestion or distribution system
constraints at times of maximum demand on the system.

Grid Edge Technologies (GETs): are any combination of technologies that advances the
transition toward a decentralized, distributed, and transactive electric grid.

Supervisory Control & Data Acquisition (SCADA) Systems: are used for controlling,
monitoring, and analyzing industrial devices and processes. The system consists of both software
and hardware components and enables remote and on-site gathering of data from the industrial
equipment.

Application Programming Interface (API): is a way for two or more computer programs or
components to communicate with each other.
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1 Introduction:

During the summer of 2022, climate-induced heat waves caused the demand for
electricity to operate air conditioners and cooling centers to skyrocket, causing rolling blackouts
throughout the United States (Rajamani 2022; Grove 2022; Lowe 2022). However, one utility in
Vermont, Green Mountain Power (GMP), avoided this crisis by dispatching 4000 residential
batteries, with almost 20 megawatts (MW) of aggregated capacity, to keep their customers’
lights on and lower their energy bills by avoiding $1.2 million in peak demand payments to the
New England Independent System Operator (ISO) (J. John 2015, 20; Rojo 2022; Spector 2022).

The grid architecture that allowed GMP to aggregate and control its fleet of batteries is
known as a virtual power plant (VPP). While their exact definition varies across the industry,
VPPs are conceptually comprised of hundreds or thousands of distributed energy resources
(DERs), which are decentralized and often behind-the-meter technologies — such as electric
water heaters, smart thermostats, electric vehicle (EV) chargers, solar plus storage systems, and
other demand response technologies — that are aggregated and controlled from one or more
centralized locations to achieve the same system-wide benefits of reliability, affordability, and
sustainability as a traditional, centralized power plant (Brehm et al. 2023; Hledik and Peters
2023; Speetles, Lockhart, and Warren 2023).

In recent years, federal policies like the Inflation Reduction Act (IRA) and the Bipartisan
Infrastructure Law (BIL) have led to significant investments into DERs, with the market for
DERs expected to double in the next five years (Hertz-Shargel 2023; Downing et al. 2023). The
boom in the market for DERs, along with regulatory pathways for DER aggregation, has created
an incredible opportunity for utilities and third-party providers to dispatch and control these

DERSs as virtual power plants.



While energy practitioners and policymakers in the U.S. have only recently started to consider
various market and policy levers needed to operationalize VPPs, they are a concept introduced
previously. Rural electric cooperatives (co-ops) have a multi-decade history of aggregating load
control technologies to meet system-wide economic and reliability goals. However, as indicated
in Figure 1.1, much of the discussion and investment related to VPPs have focused on private,
third-party aggregators and vertically integrated, investor-owned utilities.
/
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Figure 1.1: Primary Revenue Sources of North American VPPs across different Types of
Utilities. This figure shows the revenue share for North American VPP programs across different
utility types in the United States. Investor-owned utilities (IOUs) have the largest market share,
with nearly 60% of VPP revenue from investor-owned utilities. On the other hand, rural co-ops
have one of the lowest market shares after municipal utilities and retailers, with only 8% of the
VPP revenue share coming from rural electric cooperatives (co-ops). Adapted from Hertz-
Shargel & Noris (2023).

By focusing predominantly on private power providers, energy practitioners risk ignoring
the unique challenges that rural co-ops face when deploying VPP programs and how co-ops
could design innovative solutions by leveraging best practices and institutional knowledge

gained through their multi-decade experience deploying load control programs. My work in this



paper contributes to the literature by describing how other power providers, mainly rural electric
cooperatives, think about VPP programs.
1.1 VPP Operations and Benefits

Understanding the benefits and value streams of VPPs involves grasping their operations.
VPPs manage three main stages: DER aggregation and enrollment, grid orchestration & control,
and value creation (Downing et al. 2023; Brehm et al. 2023). In the aggregation stage,
stakeholders like DER installers and utilities enroll existing or incentivized DERs into the DER
aggregation platform as distributed energy resources management software (DERMS) to
optimize DER operations and forecast DER availability and value (Speetles, Lockhart, and
Warren 2023; Downing et al. 2023). While a DERMS platform is the critical software that
enables the aggregation and dispatch of DERs, I use the terms “virtual power plants” and
“DERMS” interchangeably throughout this paper because, operationally, they might mean the
same thing.

Grid orchestration involves establishing communication with DERs, maintaining grid
stability through advanced distribution management systems (ADMS), and utilizing advanced
metering infrastructure (AMI) for real-time data on DER performance and load consumption.
Operators integrate this data into their DERMS platform using supervisory control and data
acquisition (SCADA) systems to dispatch DERs based on grid and market signals (Gao et al.

2024).
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Figure 1.2: Description of VPP Operations. This figure shows the various stages of VPP
operations. Adapted from Gao et al. 2024; Brehm et al. 2023; & Downing et al. 2023.

In the final value creation stage, VPP operators realize VPP benefits through two primary
value streams: customer-side value, distribution-side value, and bulk power value' (Gao et al.
2024; Brehm et al. 2023; Saboori, Mohammadi, and Taghe 2011). Non-market-facing VPPs are
not connected to a wholesale power market and provide benefits internal to the utility system.
These include resource adequacy, deferral or avoidance of asset upgrades, reduced fuel use, and
CO; consumption. In market-facing VPPs, utilities, or third-party DER aggregators, DERs meet
economic and grid signals from a wholesale market operator (an ISO) or a bulk power provider
(Brehm et al. 2023; Gao et al. 2024). Benefits from both types of VPPs can be put into the
following two categories:

e Economic Development, Public Health, and Decarbonization: VPP operators can
boost economic development by cutting electricity bills through demand response
programs and wholesale market participation, possibly offering on-bill compensation to

customers (Speetles, Lockhart, and Warren 2023; Downing et al. 2023; Brunner and

! Within the literature, the three different value streams are reflected as market and non-market-facing VPPs or commercial VPPs
(cVPPs) and retail or technical VPPs (tVPP) (Brehm et al. 2023; Ramos and Neves Canha 2019; Gao et al. 2024)
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Ahlen 2024). Workforce development across the VPP value chain is anticipated, as seen
in the growth of clean energy jobs, which accounted for 84% of new jobs in electric
power generation in 2022, suggesting future investments in installation, operation &
maintenance, and market interactions (Keyser et al. 2023; Palmer, Gilland, and
Hernandez 2023). Successful VPP deployment can also reduce reliance on fossil fuels,
improving public health due to lower emissions (Power 2022).

e Grid Services: VPP projects offer grid services that translate into cost savings through
dynamic load control techniques. They ensure system-wide resource adequacy at lower
costs, maintain grid stability by providing frequency response and voltage regulation, and
enable utilities to defer distribution upgrades, manage peak demand, and overcome grid
constraints, enhancing system resiliency and avoiding peak demand charges (Lawrence

Berkely National Lab (LBNL) 2020; Hledik and Peters 2023; Padullaparti et al. 2023).

1.2 Research Objectives, Framework, and Thesis Statement
This paper will examine the governance structure and history of rural electric

cooperatives (co-ops) in the United States. I utilize literature-based desktop research and semi-
structured interviews of co-op staff members to describe various opportunities and barriers to co-
op-led VPP programs. As such, the central question to this study is: What kinds of programs,
processes, and policies are rural cooperative utilities thinking about utilizing distribution-side
resources, such as DERs, to meet system-wide goals of reliability, affordability, and
sustainability?

In the remainder of this paper, I provide a literature review of the history of rural co-ops and
their load control programs, along with best practices that emerged from co-ops’ decades-long
experience in managing demand response programs. Then, I briefly describe how, at the

fundamental level, the concept of a VPP might align with the cooperative business model and



guiding principles. Next, I review the methodology utilized in this study and provide an industry
landscape of various barriers and opportunities rural co-ops face in deploying VPP programs.
Finally, I discuss various considerations that might be critical to co-op led VPP programs. I
conclude this paper by discussing multiple limitations of my work and future research needs. I
hope that co-op staff members throughout the country will find this work helpful in
understanding various barriers, opportunities, and best practices co-ops can think through while

designing VPP programs.

2 Literature Review: Rural Electric Co-ops and Virtual Power Plants

Rural electric cooperatives (co-ops) are nonprofit, member-owned utilities that
predominantly serve rural communities in the U.S. While the cooperative business model dates to
mid-19" century England, rural co-ops only emerged at scale in the United States in the mid-1930s.
Despite early success in rural electrification, primarily guided by land-grant universities and
electric industry associations, much of rural America did not have access to electricity until the
mid-1930 because private investor-owned utilities, which at the time served electricity to 90% of
Americans, did not have enough of a profit motive to build electric service lines out to sparsely
populated rural communities (R. Hirsh 2018). In 1935, the Franklin D. Roosevelt administration
created the Rural Electrification Administration (later known as the Rural Utilities Service under
the US Department of Agriculture), which provided support to early cooperatives seeking to build
out electric service lines in rural communities. However, because these cooperatives could not
achieve economies of scale, Congress passed the Rural Electrification Act in 1936 to enable to
REA to provide low-cost financing, along with administrative and programmatic support, to
member-owned nonprofit utilities in rural communities throughout the U.S. (M. D. Grimley 2019;

Klass and Chan 2020).
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Unlike vertically integrated investor-owned utilities (IOUs), rural co-ops are operated
through a multi-level governance structure (shown in Figure 2.1) where distribution is overseen
by a board of directors elected by their member-consumers and strictly oversee the distribution
grid. Distribution cooperatives established Generation and Transmission (G&T) cooperatives to
leverage federal financing programs offered by the REA and benefit from economies of scale.
These G&T cooperatives are governed by a board of directors elected from the distribution co-

ops’ boards (Klass and Chan 2020).
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Figure 2.1: Multi-level Governance Structure of Rural Electric Cooperatives in the United
States (Source: Matthew Grimley and Chan (2023))

Today, of the three types of utilities in the U.S. — IOUs, municipal utilities, and rural
electric cooperatives, co-ops predominantly serve rural communities and cover over 55% of the
country’s landmass, overseeing nearly 40% (more than 2 million miles) of the U.S. distribution
system (Takemura 2022). Table 1 compares other characteristics of rural co-ops with different
types of utilities in the United States and gives a picture of the unique challenges faced by rural

CO-0ps.
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Utility Type Share of Share of Transmission Share of Distribution Number of customers
Customers Lines (by mile, 2015) Lines (by mile, 2015) per mile of distribution
(2022) line (2015)
14%

Rural Electric
Cooperatives
Investor-Owned
Utility
Government
(including
municipal, state, 10% 18% 10% 31.2
and federally
owned utilities)
Table 2.1: Comparison of Key Statistics across Different Utility Types in the United States. This table shows share
of customers served, share of transmission lines, share of distribution lines, and number of customers per mile of
distribution line across the three main utility types in the United States. IOUs have the greatest share of customers and
electric service lines, along with the highest customer to mile of distribution line ratio. On the other hand, rural co-ops
have the highest share of distribution lines and the lowest customer to mile of distribution line ratio. Adapted from Klass
& Chan (2020) and EIA 861 2015-2022.

76% 66% 54% 29.1

First, distribution co-ops need help raising capital because they have to spread expenditures
across service areas with much lower customer density than municipal utilities and IOUs. While
the G&T structure has allowed co-ops to make significant capital investments at scale, co-ops
continue to face new challenges and opportunities around vertical coordination and accountability
as they grow their DER portfolio and design new VPP programs (Klass and Chan 2020). While
different aspects of these challenges and opportunities are covered throughout this paper, I use the
rest of this section to provide a brief description of co-ops’ multi-decade history of deploying
demand response programs, highlighting emerging best practices and learned lessons that could
be foundational to successful deployment of co-op led VPP programs. I then conclude the chapter
by showing how, at a conceptual level, various aspects of VPPs might align or be at odds with the

cooperative business model and guiding principles.

2.1 History of Co-op Led Demand Response Programs
Rural co-ops have the most experience with demand response programs, which can include

anything from water heaters and commercial and industrial (C&I) equipment to today’s more
sophisticated technologies, like battery storage, than any other utility in the United States (Matthew

Grimley and Chan 2023). Conceptually, demand response (load management programs) provide
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similar benefits regardless of definition: reducing peak demand through utility or customer control.
Figure 2.2 shows the current penetration of demand response and energy efficiency across the

three main utility types in the United States.

Standardized Penetration of Demand Response
Programs by Utility Type

140
120

100

A o
= - =]

Actual Peak Savings per Customer
(kW/customer)
[\
S

Cooperative Investor Owned Municipal
Figure 2.2: Penetration of Demand Response by Utility Type. This figure shows the penetration
of demand response programs (shown in kilowatts of peak demand saved per customer) across the
three main utility types in the United States. To compare across utility types, actual peak savings
for each utility was standardized based on the total number of customers served by that utility.
(Source: EIA Form 861)

Figure 2.2 shows that, relatively speaking, rural electric cooperatives have the highest
penetration of demand response programs in the country. Additionally, historical analysis of co-
op-led demand response programs shows that co-ops have the most experience in deploying these
resources compared to any other utilities, having implemented some of the oldest and most
successful load management programs in the country (M. D. Grimley 2019). While these programs
became mainstream in the US in the mid-1970s, distribution co-ops pioneered load management
programs as early as the 1950s. Because G&T cooperatives priced their power supply based on
non-coincident peak demand (the demand for a single distribution co-op with a G&T system),

some distribution co-ops installed load management programs as early as the 1950s to shave off-

peak demand charges (M. D. Grimley 2019; Gellings 2017). These early systems were controllable
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water heaters relying on one-way radio frequency communication systems. While operators saw
long-term economic benefits of their demand response programs, there would be limited real-time
measurement and verification (M&V) data associated with demand response deployment (R. F.
Hirsh 1999; Gellings 2017).

As load management evolved, load management programs helped distribution co-ops lower
demand for their members and avoided peak demand charges (M. D. Grimley 2019). By the late
1970s, co-ops throughout the country adopted varying levels of load management programs, and
today, almost all rural co-ops throughout the country have some load management program in
place (National Rural Electric Cooperative Association 2024). The lessons that co-ops have
learned from this multi-decade experience in deploying demand response programs, from member
engagement strategies to innovative financing programs, set up a strong foundation for co-ops to
transition their distribution-side assets into a VPP.

First, co-ops pooled resources and coordinated with third-party actors, such as workforce
training organizations and state-wide industry associations, to reduce the upfront cost of load
management resources and to create a network of trusted contractors who would support the
installation of load management devices across their member-consumers. Co-ops also created new
enterprises to develop supply chains, share costs, and advocate for state and federal-level policies
on load management to build out the market for load management technologies in rural
communities (Matthew Grimley and Chan 2023). As further elaborated in Section 4, co-ops today
face similar challenges and are leaning upon similar best practices to lower costs and streamline
coordination and accountability in their VPP programs.

G&T co-ops also faced challenges around garnering member buy-in and trust. By building
collective agreement on various operational aspects of their demand response programs, such as
data sharing and control strategies, G&T co-ops were not only able to build trust and buy-in from

14



their members but, more importantly, they were able to educate their members on demand response
programs’ value propositions and collectively legitimized load management among their member
distribution co-ops. Finally, G&Ts also worked with their member co-ops to design new rate
structures and power supply contracts that embedded load management into the co-op’s decision-
making practices while offering members the flexibility to create and operate demand response
programs to meet their unique needs. For instance, after seeing the benefit of load management to
their member utilities, many G&Ts changed their power supply contracts from noncoincident peak
pricing to billing their members on coincident peak demand (Matthew Grimley and Chan 2023).
As elaborated in Sections 4.2 through 4.4, these practices to garner member buy-in and trust
through education campaigns and new rate structures would be invaluable in setting new policies,

standards, and practices around VPP operations and planning.

2.2 VPPs and the Cooperative Structure & Guiding Principles
As mentioned above, co-ops are member-owned utilities that can maintain a non-profit status

so long as 85% of their core business revenue comes from serving their member-owners (O’Neal
2019). Additionally, co-ops are governed through a multi-level governance strategy, described

above in Figure 2.1, that is founded upon the seven cooperative principles shown in Figure 2.3.
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VOLUNTARY DEMOCRATIC MEMBERS’ AUTONOMY EDUCATION, COOPERATION
AND OPEN MEMBER ECONOMIC AND TRAINING AND AMONG COMMNUNITY
MEMBERSHIP CONTROL PARTICIPATION | INDEPENDENCE | INFORMATION |J COOPERATIVES

CONCERN FOR

Figure 2.3: Seven Cooperative Guiding Principles. This figure shows the seven cooperative
guiding principles the International Cooperative Alliance developed. Source: (National Rural
Electric Cooperative Association 2016).

There are numerous ways that VPPs align with co-op business models, governance
structures, and guiding principles. By leveraging customer-sited DERs, VPPs allow electricity
consumers to become electricity prosumers who generate — and thereby receive equitable
compensation for — value to the entire system (van Summeren et al. 2020). Similarly, the member-
owned nonprofit structure will enable them to deliver the full benefits of their VPP program back
to their member-owners in the form of rates or upfront incentives. Additionally, because the
member-consumers ultimately own all equity in the co-op, co-ops can leverage a greater degree of
capital efficiency in projects that blend ownerships between consumers and utilities, creating
business opportunities to utilize customer-owned devices that complement utility-owned assets in
meeting system-wide goals (Klass and Chan 2020; G. Chan et al. 2019). There are numerous
examples of this across co-op-led VPP programs. For instance, Basin Electric Power Cooperative,
which is a G&T in North Dakota serving 131 co-ops across nine states, has recently launched a
new rate structure that enables each distribution co-op up to 150 kilowatts of battery storage for
each of their member consumers, with control over charging and discharging within their service

area, under certain conditions including output management and covering all associated delivery
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costs. In turn, the distribution co-ops share operational data with Basin, allowing the G&T to
control members’ batteries in response to the grid or market events (Cash 2023).

Additionally, VPPs conceptually align with the seven guiding principles governing rural
co-ops. First, as democratic, member-owned organizations, rural electric cooperatives make
decisions with the oversight of a board of directors elected by co-op members, and any decisions
on DERMS and VPP programs involve building and maintaining trust with member-owners as
well as ongoing engagement through educational and marketing programs. Co-ops also ensure that
excess capital is democratically controlled and equitably allocated across the co-op’s membership.
While some portion of excess revenue from DERs is given back to the member who owns the
asset, co-ops also allocate revenue for system-wide benefits like resource adequacy, building staff
capacity, economic development investments, and in cases of G&Ts, providing services like
financing and marketing to their distribution member utility (National Rural Electric Cooperative
Association 2016). Additionally, guided by their principle of “concern for community,” co-ops
can make investment decisions based on external factors rather than just the economic benefits of
VPPs, such as improved public health through lower air pollution, community development, and
reliable service.

However, in reality, co-ops might not make decisions that perfectly align with their guiding
principles. There has been a fair amount of research showing that co-ops suffer from institutional
inefficiencies like a lack of member representation at the board of directors level, lack of vertical
accountability, and low voter turnout (Matt Grimley 2016; Farrell 2016; Klass and Chan 2020).
As shown throughout Sections 4 and 5, these inefficiencies create structural barriers for co-op-led

VPP programs.
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3 Data & Methodology:

To assess the various barriers and opportunities co-ops face in designing and operating VPP
programs, I combined desktop-based literature research with a thematic analysis of semi-structured
interviews of co-op staff from various rural co-ops. This section outlines the factors influencing

the selection of rural cooperatives and their staff to interview.

3.1 Sample Selection

I interviewed 14 co-op staff members from 10 rural electric cooperatives (five G&T co-
ops and five distribution co-ops) across the United States. Co-op staff members participating in
my study essentially held positions that had complete oversight of co-op-led VPP and DER
programs; however, some staff members also covered roles like member services and planning.
Each interviewee’s name, position, and contact information was obtained either through publicly
available resources like LinkedIn or co-op websites or through personal contacts from myself or
my advisor.

I considered several factors when selecting which co-ops to include in this study. First, in
order to understand the different barriers and opportunities co-op-led VPP programs might face
across each level of the VPP value chain, I selected co-ops that were at varying levels of maturity
in their efforts to deploy DERs and VPPs. Information on co-ops’ VPP programs was found in
their individual integrated resource plans (IRP) and websites. Additionally, because regional
factors like the presence of deregulated wholesale markets and state-wide regulations impact co-
ops’ decision-making strategies, I made sure to select at least one co-op that interacted with an ISO
or RTO, at least one that operated within a regulated wholesale market, and at least one co-op from

one of seven states that rate regulate distribution co-ops?. In the end, out of the five G&T co-ops

2 The states that fully rate regulate G&T and distribution co-ops are Vermont, Maine, Maryland, Kentucky, Louisiana, Hawaii,
and Arizona. In some cases, states only rate regulate certain co-ops — e.g. Minnesota — or oversee co-ops through other regulatory
processes — e.g. renewable portfolio standards and decarbonization goals (Klass and Chan 2020; CFC 2008)
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and five distribution co-ops that participated in my study, two were fully rate-regulated by their
state public utility commissions, although only one came from one of the seven states that
comprehensively regulate co-ops; three co-ops came from states that were not in a deregulated
wholesale electricity market; two co-ops that were within the Midcontinental Independent System
Operator (MISO) wholesale market, and one co-op that was within the PJM wholesale market.
Table 3.1 provides a complete list of interviewees, their positions within their respective member

co-ops, and additional characteristics representative of their cooperative utility.
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Presence in

i tat
Deregulated Presence in a State

Interviewee Co-op

Interviewee’s Seniority

Designation Characteristics and Role Wholesale that Rate Regulates
Co-ops
Markets
Interviewee 01 Distribution Manager, DER & DERMS
. YES YES
Co-op Operations
Interviewee 02 Distribution Manager, DER & DERMS
. NO NO
Co-op Operations
Intervi 03 Distributi . .
mierviewee ISHIDUHON Chief Executive Officer YES YES
Co-op
Interviewee 04 Vice President, Regulatory
Distribution Services VES NO®
Interviewee 05 Co-op Vice President, Utility
Operations & Engineering
Interviewee 06 Distributi M P Supply &
istribution anager, Power Supply VES NO
Co-op Operations
Interviewee 07 Manager, Member Services
Interviewee 08 Manager, Planning &
G&T Co-op Operations YES NO
Interviewee 09 Manager, DER & DERMS
Operations
Interviewee 10 M DER & DERMS
frerview G&T Co-op T R YES NO
Operations
Interviewee 11 M , DER & DERMS
v G&T Co-op anagen, RS NO NO
Operations
Interviewee 12 Chief Executive Officer
Interviewee 13 G&T Co-op Manager, DER & DERMS NO NO
Operations
Interviewee 14 M DER & DERMS
perview G&T Co-op | 1 &m =" YES* NO
Operations

Table 3.1: Unique Characteristics of Each Interviewee and their respective Co-ops. For each co-op staff
member interviewed in this study, this table shows their positions and seniority, and different characteristics of their
host co-ops, such as whether the co-op is a distribution or G&T co-op, whether it is in a deregulated wholesale
market, or whether they are in state that rate regulates co-ops.

3.2 Interview Methodology
The primary data for this study was gathered through semi-structured interviews of 14

different co-op staff members from five different G&T co-ops and five distribution co-ops..

Building off the main research question and themes from the literature review, my interview
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questions were divided into the following sections: existing programs, challenges associated with
deploying DER and DERMS programs, planning, wholesale market integration, and rates & other
incentives. This structure allowed me to evaluate how legacy DER programs can impact co-op-led
VPP deployment. It helped me identify the new processes and programs co-ops need to consider
for operationalizing VPPs.

The first section on existing programs aimed to gather information on various co-op-led
DERMS and DER programs, including legacy demand response initiatives. It also explored best
practices and valuable partnerships that co-ops have developed through their extensive experience
implementing these programs. Through these initial questions, I assessed how co-ops perceive the
different value streams and benefits they can derive from their VPP programs. The next set of
questions on challenges sought to determine operational, organizational, and systems-level barriers
(regulatory, market, etc.). The following two sets of questions focus on how co-ops incorporate
distribution-side resources into long-term utility planning and the integration with wholesale
markets. They cover current and future processes, stakeholder involvement, and the resources
necessary for effective planning. They also explore how co-ops can leverage VPPs to gain value
from regulated and deregulated wholesale markets. The final two sections address the capacities
co-ops build for deploying VPPs, including staff, hardware, and software. They also focus on the
rate and incentive structures co-ops implement to deliver VPP benefits to their member-consumers.
The complete list of questions and the interview protocol are provided in Appendix A.

Each interview lasted 60 to 80 minutes. I transcribed and scrubbed each interview recording
using REV's Al-supported transcription software and subsequently scrubbed these transcriptions

manually to ensure legibility and accuracy.
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3.3 Coding and Analysis
I used inductive and deductive coding to analyze my interview transcripts. Using the

structure presented within Downing et al.'s (2023) VPP Liftoff Report, I deductively identified
various barriers and solutions to VPP deployment. I grouped them according to the following
categories: installation & enrollment, VPP operations, valuation, and planning. The complete list
of codes and their definitions is provided in Appendix B.

Within each category, I included specific barriers and solutions identified from the literature
(e.g., upfront cost, data sharing & visibility, etc.). Additionally, I refined these codes by including

nmn

new themes that emerged from my interviews. For example, codes such as "inertia," "nascency,"
and "co-op principles" were generated inductively throughout the coding process. This approach
allowed me to base my codes on literature-identified VPP barriers and solutions while utilizing the
grounded theory approach to coding. This coding strategy, particularly the overarching code

categories, provides a framework for presenting my findings in Section 4

4 Results: Barriers & Solutions to VPP Deployment for Rural Co-ops

Although VPPs create several benefits in the form of economic and grid services, for rural
co-ops and their member-consumers, co-ops, and rural communities face numerous challenges that
make participating in a VPP more challenging. Across the literature and co-op staff interviews,
challenges associated with VPP deployment and their specific solutions were organized across the
four categories of VPP deployment: installation & enrollment, operations & management,

valuation & rates, and planning (Downing et al. 2023; Speetles, Lockhart, and Warren 2023).

4.1 Installation and Enrollment
To effectively implement virtual power plants (VPPs) on a large scale and reap significant

benefits for consumers and the grid, a comprehensive and robust network of VPP-compatible
DERs is essential. However, the adoption of DERs faces substantial challenges, including

financing availability, workforce shortages, and limited consumer awareness, which have impeded
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widespread adoption nationwide. The national deployment rates for VPP-compatible DERs, such
as rooftop solar and smart thermostats, remain low, not surpassing 4% and 20%, respectively
(Downing et al. 2023). With a substantial increase in DER deployment, the potential benefits of
VPPs for communities will remain unrestricted.

Federal policymakers have made significant investments in response to these obstacles by
providing expanded tax credits and upfront incentives for various DERs (Tankersley, 2023).
Additionally, utilities, regulators, and stakeholders are increasingly adopting market
transformation models focused on removing barriers and leveraging opportunities to accelerate the
adoption of innovative energy efficiency practices, aiming for lasting market behavior changes.
Market transformation involves strategic interventions to align energy efficiency innovations with
market demands, enabling these innovations to become widespread industry standards (Bloom,
2001). These programs typically span 5-10 years and often require substantial initial investments,
which has led to mixed acceptance across the industry. However, there are numerous examples
where market transformation has successfully led to industry standards, such as high-efficiency
clothes washers and LED residential lighting (York, Nadel, & Subramanian, 2022). Currently,
DER technology is still in the nascent stages of market transformation.

To understand how market transformation can be applied to DERs within co-ops, it's
essential to delve deeper into its concepts and practices. Market transformation requires a
coordinated effort involving policy support, financial incentives, stakeholder engagement, and
consumer education to shift market dynamics in favor of energy-efficient technologies. By creating
demand and encouraging widespread adoption, these interventions can reduce costs over time and
establish new market norms. The following section outlines significant barriers that hinder the
broader market adoption of DERs and discusses potential strategies that cooperatives can employ
to use market transformation practices. These strategies can expedite the deployment of DERs
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among their members by leveraging existing frameworks, engaging stakeholders, and aligning
with federal and state incentives. By adopting these practices, co-ops can overcome initial
resistance, reduce financial risks, and create a more sustainable and resilient energy future for their

communities., as summarized in Table 4.1 below.
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Installation & Barriers Opportunities
Enrollment

Upfront Capital

o High Upfront Cost makes it difficult for
member consumers to install DERs at scale.

o High energy burden & energy limiting behavior
among member consumers highlight the overall
scarcity of capital in rural communities.

o Lack of financing options in rural communities
makes it difficult for member consumers to
overcome the upfront cost barrier.

o Lack of flexible capital, particularly among
lower income households, creates benefit flows
that might inequitably help higher income
member consumers.

o Upfront Incentives: Provide upfront subsidies for
DER acquisition

o Access to public & private financing: Co-ops

should connect members to public and private

financing options, including utility-led on-bill

financing programs.

Ownership Models allow utilities and their

member consumers to share ownership of assets

that complement utility-owned assets in system-

wide value generation

¢ Innovative and equitable rate structures allow
lower income member consumers to take
advantage of VPP services

Workforce
Capacity

o Shortage of skilled workforce hinder the
equitable and speedy installation of DERs.

¢ Limited capacity among existing workforce
could lead to extended DER installation
timelines.

e Varying levels of workforce availability across
the co-op service territory create disparities
within one co-op along the lines of DER
penetration & workforce availability

¢ Engaging third-party actors: Building out
relationships with unions, trade organizations, and
non-profits to connect members with relevant
contractors and vocation training opportunities

¢ Creating practices and policies around sharing

skilled workers across a G&T system

State & Local Government Engagement: Work

with local government to adopt building codes

more favorable to DER strategies

Consumer &
Operator
Awareness

o Lack of member awareness: creates
opportunities for misinformation across
member consumers.

o Lack of installer or contractor awareness:
creates opportunities for poor installation
quality, leading to extended project timelines
and costs.

o Lack of capital to conduct marketing &
education campaigns: this is particularly true
for distribution co-ops who may need to rely on
external organization to market their DERMS
programs.

e Concerns about Third-party Aggregators and
DER Installer: creates situations where third-
party VPP operations might negatively impact
system-wide grid conditions

e Marketing and education campaigns: allow

rural co-ops to

e Cooperation between G&T and distribution co-

op:

e Standards on workforce & installation quality:

internal or industry-wide standards on
workforce can ensure proper installation quality

e Creating partnership structures with third-party

DER installers and aggregators: allows co-ops
to recognize any value streams that third-party
aggregators might provide to their members and
to create avenues through which co-ops and
third party aggregators can partner — rather than
compete — to provide VPP service to the co-op
membership.

Table 4.1: Summary of Barriers and Solutions for VPP installation & enrollment. This table summarizes various barriers
and solutions to VPP installation & enrollment as they are discussed in Sections 4.1.1 to 4.1.3. Source: Interviews of Co-op

Staff; Downing et al. (2023); and Speetles, Lockhart, & Warren (2023).

4.1.1 DER Penetration & Upfront Capital

Barriers:

Although the procurement costs of VPPs for utilities are up to 30% lower than those for

gas peaker plants and utility-scale battery operations, the initial costs for consumers to purchase
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and install VPP-related hardware—Ilike rooftop solar panels, battery storage systems, controllable
water heaters, heat pumps, and communication and control technologies—are substantial (Hledik
and Peters 2023; Speetles, Lockhart, and Warren 2023). For instance, replacing a traditional gas
water heater with an electric model ranges from $1,000 to $1,700 (“Electric Hot Water Heater
Cost Per Month and Year,” n.d.). This high upfront investment is a significant barrier to the
widespread adoption of DER, as each household and business must bear these expenses
individually, and this sentiment is reflected in the following quote from a G&T co-op staff
member,

"We're enthusiastic about the potential of distributed energy resources (DERs)

for our co-op, but the upfront costs are a significant concern. Balancing the

initial investment with the long-term benefits and savings is challenging,

especially given our limited budget and the need to ensure reliable service for
our members" (Interviewee 07).

Without accessible and affordable financing options, these costs can severely limit the national
penetration of DERs. Recognizing this, one distribution co-op staff member noted the importance
of providing flexible financing options and utilizing federal funding opportunities to bring down
the upfront cost of DERs:

"The structure of how that's finance is changing a little bit with some of the IRA

funding, but my understanding is the member right now has an option to pay

for the battery themselves and then take the tax credits, or we can draw on some
federal funding as well to finance the system upfront" (Interviewee 02).

The disparities in adoption rates are even more marked among rural households, which typically
face more considerable median energy burdens, lower incomes, and lower credit scores than urban
households (Ross, Drehobl, and Stickles 2018; Guzman et al. 2018; Kirkham 2019). Additionally,
many of the co-ops’ member-consumers from low-to-moderate-income households might already
face high energy burdens. They might also adopt unsafe heating and cooling practices to save
money on their electricity bills, showing what Cong et al. call “energy limiting behavior.” This

differs from energy efficiency measures, instead referring to a form of energy poverty where
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households can't keep their homes at comfortable temperatures due to severe financial limitations
(Cong et al. 2022). On the issue of high energy burden and energy-limiting behavior, several co-
op staff members stressed that a significant portion of their member-consumers were low-to-
middle income and mentioned that specific pricing structures that attempt to modify consumer
behavior (e.g., time of use rates) might be too cumbersome for their customers to participate in.

"We have a significant portion of our membership who struggle to make their

ends meet, and we don't want to add any added burden on them. Many of our

members also want their services to work when they need them to and don't

want to worry about turning off their lights or their water heaters during certain

times of the month. This is where many of our members might want the co-op

to control their resources, and in return, we might pay them a monthly

incentive for allowing us to control their assets" (Interviewee 01).

The decline of financing services in rural areas further complicates access to traditional
financing, pushing potential borrowers towards higher-cost non-bank financing options (Sebastian
2022). Cooperatives, which serve over two-thirds of the nation’s Persistent Poverty Counties,
encounter significant challenges in promoting widespread DER adoption due to the high

prevalence of customers without access to necessary capital and financing (Jackson 2019). This

issue underscores the difficulties in achieving equitable participation in VPPs.

Opportunities:

Co-ops recognize that addressing the high upfront cost of DERs poses a significant barrier
to DER deployment across their membership base. Co-ops nationwide are taking advantage of
recent federal investments, like tax credits for heat pumps provided by the Inflation Reduction Act
(IRA), to provide upfront incentives to their member-consumers for DER adoption. All
interviewees mentioned having some incentive for DER acquisition, delivered through rate
structures, financing options, or upfront subsidies. For example, co-op staff members from four
different distribution co-ops and three different G&T co-ops mentioned that they are utilizing
incentives from the IRA, along with other federal and state funds, to provide battery storage

systems, electric vehicle chargers, and smart thermostats to their member-consumers (Interviewee
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01,02, 07, & 10). Additionally, three of the same interviewees mentioned that their co-ops provide
an additional incentive in the form of capacity payments to their member-consumers who allow
the utility to control and dispatch their battery systems for a certain number of times during the
month (Interviewees 01, 02, & 10). Along these lines, one interviewee recognized that their
member-consumers might want for their DERs to be controlled only some of the time and
emphasized the need to offer their member-consumers flexibility in how often and when the utility
calls upon their resources. This interview stated they are building this flexibility by creating
mechanisms that “compensate members on their DER performance rather than solely on
availability during certain times of the month” (Interviewee 10). Other co-op staff members
mentioned utilizing DERs to create innovative incentives geared toward low-income member
consumers and other historically underinvested communities. For instance, one distribution co-op
staff member mentioned using revenue from a community solar system located within a Native
American reservation served by the co-op. This revenue provides direct bill credits to members
living on the reservation, and any excess is used to reduce bills for low-income members.

"For example, our | MW solar array [located within a Native American

reservation] that's dedicated to our community solar project is virtual.

Everybody that gets benefit from that system, it, it's an on-bill credit. We

benefit the Indian tribe whose reservation it's located on, they get a direct bill

credit. Then the balance is spread out around about 200 income qualified

members that see about a $25 a month bill reduction, no strings attached"
(Interviewee 03).

These kinds of compensation and rate structures that reward members based on capacity payments,
DER performance, and income qualification enable LMI member-consumers to participate in VPP
programs without worrying about energy-limiting behavior (Speetles, Lockhart, and Warren
2023).

To overcome the access to financing barriers, policymakers and practitioners can connect

co-ops’ member-consumers to public financing options, like green banks. Member consumers can
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seek financing through private-public partnership institutions like green banks, which offer low-
or no-cost financing options for controllable DERs like controllable water heaters and heat pumps
(Connecticut Green Bank 2022). Co-ops can also create internal financing options for their
member-consumers by utilizing support from federal investment programs like the Rural
Economic Development Loan & Grant Program, the Efficiency and Conservation Loan Program
(EECLP), and the Rural Energy Savings Program (RESP), which offers loans to rural electric
service providers for up to 20 years at a 0% interest rate and caps interest rates for lending to end-
users at 5% (Rural Energy Savings Program 2020). For example, the Roanoke Electric
Cooperative uses incentives from the Rural Energy Savings Program to fund home efficiency
improvements, including weatherization and smart thermostats, with more than 10% of its
consumer base enrolled in its on-bill energy efficiency program. Participants typically apply 75%
of their energy savings towards on-bill tariff repayment, retaining 25% (Ross, Drehobl, and
Stickles 2018; “Inclusive Utility Investments: Tariffed On-Bill Programs” 2023). Such programs
were used throughout the interviews as co-op staff members mentioned deploying creative
financing and ownership models to increase DER adoption across their membership base For
instance, one interviewee from a G&T co-op mentioned that they take advantage of federal
investments through the Rural Energy Savings Program to provide on-bill financing options to
member co-ops and their member-consumers to install energy efficiency upgrades to their homes,
with the possibility of extending these financing options to DERs.

"Many years ago, one of our member co-ops created a pay-as-you-save

program that allowed member consumers to finance costly weatherization

and energy efficiency upgrades. We are not there yet, but we are trying to

figure out whether we can use a similar process to finance things like heat
pumps and controllable water heaters" (Interviewee 14).

Another staff member from a distribution co-op mentioned that they had created a lease-to-own

model for their fleet of behind-the-meter batteries; under this model, the co-op would own and
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lease battery storage systems to their member consumers at no upfront cost, and in turn, the
member consumer would allow the utility to control this fleet of battery resources for specific
times during the month.

"For our battery program, [the co-op] owns the battery for the first 10 years

that it's in the member's home. Then after that, it's basically a lease to own

model where the member is giving us control each month for 10 times a

month, and then over the 10-year period, they're basically buying the battery

in return for that. In the meantime, we control the battery 10 times a month

and return any revenue generated through capacity payments to our member
consumers in the form of bill credits or other incentives" (Interviewee 03).

Finally, cooperatives can leverage their community relationships to design financing
structures and eligibility criteria that better meet their members' needs. Many have revised on-bill
financing qualification standards to accommodate members with lower credit scores, opting
instead to assess based on payment history (Vanvig 2016). These relationships can also enhance
consumer education efforts, focusing on raising awareness about the availability and benefits of
DER financing and combining cooperative-sponsored programs with public incentives to

maximize capital support for their members.

4.1.2 Local Workforce Capacity
Barriers:

A shortage of skilled workers is a barrier to DER deployment throughout the country; with
most US single-family homes requiring updates to their electrical infrastructure to accommodate
the integration of electrified appliances and other DERs, an abundant and specialized workforce is
required to facilitate the installation and operation of DERs and DER-compatible grid
infrastructure (Calisch and Wyent 2020). However, half of all contractors across different trades
report difficulties in filling open positions, and wait times for electrical home upgrades can be as

long as eight months if contractors are even willing to accept the work (Pontecorvo 2023). With

demand for jobs in the energy sector expected to dramatically expand in order to meet ambitious
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US climate goals, robust and rapid workforce development is required to meet growing consumer
demand (Griffith and Calisch 2020).

The workforce shortage is particularly acute in rural communities as the density of DER
installers and electricians is concentrated in urban areas (Bureau of Labor Statistics 2022). This
trend holds true for a wide range of other professions necessary for accessing the full DER value
chain, such as energy auditors whose shortage has resulted in wait times for energy audits often
required to access device rebates of over a year in many parts of rural Canada (Lamberink 2022).
This rural shortage stems, in part, from the lack of local and accessible educational opportunities
and lower customer density, resulting in a less profitable business model (Gadzanku, Kramer, and
Smith 2023).

Because co-ops predominantly serve rural communities throughout the U.S., scarcity of
skilled workers can significantly hinder progress on DER penetration and VPP deployment across
the co-op’s membership base. This was also reflected within the interviews as several co-op staff
members cited workforce shortages preventing rapid deployment of DERs, causing significant
delays in project timelines. One staff member from a distribution co-op said,

“I don't know what our latest backlog for the [battery] program is, but it's

quite long and it's hard to get enough trained folks on the ground that can
put these systems in members' homes.” (Interviewee 02)

Another staff member from a G&T co-op mentioned that existing DER and HVAC installers were
already at capacity and could not take more work due to a scarcity of trained workers, supply chain
shortages, and high demand for DERs.

“But at this point, contractors are... overworked... have so much to do,
[and] supply chain [shortage] is a huge issue.” (Interviewee 08)

Furthermore, these shortages extend to the internal workforce of co-ops as well, with co-ops across
the nation having difficulty recruiting and retaining linemen, engineering staff, and other skilled

workers, in part due to the increasing complexity of the grid, rising housing costs in co-op
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territories, and broader rural out-migration. With 19% of co-op workers becoming retirement
eligible in the next five years, compared to 9% for the energy industry as a whole, co-ops find
themselves in a particularly severe labor crunch, potentially limiting their long-term capacity for
incorporating DERs into their networks (Rocha 2023). Additionally, distribution co-ops have
varying degrees of capacity constraints and workforce challenges, creating coordination challenges
even across the same G&T system, as reflected by the following quote from a G&T staff member.

“We had one distribution cooperative whose guy running the program was

an ex-HVAC guy, so he was going out and installing thermostats. They got

like 300 devices signed up. So all the other member co-ops wanted to hand

out thermostats as well but [didn’t] have an staff with HVAC installation

experience. That really affected the quality of some of the installations.”

(Interviewee 10).

Finally, co-ops are increasingly struggling with installation challenges due to a lack of local
workforce availability in the housing construction industry, as national homebuilders dominate
new construction projects. Historically, co-ops have successfully partnered with local builders to
coordinate energy efficiency initiatives, like the shift to more efficient air conditioning units during
the 1990s. However, coordinating local DER installations with national homebuilders, who often
adopt a uniform approach to development, has become problematic. With the top 100 largest
domestic home builders now constructing about 50% of all new single-family homes in the U.S.—

a significant increase from about 33% two decades ago—the capacity of co-ops to collaborate with

local builders on DER strategies is diminishing (Ahluwalia, Baker, and Colton 2022).

Opportunities
Co-ops have several opportunities to solve workforce shortage barriers within their service

territories. For instance, utilities throughout the country are partnering with local contractors, trade
associations, and unions and create trusted networks of qualified contractors who can provide
installation services to the co-ops members (Downing et al. 2023). These partnerships can be
leveraged to expand awareness and accessibility of DER-related training, the lack of which has
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frequently been cited as a major barrier for those pursuing opportunities for specialized training
and education (Hawkins et al. 2014). Several partnerships working to this extent already exist,
such as the National Utility Industry Training Fund, a partnership between numerous national
utilities and the International Brotherhood of Electrical Workers to establish targeted training
programs for high need skill sets (NTUF 2022). Partnerships can additionally be established with
nonprofits aiming to connect underrepresented groups with opportunities in the industry, such as
the Construction Trades Workforce Initiative (Pontecorvo 2023). With the demographics of
electricians being 87% white and 97% male, expanding outreach initiatives to underrepresented
groups can help to increase the breadth of the pool of recruitment for high-demand skilled labor
jobs (Bureau of Labor Statistics 2022).

In addressing the challenges of establishing a comprehensive local workforce, co-ops can
build on their community relationships to pair members in need of DER services with local
contractors, ensuring demand for local labor capacity. This could be as simple as maintaining a
centralized catalog of local contractors for members to use as a reference point or partnering with
local organizations, such as unions and trade associations, to create a trusted network of
contractors, as mentioned by one staff member from a distribution co-op.

“We've developed some good relationships with a couple of specialty

contractors, electricians, plumbers, HVAC contractor in particular.”
(Interviewee 03)

Another staff member from one G&T co-op said that their co-op is building out a list of contractors
who would not only provide quality installations to the member-consumers but also educate them

on various co-op incentives for DERs and VPP programs.

“We [are] starting to talk to HVAC installers and say, Hey, every time you
sell somebody a thermostat, how about you tell 'em that they can get $75
back from that thermostat by signing up for our program and $50 a year
and it'll start making them money.” (Interviewee 10)
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Co-ops can further build upon these relationships to connect people with accessible
apprenticeship opportunities and identify unique barriers that may stand in the way of completing
such programs (Downing et al. 2023). Co-ops can partner with training centers that may offer
accessible opportunities, such as distance learning options, and work to connect local contractors
with relevant opportunities. For instance, the same co-op staff member who mentioned limited
capacity among existing contractors as a workforce barrier to DER deployment also mentioned
that their member services department is working with several statewide organizations to
understand where IRA incentives are flowing within the G&T service territories and the G&T is
planning to utilize this data to inform which areas within its service territories might have the

greatest workforce needs and opportunities.

“We don't quite know the timeline yet, but a role that members have asked
me to help play is contractors don't fit neatly into member service
territories. And so there's a need to coordinate with either the state to
understand how those tax credits and rebates are going to be eventually
actually dispersed.” (Interviewee 08)

Co-ops can extend these partnerships to vocational training organizations or establish
internal apprenticeship programs to help recruit workers into the industry. Aside from education,
co-ops can lean on “Cooperation among Cooperatives” principles to share contractors between co-
ops, establishing a sort of mobile cadre of DER professionals similar to those utilized for
weatherization programs in rural Alaska, Texas, and Utah (Ross, Drehobl, and Stickles 2018).

In aiding coordination with new home developments, co-ops can work with local
governments to adopt and revise building codes that are more favorable to DER integration,
limiting the capacity of national home builders to neglect local DER strategies. An example of this
can be found in the New York State Energy Research and Development Authority’s NY Stretch
Energy code, which is available for local governments to adopt voluntarily. The code includes

specific provisions for required DER capabilities, such as stipulations requiring buildings to be
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constructed with automated demand response capabilities (“NYStretch Energy Code - 2020~

2019).

4.1.3 Lack of Customer or Operator Awareness
Barriers

Limited awareness of VPP programs, along with their benefits, among member-consumers can
not only cause consumers not to take advantage of bill savings and other VPP benefits but also
might cause misinformation about co-ops’ VPP programs, leading to higher member engagement
expenses such as marketing or education efforts (Downing et al. 2023). VPPs have struggled to
penetrate the public consciousness, with surveys finding that as many as 92% of consumers were
either unaware of VPPs or were aware of them but with no other knowledge (Newton et al. 2022).
In the co-op space, a 2023 national survey of co-ops found that six out of fourteen co-ops with
sponsored VPP programs reported less than 1,000 participants, with three reporting less than 100.
Additionally, despite relatively high adoption rates of particular DERSs in rural areas compared to
the national average, such as high rates of heat pump deployment, the survey found that coops still
frequently struggled with “limited [consumer] familiarity with DERs” and “lack of [consumer]
awareness of utility DER programs” in their efforts to increase penetration of VPP-compatible
DERSs (Omotoso and MacAvoy 2023; Min and Mayfield 2023).

As a staff member from one of the distribution co-ops pointed out, there could be several
reasons behind the lack of awareness of VPPs and their benefits among a co-op’s member-
consumers. For example, consumers may not interact frequently with their co-ops because they
offer reliable and affordable services.

“If your SAIDI numbers are good, your members don't know you... So it's
really challenging. If you want to keep your quality of service high, you have

to be willing to expect that there's going to be a lot of unintentional ignorance
of your programs out in the wild” (Interviewee 03)

Another reason could be existing mistrust between rural co-ops and certain consumers

within their membership. As noted above in Section 2, co-ops suffer from a lack of representation
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within their leadership, and this creates opportunities for certain member-consumers, particularly
those from historically underinvested communities, to mistrust their local co-ops. Additionally,
predatory practices by investor-owned utilities, including excessive energy costs and frequent
utility disconnections, have fostered significant mistrust, particularly in numerous communities of
color (Walton 2022). This is emphasized by the following quote from two distribution co-op staff
members:

“We have a Native American community on our lines and they're one of

our largest members, but I think it's been energized now, but they just put

in a four and a half megawatt solar facility. Negotiating the PPA with

them was difficult at times because one of their attorneys is used to

negotiating with IOUs. And it took a lot of back and forth before there
was an understanding.” (Interviewees 05)

Another challenge contributing to a lack of consumer and contractor awareness is the high cost of
marketing and educational campaigns. Distribution co-ops, in particular, often lack the capacity
and the capital to launch in-house marketing programs associated with their VPP platform
(Omotoso and MacAvoy 2023). Additionally, third-party DER installers and contractors can lack
prior experience in working with co-ops and, as a result, might lack awareness of co-op-led VPP
programs and their unique needs. This might create challenges around poor installation quality,
leading to future repair costs and lengthened project timelines. For instance, a staff member from
a distribution co-op noted that the co-op had to allocate additional funds for repair and maintenance
due to improper installation of certain battery systems, stemming from a lack of awareness among
DER installers.

"DER installers have an incentive to overbuild and may not be concerned

about how that might affect the system as a whole. We have to worry

about how new projects affect other members as well. We had a solar

installer that sized the system too big and caused us to later spend money

upgrading our transformers to accommodate for the larger system size"
(Interviewee 04).
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Finally, a lack of contractor awareness of co-op-led VPP programs and limited experience
working with co-ops can also create distrust between co-ops and third-party DER aggregators and
installers. For instance, one distribution co-op staff member mentioned that third-party aggregators
could try to “poach C&I (commercial and industrial) customers away from the co-op,” possibly
leading to concerns around shifting costs onto non-C&I members (Interviewee 04). Additionally,
limited engagement between third-party aggregators and co-ops can significantly impact the grid.
The same co-op staff member pointed out that, without proper visibility into the co-op’s grid
conditions, third-party aggregators can make dispatch decisions that overload certain portions of

the distribution system, leading to outages for the rest of their members (Interviewee 04).

Opportunities:

Collaboration and outreach efforts are essential to improving consumer, operator, and
installer awareness. Several broader, national efforts to increase the public salience of VPPs have
already been established, such as the Rocky Mountain Institute's VP3 initiative, and can be used
as roadmaps for budding collaborative initiatives and opportunities to reach a greater diversity of
audiences (Beitman 2023). Internally, co-ops can also pool resources to launch marketing and
educational campaigns. For instance, even though distribution co-ops may have limited capacity,
they can rely on their G&T co-op, which has access to significantly more capital, to create
marketing and educational campaigns around their VPP programs, as one G&T staff member
mentions.

"Our member co-ops are extremely diverse. Some have the capacity to run

their own demand response programs and don't need us for anything. Other

members are not so advanced. Those obviously will have challenges if they

want to run [demand response] at a minimum. The marketing component

they don't have so we can try to support that at the [G&T] level"
(Interviewee 11).

37



Longer-term VPP contracts can also be considered to amortize the cost of education and
marketing over a longer period of enrollment and provide greater revenue certainty (Downing et
al. 2023). However, consumers are unlikely to respond favorably to longer-term contracts without
further efforts to increase trust in aggregators, with 17% of consumers indicating that a lock-in
contract would reduce their trust in an aggregator. In pursuit of this trust, aggregators can focus
outreach and educational efforts on topics consumers consider most important to establishing a
trusting relationship, including consumer control, transparency, and consumer safeguards (Newton
et al. 2022). For instance, co-ops can coordinate internally and create workforce and installation
standards in order to protect customers against faulty installations. Co-ops can also improve
consumer and operator awareness of and trust in VPPs by capitalizing on streamlined relationships
and reputation within the community. Factors such as presence in the local community, brand
reputation, and interactions with brand representatives have been identified as key drivers in
establishing consumer trust in VPPs (J. J. John et al. 2023). This is particularly true for establishing
trust in third-party VPP aggregators and DER installers. While several interviewees were
concerned with the possibility of competition with third-party DER aggregators for C&lI
customers, many saw the value of third-party aggregators in delivering additional VPP benefits
and engaging difficult-to-reach member-consumers and wanted to create internal programs and
processes for forming partnerships rather than competition, with third-party entitles.

“In the frequency regulation, the capacity market, we could see aggregators

coming in, creating programs of value participating. I would argue that some

of these aggregators might be savvier at building customer building and

maintaining member relationships than the utility might be. [On the other

hand], it could be detrimental to the electric grid if third-party aggregators

dispatch all their batteries at once... They lack visibility into potential system

overloads, which could lead to catastrophic outcomes [including] significant

costs, grid issues, and reliability concerns. But because these third-party

entities might bring much value to the table, I definitely see the need more
partnerships.” (Interviewee 02)
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Ultimately, co-ops can utilize several avenues to create consumer and operator awareness of
VPP programs, from sharing resources to creating marketing campaigns to creating standards on
DER installation and third-party partnerships. Co-ops can further improve the efficiency of these
initiatives by taking advantage of white glove marketing opportunities offered by consumer
advocacy organizations. For example, Energy Wise MN provides ready-to-distribute templates for
educational DER memos and rebate forms to 27 co-ops across Minnesota and Wisconsin (Energy

Wise MN, n.d.)

4.2 VPP Operations & Management
As mentioned above in Section 1.0, VPP operations can be sorted into three different

categories: DER aggregation, grid orchestration & control, and wholesale market interaction (Gao
et al. 2024; Saboori, Mohammadi, and Taghe 2011). In this section, I present several barriers and
opportunities around two particular segments of VPP operations and management: DER
aggregation and grid orchestration & control. As presented in Table 4.2, I focus on three categories
of barriers that might inhibit co-ops from efficiently operating and controlling their DERMS
platforms to maximize system-wide benefits: organizational integration of VPP management

systems, data sharing & visibility, and standardization.
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Operations & ] »

Integration of VPP
Management Systems

e Nascency of the DERMS market

creates complexities around program
and process development.
Organizational inertia might cause co-
ops to maintain existing systems.
DERMS integration with DERs might
have high enrollment costs: raising
overall project costs and complexity.
DERMS integration might require
upgrades to legacy utility management
systems, raising adoption barriers and
costs.

o Coordination and communication across co-ops

and industry-partners can create avenues for

knowledge and cost sharing on various DERMS

use cases and capabilities.

Foster member buy-in, trust, and culture of

innovation by showing the value proposition of

VPP deployment

o Take a measured approach to investment by

creating programs that enable customers with the

lowest barrier to entry into a DERMS platform to

enroll first.

Upgrade legacy and incompatible utility

management systems at the point of DER

replacement

o Co-ops can create or adopt third-party VPP
platforms that are compatible with multiple
OEMs

Lack of access to real-time customer
data can lead to system damage and
suboptimal market dispatch decisions.
Distribution co-ops might be hesitant
to share distribution-level data with
their G&Ts, creating blind spots in
DERMS operations

Data sharing policies, formats, and best practices:
G&T co-ops should build on existing initiatives to
develop roadmaps for best practices for data
sharing between co-ops within the same system
and between co-ops and third-part service
providers (e.g. DERMS providers or OEMs)
Member buy-in and trust: both distribution &

Lack of standards for DER operations
and reliability

Incompatible underlying IT and
operational systems

Data Sharing & Small-scale distribution co-ops might G&T co-ops can garner member buy-in by
Visibility face challenges leveraging data showing the different VPP use cases and the value
analytics services due to their limited proposition of greater data sharing and visibility
size and resources between the member and the co-op.

o Coordination among cooperatives: co-ops can
coordinate with each other or industry
organizations to create low-cost, third-party data
analytics tools (e.g. MultiSpeak)

Lack of standardized VPP assessment | e Develop internal guidelines to forecast and
and forecasting methods measure real-time VPP operations and
Lack of standardized VPP service performance.

S D agreements o Adopt industry-wide standards for DER

reliability and interconnection.

Table 4.2: Summary of Barriers and Solutions for VPP installation & enrollment. This table summarizes various barriers
and solutions to VPP operations and management as they are discussed in Sections 4.2.1 to 4.2.3. Source: Interviews of Co-
op Staff and other literature sources.
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4.2.1 Integration of VPP Management Systems
Barriers

There are several organizational and economic barriers to integrating virtual power plants
with existing utility management systems among rural electric cooperatives. First, the nascency of
the VPP market, including the process for integrating DERs into DERMS platforms, creates
challenges for rural electric cooperatives in developing and streamlining programs and processes
around their VPP programs, leading to increased costs and inefficiencies that could ultimately
lengthen project timelines (Kerekes 2019). For instance, one interviewee from a G&T co-op
mentioned that the nascency of the DERMS market, including grid-edge technologies that enable
more streamlined operations of DERMS platforms, led to faulty installations, causing significant
cost and project development hurdles that ultimately hinder the further penetration of DERs.

"We have 17 battery energy storage projects, kind of those we started over

two years ago, and they will probably go to COD after the projects we started

last year, and it was contractors not following design documentation. So we

have to make major transformer replacements for this board-level component

in our power conversion systems, and chips have to be replaced. Those are all

things though that happen when you have a very nascent technology that

you're trying to deploy quickly" (Interviewee 14)

Additionally, the emerging nature of the VPP market creates challenges around setting data sharing
policies and DER standards. Sections 4.2.2 to 4.2.3 elaborate on these barriers.

Another barrier hindering the speedy development of co-op-led VPP programs is co-ops’
organizational inertia, which is not unique to co-ops and generally affects most nonprofits (Anheier
2014). As stated by one staff member from a G&T co-op, “It is just principles of the thing, and it's
just this conversation [of] this is how we've done things forever, so we're going to keep doing them
this way” (Interviewee 08). This inertia can result from a lack of democratic accountability, which
creates governance challenges across vertical scales of cooperatives from distribution co-ops to
G&Ts (Klass and Chan 2020; Pacyniak 2020). For instance, most G&Ts are governed by a board

of directors comprised of directors from individual member distribution co-ops (National Rural
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Electric Cooperative Association 2024). However, in many cases, the largest distribution co-ops
have the same representation as the smallest cooperatives, leading to governance tensions around
creating data-sharing and cost-allocation strategies for utilizing distribution-side assets to meet
system-wide goals (Klass and Chan 2020). This point is elaborated by one staff member from a
G&T co-op who said,

“If a distribution co-op wants to invest in DERMS.... a challenge [the G&T] faces

is showing how do we support the expenditure at the [G&T] level when maybe not
all cooperatives are on board with DERMS” (Interviewee 10).

Another barrier to operationalizing VPP programs among rural co-ops is the high costs
associated with integrating DERs into DERMS platforms, which can increase ultimate project
costs, create inefficiencies in program development, and lead to investment risks. When enrolling
DERs into a DERMS platform, original equipment manufacturers (OEMs) can impose fees on
third-party DERMS providers to integrate with their DER software. These fees range from
$100,000 to half a million dollars, and the DERMS provider typically passes this cost onto the co-
op (Downing et al. 2023; Omotoso and MacAvoy 2023). As one G&T staff member pointed out,
high integration fees can pose a serious challenge for smaller co-ops with limited access to capital
to deploy VPP programs.

“Because one of the challenges is this software could be a half million dollars

a year in fees... and that's really hard for a distribution co-op to support.”

(Interviewee 10).

DER integration can also lead to inefficiencies in program development as different OEMs may
have different integration fees and program design requirements. The nascency of the VPP market
has led to limited partnerships between OEMs and DERMS providers. As a result, it is technically
and administrative inefficient for co-ops to contract with multiple DERMS providers and DER

platforms (Hertz-Shargel 2023). Instead, because co-ops tend to partner with a single DERMS

provider, increased partnerships between DERMS providers and DER manufacturers can
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generally lead to increased adoption of VPPs. The same G&T staff member above, who brought
up DER integration fees as being a significant challenge for co-op led VPP programs, also
mentions that restrictive program design requirements and high integration fees from major market
players like Google make it difficult for co-ops to create blanket incentives and policies for DER
integration, leading to situations where co-ops are unable to integrate certain OEMs into their
chosen DERMS platforms.

“Each has their own rules and Google being Google tends to drive, have the most

restrictive rules, some of the higher fees associated with their thermostats, they

have some of the more restrictive notification times.... They want to pre-approve

your incentives and they want to put a lot of restrictions on things. And our first

thermostat pilot, we walked away from Google because of how hard they were to

manage.” (Interviewee 10)

Limited partnerships between DERMS providers and DER manufacturers also limit the number
DERMS providers with whom co-ops can partner. As a staff member from one distribution co-op
points out,

“I've been surprised where some OEMs and some DERMS... have publicly

traded companies behind them that are in competition, and so I think blacklist is

probably the right term or they're sort of blocked from certain OEMs are blocked

from working with certain DERMS [providers].” (Interviewee 02)

Finally, as elaborated within the Department of Energy Grid Modernization Report (2020),
disparate DER integration requirements can also create investment risks. Investments that are
excessively accelerated—surpassing immediate needs—might result in heightened costs for
consumers or may be judged as imprudent by regulators. Conversely, overly delayed
investments—falling significantly behind needs or failing to adapt to evolving technologies
promptly—could compromise reliability and safety, necessitating costly ad hoc solutions.
Furthermore, investments in communication networks, metering infrastructure, and grid or data
management software may become outdated before their anticipated lifespan concludes (Martini,

Taft, and Paladino 2020; Talley and DiMisa 2023). Moreover, technologies might prove costlier
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or underperform expectations, leading to increased acquisition costs, premature replacements, or
issues with reliability and safety.

The final barrier to integrating VPP programs into existing utility systems is that upgrading
legacy utility infrastructure to be compatible with DERMS platforms can significantly increase
project costs and extend timelines. A major example of this is upgrading legacy communication
hardware from existing demand response resources like water heaters and C&I load management
resources. As mentioned above, while co-ops have utilized load management technologies for
several decades, co-ops utilized rudimentary communication devices, such as radio frequency or
power line carrier-based communication systems, that lacked the two-way communication
capabilities necessary to verify VPP dispatch signals (M. D. Grimley 2019). AS mentioned by a
G&T staff member, upgrading these systems to meet the requirements of a VPP platform would
likely add to overall project costs.

"Many of our old demand response assets, like your water heaters or your

C&I loads, have outdated communication systems, and for many of our

member co-ops, upgrading these radio-based systems can be expensive. So

we [at the G&T] level are trying to replace these communication systems at

the [point of asset replacement]" (Interviewee 08).

Opportunities:

Co-ops, DERMS providers, and DER manufacturers are addressing the barriers associated
with integrating DERMS with legacy utility systems in several ways. First, to combat the nascency
barrier, co-op staff members mentioned coordinating with other co-ops and statewide or regional
organizations to create knowledge-sharing opportunities. For instance, a staff member from a
distribution co-op mentioned that they are partnering with other co-ops and utilities in the region
to share best practices on DER integration and program design,

“I spend a lot of time sharing out and learning with the hopes of providing some

level of guidance because I think this space is just so nascent. I also think there
are so many stories of what can be done with IOUs and other types of utilities
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but there should be more case studies on VPP success stories for co-ops”
(Interviewee 01).

Additionally, co-ops are also creating innovative solutions to share DER integration costs. For
instance, the same distribution co-op staff member as above mentioned that their co-ops is seeking
partnerships with a state-wide nonprofit organization to facilitate DER procurement processes and
share customer integration costs,

“We do have a statewide efficiency entity who's been very interested in

getting into the load management space. And so they were able to facilitate

an RFP process, which we're currently working through to see if there's a

synergy that we can get and basically cover this annual component and then

let the utilities do whatever programs they want.” (Interviewee 01)
Another avenue to tackle the high DER integration cost barrier is to build in DERMS entrance fees
into G&T power supply contracts. As a staff member from another distribution co-op mentioned,
“[Integration fees] are included in the price of admission as being an all-requirements member, so
we didn't really have to go out and buy something like that off the shelf” (Interviewee 03).

Increased partnerships between DER manufacturers and DERMS providers can also lower
integration costs and lead to more streamlined program design. These partnerships are already
occurring throughout the VPP industry. For example, Generac and Voltus, two major DERMS
providers, have partnered with the top four smart thermostat OEMs, including Google, Ecobee,
and Resideo (Hertz-Shargel 2023). Co-ops are also taking other approaches to solve the DER
integration challenge. For example, rather than opening up their DERMS program to every OEM
in the market, co-ops are developing bring-your-own-thermostat (BYOT) programs that are open
only to OEMs that have existing partnerships with their DERMS platform (Interviewee 10).
Additionally, as another co-op staff member pointed out, some G&T co-ops have developed their
own internal DERMS platforms that are open only to OEMs that exist within their service territory.

Such approaches ensure that co-ops make risk-based investment decisions by first integrating

DERs that have the lowest barrier to entry.
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“Instead of going out and kind of getting a DERMS off the shelf like a

EnergyHub or a Virtual Peaker so to speak, we've created our own and kind

of growing the software as our needs and wants go what's needed out into

the marketplace.” (Interviewee 13)

This risk-based investment approach can also be applied to upgrading legacy utility infrastructure
that might be incompatible with modern DERMS platforms (e.g., radio-frequency-based
communication systems). In order to bring down costs and streamline infrastructure upgrades, co-
ops can replace legacy communication systems at the point of DER replacement.

Regarding the organization's inertia barrier, co-ops can foster greater member and
leadership buy-in by showing the various value streams that VPPs provide to their members. Co-
ops can do so by showing case studies of successful co-op-led VPP programs, along with the
various challenges those programs faced in their respective implementation stages, as one
distribution co-op staff member mentioned:

“I think what does success look like is something that's digestible, something

that's provides insight kind of across the utility space, co-op space on what

others are doing. There's a lot of talk about what can be done. That's what I

feel like I read a lot about, whether it's a vendor or an IOU, it's like this is

what we can do, but I'm more interested in what has been done.” (Interviewee

01)

Co-ops can also foster a culture of innovation throughout their leadership by hiring younger and
more forward-thinking managers and executives, as one G&T staff member mentions in the
following quote:

“And one of the things that I've seen, and this is of course just anecdotal, and

this is my opinion, is as we've seen a transition to younger executives,

younger CEOs and ones that are familiar with [the G&T] and what we do and

how we do it, I've seen more of a willingness for them to cooperate with us
and hold less of that empire building” (Interviewee 07)

Additionally, Coops can create new governance structures that allow for greater vertical
accountability and representation. As Klass and Chan point out in their (2020) article, G&T

cooperatives could enhance support for their members by fostering more effective stakeholder
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engagement, peer learning, and sharing technical expertise. Essential to this support is ensuring
small members neither unfairly subsidize (nor are subsidized by larger member co-ops) but instead
gain from clean energy transitions. This might involve the G&T cooperative pioneering new
technologies such as electric vehicle rapid charging stations or investing in distributed energy
resources with a wide variety of their distribution members, not only those that are politically
influential or technically advanced. By doing so, clean energy solutions can be expanded more
swiftly across the entire G&T cooperative, delivering benefits to a broad spectrum of distribution

members (Klass and Chan 2020; Wilson 2021).

4.2.2 Data Sharing & Visibility
Barriers:

While rural co-ops have utilized load management resources for several decades, data
sharing and visibility between the customers, distribution cooperatives, and G&Ts were not as
sophisticated as they are today. As rural co-ops have started to modernize their demand response
capabilities and increase penetration of DERs, they have also adopted some data sharing and
visibility capabilities by adopting technologies like Advanced Distribution Management Systems
(ADMS) and Supervisory Control and Data Acquisition (SCADA) systems. However, load
monitored by utilities may be too high-level to provide operators with real-time visibility of DERs
at the meter level, limiting the ability to make informed operational decisions (Cadmus Energy
2023). Furthermore, utilities relying on Advanced Metering Infrastructure (AMI) may struggle to
achieve this real-time DER visibility, with battery energy storage devices for small vehicles and
household use often being difficult to detect in AMI data (Dwyer 2018). This could be for several
reasons. At the customer level, co-ops, in general, can face challenges in acquiring granular and
real-time data (e.g. data from smart thermostats) from DER manufacturers because high data

access fees imposed by OEMs, incompatible data formats between the DER manufacturer and the

AMI interface, and simply because AMIs might not have the visibility into small DERs such as
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small battery vehicles or vehicles with short charging times (Downing et al. 2023; Ernst 2023).
This was mentioned by one G&T co-op staff member in the following quote:

"Many OEMs (original equipment manufacturers) have high data integration

fees which can really affect project economics. We have also only recently

started to really invest in AMI and other things like that so we don't have the

historical data that would enable us to make investment decisions"
(Interviewee 10).

Regarding co-ops, expectation and capacity for baseline levels of data access and sharing between
G&Ts and distribution co-ops can significantly vary within the domain of a single G&T. Among
staff at cooperatives engaging in DERMS/VPP initiatives, “competing distribution and G&T
cooperative goals” is considered one of the major challenges in implementing DERMS/VPP
software tools (Omotoso and MacAvoy 2023). This was reflected by several interviewees but

perhaps captured best by the following quote from a G&T co-op staff member:

“The other piece, you've got data sharing. You've also got why are you
getting into our business this? You're not distribution, you're generation
transmission, so you need to stay out of our business. And so and those are
challenges.” (Interviewee 13)

Individual distribution co-ops may desire to maintain local flexibility in meeting member
needs or may not see value in navigating the procedural complexities involved in reexamining
their relationship with the G&T. These co-ops may then be more reluctant to involve G&Ts in
meter-level DER planning and limit G&T visibility into historic member data, while G&Ts may
be hesitant to go around distribution co-ops to directly coordinate with end users. Even with a
wholly willing member base, DER interoperability and visibility on the distribution grid can be
limited by a patchwork of member co-op levels of technology deployment, frustrating top-down
collaborative efforts by the G&T (G. Chan et al. 2019). This sentiment was shared by a G&T co-
op staff member, who describe the reluctance to share data between distribution and G&T co-ops

as an issue of distrust between the two levels and organizational inertia:
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"The data sharing challenge really shows up when we talk about sharing
data between [the G&T] and our members. Many of our members may not
trust [the G&T] to have control over the distribution grid. Another reason
could be that many of our members are reluctant to change... and say 'why
change something that is not broken."" (Interviewee 07).

Without creating more standardized procedures and developing hardware and software capabilities
for data monitoring and visibility to assuage utility reliability concerns, co-ops might not be able
to make market dispatch decisions that maximize the economic value of VPPs for their members,
leading to members losing trust in the program which could hinder the overall rollout of VPPs as
seen in only 25% of utilities utilizing VPP programs as of 2021 (Dickey et al. 2021).
Furthermore, having real-time and historic grid performance data is also necessary to make
operational decisions that do not overload the grid and cause costly system damage. Rural co-ops
might have a significantly diverse service territory comprising of suburban and more rural
communities, and some members within the same cooperative system might not have the most up-
to-date distribution system infrastructure that can accommodate the extra load created by and the
bi-directional capabilities of DERs. Therefore, making VPP operational decisions without having
clear and real-time grid conditions and performance data can cause system outages for small and
more rural co-ops within the same G&T system (Costantini et al. 2023). Lastly, without
coordination from the G&T, distribution co-ops may struggle to individually warrant attention
from 3rd party aggregators due to their size. In a report by the National Rural Electric Cooperative
Association (NRECA), a representative from a leading grid analytics startup was quoted as saying
“We are absolutely looking for ways to get plugged into the co-op ecosystem... [but] have not
taken the time to explore many of them individually, just given their size” (Stewart and Pinney

2022).

Opportunities:
The development of open-source data-sharing for DERs and VPPs can help reinforce

reliability guarantees by providing utilities a more robust basis for forecasting and managing the
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impacts of DERs. In developing trusted, accessible databases and probabilistic models for
examining VPP performance, research institutions and private organizations can help to alleviate
burdensome demands for data collection and expedite regional pilot programs (Downing et al.
2023). The need for this type of service was reflected in the following quote from a G&T staff
member:

"I think [aggregating data on VPP performance and creating data sharing

templates] is something that could be easily done by an industry player like

NRECA [National Rural Electric Cooperative Association] or by a national

lab. This market is very nascent, and the more involvement we have from
these organizations, the better" (Interviewee 13).

For example, the open source Distributed Optimal and Predictive Energy Resources (DOPER)
model, developed by Lawrence Berkeley National Lab, serves as a predictive control solution for
DERs, forecasting and coordinating DERs and controllable loads to minimize total energy costs
and provide various grid services. A more developed, publicly available network of modeling tools
can help to resolve visibility barriers and assuage utility anxiety over DER predictability.

For co-ops to successfully navigate the complexities of DER interoperability and visibility,
coordination between co-ops is essential. Co-ops engaging in effective data-sharing practices or
developing software-driven solutions for DER coordination can work to act as a road map of best
practices for other co-ops. This was reflected in the following quote from a staff member from a
G&T co-op that created its own DERMS platform:

"We are coordinating with other G&Ts across the country to figure what kinds of

data needs and processes we need to incorporate into our DERMS capabilities so

that it can meet co-ops needs. The positive about this coordination is that it can

really allow us to share costs, but the downside is that this market is so nascent and
messy" (Interviewee 13).

A case study for such collaboration can be found in Central Electric Power Cooperative’s (CEPC)
DERM program. CEPC launched the program, which utilizes DERMs software developed in-

house, in 2018 in coordination with 11 of its 20 member coops. Since launching, the program has
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expanded to include Arizona Electric Power Cooperative G&T and Old Dominion Electric Power
G&T, and has plans to build up to 25 MW of dispatchable resources over the next several years
(Omotoso and MacAvoy 2023). Additionally, current efforts, such as NRECA’s Community-
Integrated Distribution Energy Resilience initiative, are working with co-ops of different sizes to
test DERMS solutions across various distribution contexts, with the study results intended to
inform co-ops nationwide. Participants of the program include co-ops and third-party aggregators,
potentially allowing for further roadmaps for effective third-party collaborations (Cash 2024). In
broadening engagement with third parties, co-ops can work to develop common data platforms to
help provide both co-ops and third parties with common data pools and streamlined data request
procedures, amplifying data access and reducing workforce burdens on individual co-ops in
engaging third parties (Stewart and Pinney 2022).

In alleviating hesitance by member co-ops to engage with G&T data sharing initiatives,
networks of collective action for planning, data gathering, and demand forecasting could be
established between G&Ts and member co-ops to ensure equitable distribution of costs and
benefits. This was reflected by a G&T staff member who called this the "shared control approach,”

"We want to have a shared control concept to help manage demand response

from a market perspective. We have visibility into the markets that our

members don't, allowing us to see when it benefits everyone. Additionally,

there are operational needs, such as managing feeder congestion or voltage

issues, that can be addressed by dispatching load control or batteries. This

shared control would allow DSOs [distribution system operators] to manage

circuits more effectively, from the substation down to the end consumer"
(Interviewee 11).

By removing DERMS from the exclusive purview of G&Ts and allowing member co-ops to call
on and track DERs, member incentives for sharing data may be increased (Matthew Grimley and

Chan 2023).
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4.2.3 Standardization & Uniformity
Barriers

Significant challenges are encountered in deploying VPPs due to the absence of universally
accepted operational standards. These challenges stem from various factors, including industry-
wide variations in forecasting and assessment methodologies, discrepancies in data formats across
organizations and platforms (incl. data fields, time resolution, level of granularity, aggregated
versus individual DER visibility), and inconsistencies in service agreements and incompatible
application program interfaces (APIs) between different types of DERs and VPP service providers.
As one distribution co-op staff member explained, developing a DER integration strategy, given
this lack of standardization in the VPP market, created a lot of complexities in program design that
ultimately affected project economics (Interviewee 02). Additionally, incompatible APIs and non-
standardized service agreements between DER manufacturers and DERMS providers can cause
certain OEMs to be left out of co-op led DERMS platforms.

“We were working with a battery OEM and he said it's possible that

depending on the DERMS you're working with, we may not have an
integration” (Interviewee 10).

Additionally, there is a lack of uniform interpretation of existing standards for DER
interconnections and reliability, further complicating the landscape (Warren, 2023). Attempting to
manage these variations can significantly increase transaction costs for utilities and even VPP
aggregators themselves, with one VPP platform company reporting an inability to share staff
across 16 out of 20 VPP operations due to unique complexities within each operation (Downing
et al. 2023). An example of how these variations can manifest can be seen in EV telematics
programs, which require EV manufacturers to share data with third parties. Nissan and Volvo don’t
accommodate data sharing, whereas Ford and GM do if owners pay a monthly subscription fee,
cutting into savings of program participants. Furthermore, without formalized data-sharing

agreements between manufacturers and aggregators, the accessibility of data is at the whim of the
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manufacturer, potentially limiting the long-term stability of telematics programs (Luciani and
Shober 2014).

Moreover, the reluctance of VPP and DER providers to share this data may stem from their
desire to maintain a competitive advantage over others in the market. Another significant challenge
is the variation in service agreements and codes of conduct across different DER types and VPP
service providers. These agreements outline specific services, performance expectations,
operational coordination protocols, compensation structures, and customer consent specifications.
The variation in these agreements may arise from incompatible underlying IT and operational
systems or internal organizational policies, complicating standardization processes and hampering
interoperability and collaboration across utilities and VPP providers. This challenge was
articulated by a G&T staff member who noted that variation in service agreements might cause
certain OEMs to be left out of the DERMS program.

"This market is so young, and what I have found is that certain OEMs

don't want to work with certain DERMS providers due to issues around

competition or whatever, but for us, what this has meant is that certain

members with certain OEMs might be left out of our DERMS programs

just because data integration fees are too high or because certain aspects
of DERMS does not align with the OEMs" (Interviewee 10).

Lastly, the myriad of interconnection rules and standards also complicates the liftoff of
virtual power plants, especially for market-facing VPPs (Downing et al., 2023; Martini et al.,
2020).

Solutions
Addressing these challenges requires concerted efforts to establish industry-wide

standards, develop standardized methodologies for forecasting and performance measurement, and
implement uniform data formats and sharing policies. Furthermore, there is a need to design
standardized service agreements and codes of conduct, promote consistent interpretation of

existing standards, and improve coordination among stakeholders to streamline DER
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interconnection processes. While this can be done through regional stakeholders or industry
partners, co-ops can also establish internal standards for DERMS operations, as reflected by one
distribution co-op staff member:

"There is an old saying that when you know one co-op, you only know that one co-

op. And that's true here. Industry partners can make all the standards they want but

co-ops will continue to have unique needs and challenges, so there also needs to be

a process internally to come up with some of the operational standards us and
communicate those standards with DERMS providers" (Interviewee 02).

Improved coordination and resources are needed to overcome these challenges, and this
coordination and resources should not only be developed by national organizations, such as the
National Electric Reliability Council but also across the co-op system. To overcome the data-
sharing and data format challenge, initiatives like the National Electric Reliability Council's
(NERC) System Planning Impacts from Distributed Energy Resources Working Group
(SPIDERWG) have developed standards on the type of data to gather when using or developing
DER models, indicating a step towards addressing this challenge.

Furthermore, due to their vertically organized structure of generation & transmission
cooperatives being owned by member distribution cooperatives, cooperatives can facilitate internal
coordination and develop solutions tailored to standardizing VPP and DER operations. These
coordination processes can allow co-ops to create standards and policies that work for their needs
but also create opportunities for cost sharing.

"One of the big advantages of setting up our own internal DERMS platform is that

we can create standards and other things around this platform that fits our needs.

Many of the other DERMS providers out there provide services that we may not

need for our co-op, and this can lead to high costs. We are also allowing other G&T

co-ops to utilize our DERMS programs, and any costs associated with upgrading
our platform can be shared between us and our off-takers" (Interviewee 12).

Another example is the NOVA Power Portal established by the Great River Energy
demonstrate the potential for cooperatives to streamline DER interconnection processes.

Furthermore, G&T co-ops can provide capacity and resources to support the development of
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industry-wide standards and collaborate with stakeholders to design best practices for service
agreements and interconnection processes. By leveraging their strengths and fostering
collaboration, cooperatives can contribute to the widespread deployment of VPPs and enhance the

reliability and efficiency of the power system.

4.3 VPP Valuation, Rates, and Incentives
VPPs are increasingly recognized for their ability to provide essential services to the

distribution grid, such as peak shaving, voltage regulation, and enhancing grid reliability. Notably,
as emphasized in sources like Hledik and Peters (2023) and Brehm et al. (2023), VPPs play a
crucial role in optimizing the distribution side of the grid. This concept is illustrated in Figure 4.1,

which indicates that most EV telematics programs' benefits are realized on the distribution side.

GENERATION TRANSMISSION DISTRIBUTION TOTAL TRANSMISSION AND
COSTS INVESTMENTS INVESTMENTS DISTRIBUTION INVESTMENTS
PER EV THROUGH 2030

Cost or investment per EV through 2030 ($)
decrease
5,800

5,380
@

v

1,630 1,700

I ﬂ - s - -
|

Nonoptimized  Optimized Nonoptimized  Optimized Nonoptimized  Optimized Nonoptimized Optimized

Figure 4.1: The Impact of Optimized EV Charging Location and Timing on Grid
Investments. This figure shows that optimizing EV charging based on locational and timing
constraints has the greatest impact on the distribution grid. Source: Sahoo, Mistry, and Baker
(2021).

Additionally, due to unclear market participation and compensation rules, VPPs are also
unable to fully maximize their value streams from wholesale markets. This section summarizes
various barriers and opportunities with realizing distribution-side VPP benefits and wholesale

market participation. Table 4.3 summarizes these challenges and their solutions as they are

discussed in Sections 4.3.1 and 4.3.2.
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o Unclear quantification of reliability o Industry associations (e.g. NERC) can set
and ancillary service benefits minimum reliability metrics.
o Unclear allocation protocols for o Co-ops can develop processes to share reliability
Valuation of distribution benefits benefits equitably.
Distribution Side o Piecemeal reliability and o Co-ops or industry associations can develop
Benefits interconnection regulations customer reliability value guidelines.

e Research groups or co-ops can expand reliability
valuation models.
o Co-ops can value non-wires alternatives benefits.

e Limited IT and market interface o Co-ops can partner with third-party providers to
capacity at the distribution co-op level build IT and market-interface capacity.

o Lack of wholesale market rules for o Co-ops can participate in stakeholder forums,
compensating BTM resources submit comments on proposed rulemakings, and

o Saturated wholesale ancillary markets collaborate with industry associations to make

Valuation of Bulk-

Power Benefits changes at the wholesale market level

e Wholesale market operators can set clear rules on
compensating BTM resources

e Wholesale market operators can create
opportunities for BTM resources to bid into
wholesale ancillary services market

Table 4.3: Summary of Barriers and Solutions for Distribution and Bulk-Power VPP Valuation. This table summarizes

various barriers and solutions to VPP valuation as they are discussed in Sections 4.3.1 and 4.3.2. Source: Interviews of Co-op

Staff; and other literature sources

4.3.1 Distribution System Valuation
Barriers:

Because there are limited methodologies to property value these benefits, co-ops make
decisions on VPP deployment based solely on economic variables like avoiding peak demand
charges from their bulk-power supplier or accruing capacity payments from wholesale markets
(Omotoso and MacAvoy 2023; Hertz-Shargel and Norris 2023). For instance, there are limited
valuation methodologies that measure the reliability benefit of VPPs both from a customer’s and
utility’s perspectives. Typically, the utility uses cost and benefit parameters that impact the utility's
investment decisions to generate the value of grid resilience and reliability. However, this doesn't
consider the full potential of demand flexibility because that happens at the customer's level.
Current resilience valuation calculations do not incorporate granular customer dynamics and their

response during extreme conditions and their impact on the overall power grid operation. For

example, data are sparse regarding changes in customer behavior in response to outages (Hanif et
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al. 2022). As reflected in the quote below, one distribution co-op staff member mentions that this
valuation challenge causes difficulties in planning for cost-reduction and grid-management
strategies, such as deferring transmission & distribution (T&D) asset upgrades.

“What I've found is that in reality, almost no one, and I have yet to find

this, a good example of someone actually dispatching these EV chargers

or batteries for a T&D constraint, whether that's a distribution transformer,

whether that's a primary line, whether that's a substation transformer.”

(Interviewee 01)

Opportunities

One potential solution to address the challenges of accurately assessing and compensating
VPP program participants is the development of standardized frameworks and methodologies for
valuing the benefits derived from VPP integration into the distribution grid. To do this, co-ops can
either partner with external stakeholders, such as industry associations or regulatory bodies, or
establish clear internal guidelines for evaluating distribution side benefits of their VPP programs,
such as reliability and voltage regulation. For example, co-ops can utilize SAIDI and SAIFI
reliability metrics to develop reliability valuation methodologies, and in order to garner member
buy-in, G&Ts can allow their distribution member co-ops to set their own valuation parameters,
as one G&T staff member said in the quote below:

“The other example is we have a cooperative that they use their SAIDI

numbers, and they basically say, an hour of SAIDI is worth X dollars. And

I'm not sure how they came up with that, but they do that internally to say,

this is what reliability is worth to us. And that helps them drive decisions

on where they do improvements to increase their SAIDI numbers.”
(Interviewee 14)

Co-ops can also strengthen their reliability valuation methodologies by incorporating VPP
reliability benefits in their siting and investment decisions, even if project economics do not
ultimately pencil out. This strategy was highlighted by a staff member of one distribution co-op

who says,
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“If the project doesn't pencil for that, just purely financial value doesn't

generate a return over a hurdle rate, it makes you kind of converge or sort

of send those projects towards entities that value resilience. So that want to

spend the extra money to configure a microgrid, for example, and put the

battery on a microgrid or want the ability for their home to island.”

Coops can also incorporate customer perspectives on reliability service through customer
experience and engagement surveys. Furthermore, implementing transparent and flexible
compensation mechanisms, such as performance-based incentives or dynamic pricing structures,
can ensure that program participants are fairly rewarded for their grid reliability and efficiency
contributions.

Finally, to understand how rural co-ops can monetize distribution-side benefits to defer
distribution asset upgrades, they can invest in non-wired alternatives (NWA) and adopt VPPs’
reliability and ancillary services benefits into NWA cost-benefit analyses (Paniagua 2023). To
overcome the barriers associated with limited internal capacity at the distribution co-op level,
distribution cooperatives can survey their member consumers and create alternative valuation
strategies, as reflected by the following quote by a G&T staff member:

"One of our member co-ops surveys its member [consumers] to understand how

much they value reliability and what services they might want. Some folks said that

they wanted to install an extra microgrid that would serve as a backup during

weather. Our member co-op basically agreed to install the microgrid and charge

member consumers a $25/month fee for O&M (operations and maintenance). So

that $25 fee begins to quantify how much our members value reliability"
(Interviewee 14).

Distribution co-ops can also explore partnerships and collaborations with G&T cooperatives and
other industry stakeholders to utilize cutting-edge valuation methodologies. This collaborative
approach can facilitate knowledge sharing, technical assistance, and resource allocation, ultimately
enabling distribution cooperatives to maximize the value of VPP integration and better serve their

customers.
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4.3.2 Bulk Power System Valuation
Barriers:

One significant challenge facing rural electric cooperatives regarding VPP interactions
with the bulk power system, particularly in wholesale energy markets, is the uncertainty and delays
in regulatory frameworks and market rules governing DER aggregation. While policies like FERC
2222 and 841 have opened doors for DERs and storage resources to participate in wholesale power
markets, RTOs/ISOs have proposed lengthy timelines for designing the rules governing these
interactions. Some ISOs have projected timelines stretching as far as 2030, delaying the
implementation of VPP programs that could provide valuable benefits to cooperatives (Franco
2021, 22). The lack of clear and expedited regulatory pathways creates uncertainty for rural
cooperatives looking to monetize the benefits of VPP integration, hindering their ability to
leverage these resources effectively in wholesale energy markets (Hertz-Shargel and Norris 2023).
This is reflected by the following quote from a G&T co-op staff member:

"We are in a market ecosystem where RTOs and ISOs have not created proper rules

around how DERs and some of these other customer-sited assets can be deployed

in the market. Part of that is being streamlined through FERC 2222, but still how

these rules will actually show up at the wholesale market level is pretty nebulous"
(Interviewee 11).

Moreover, rural electric cooperatives face challenges in capturing the full value of VPP
benefits within the wholesale energy market structure. While VPPs offer opportunities for
frequency regulation and resource adequacy at lower costs, cooperatives may struggle to quantify
and monetize these benefits effectively. Developing wholesale rates that accurately reflect the
value of VPP contributions requires in-depth analysis and understanding of market dynamics,
which may be challenging for cooperatives with limited resources and expertise. Additionally,
cooperatives must navigate complex market structures and regulations to ensure that they can fully
capitalize on the value of their VPP programs within the wholesale energy market landscape. This

requires collaboration with regulatory authorities, market operators, and industry stakeholders to
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develop transparent and efficient market mechanisms that recognize and reward the contributions

of VPPs to grid reliability and stability.

Opportunities:
To address rural electric cooperatives' challenges in leveraging VPPs within wholesale

energy markets, proactive engagement with regulatory authorities and market operators is
essential. Cooperatives can advocate for expedited rulemaking processes within RTOs/ISOs to
accelerate the integration of DER aggregation into wholesale market operations. This could
involve participating in stakeholder forums, submitting comments on proposed rulemaking, and
collaborating with industry associations to push for streamlined regulatory pathways (Omotoso
and MacAvoy 2023; Talley and DiMisa 2023). By actively shaping the regulatory landscape,
cooperatives can help reduce uncertainty and expedite the implementation of VPP programs,
enabling them to realize the benefits more quickly.

Furthermore, rural electric cooperatives can explore alternative strategies to capture the
full value of VPP benefits within wholesale energy markets. This may involve leveraging
partnerships with third-party aggregators or energy service providers specializing in DER
management and market participation. By outsourcing certain aspects of VPP operations and
market engagement, cooperatives can access specialized expertise and resources, mitigating the
challenges associated with limited internal capacity (Singh and Banunarayann 2024). Additionally,
cooperatives can prioritize investments in data analytics and modeling capabilities to quantify
better and monetize the value of VPP contributions to grid reliability and stability. By enhancing
their analytical capabilities, cooperatives can develop more sophisticated pricing mechanisms and
market strategies tailored to optimize the value of their VPP programs within wholesale energy

markets. Overall, proactive engagement, strategic partnerships, and investments in analytical
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capabilities are key to overcoming the challenges and maximizing the benefits of VPP integration

for rural electric cooperatives in wholesale energy markets.

4.4 VPP Planning Processes and Considerations
This section describes various barriers and opportunities around integrating virtual power

plants in utility distribution, transmission, resource, and integrated planning processes, as
summarized in Table 4.4 below. Integrated planning is a method that optimizes the orchestration
of complex systems by integrating distribution, transmission, and resource planning alongside both
demand and supply-side technologies. This holistic approach, supported by the National
Association of Regulatory Utility Commissioners (NARUC) and the National Association of State
Energy Officials (NASEO), involves grid modernization, distribution system planning, and
resource planning. Despite many utilities initiating targeted efforts like evaluating non-wires
alternatives, scaling these from pilots to full integration remains difficult. The potential benefits
include cost savings and enhanced system reliability, but challenges like data availability,
interoperability requirements, and stakeholder engagement persist. Transitioning from traditional,
segmented planning to a comprehensive integrated approach demands rethinking assumptions and
enhancing coordination across separate planning activities within utilities.

In rural areas, electric cooperatives often conduct formal planning at the G&T level,
considering up to the transmission-distribution interface but often omitting DERs and other
distribution solutions that could offer substantial system-wide value. Siloed planning might
overlook the impacts of the rapid adoption of electrification technologies on long-term
transmission and resource plans. Addressing DERs entails planning for changes on the distribution
grid to be integrated into and informed by system-level planning, identifying both barriers and

opportunities for integrating virtual power plants within utility distribution and planning processes.
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Distribution Planning

o Lack of expertise or capacity might

prohibit distribution co-ops from
investing in comprehensive
distribution planning.

Data aggregation and analysis required
for granular locational forecasts.
Time-consuming and challenging tasks
for distribution cooperatives,
particularly those with limited internal
capacity.

Inconsistencies and inefficiencies
across cooperatives within the same
G&T co-op system.

o Distribution co-ops create processes for

comprehensive distribution planning by either
partnering and cost-sharing with other
distribution co-ops or asking their G&T to
provide distribution-planning assistance as an as-
requested service.

Work with external organizations to develop
standard data sharing policies and forecasting
methodologies.

Distribution co-ops should support investments
into non-wired alternatives in their distribution
planning processes.

Hosting capacity maps and analyses provided by
G&T cooperatives to help distribution
cooperatives identify and leverage DER assets.

Bulk Power Planning

No clear framework on integrating
VPPs into capacity expansion planning
models for resource planning
processes.

Limited historical data creates
difficulty in assessing future DER
adoption rates and load growth.

Siloed planning process create
information asymmetries within one
utility or across a co-op system.

Co-ops should consider increased DER
deployment rates in their resource planning
processes and invest in data sharing agreements
with DER manufacturers

Combine capacity expansion planning, asset
investment decisions, and grid hardening into one
planning process.

Co-ops should incorporate valuation methods
discussed above to monetize the reliability and
ancillary benefits of DER aggregation

Integrated Planning

Co-ops should consider increased DER
deployment rates in their resource
planning processes and invest in data
sharing agreements with DER
manufacturers

Combine capacity expansion planning,
asset investment decisions, and grid
hardening into one planning process.
Co-ops should incorporate valuation
methods discussed above to monetize
the reliability and ancillary benefits of
DER aggregation

Collaborative efforts between G&T cooperatives
and distribution cooperatives to pilot integrated
planning studies.

Co-ops should mandate benefit-cost analysis
around procurement of non-wired alternatives
within their integrated planning processes.
Creating tools such as informational guides on
market rules and policies to clarify roles and
responsibilities for DER planning processes.
Engage DER manufacturer and distribution co-op
to acquire visibility into DER performance and
grid conditions data required for long-term load
forecasting, fault analysis, and other distribution
and resource planning processes.

Incorporate DERS into the resource planning
process.

Data-sharing initiatives between distribution
cooperatives and G&T cooperatives to provide
visibility into member DER resources.

Table 4.4: Summary of Barriers and Solutions for VPP Planning Process & Considerations. This table summarizes
various barriers and solutions to integrated VPPs into distribution, bulk power (transmission & generation), and integrated
planning processes as they are discussed in Sections 4.4.1 to 4.4.3. Source: Interviews of Co-op Staff; and other literature

sources
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4.4.1 Distribution Planning
Barriers:

Integrated distribution planning (IDP) for rural electric cooperatives faces several barriers
that hinder efficient and effective decision-making processes. One significant barrier lies in the
complexity and resource-intensive nature of the distribution planning process itself, which
prohibits many smaller, capacity-constrained distribution co-ops from participating in formal IDP
processes (Martini, Taft, and Paladino 2020). When asked about their distribution planning
capabilities, one co-op staff member noted that the resource and capital intensive nature of formal
IDP processes causes them to engage in short-term (one to three year time horizon) and ad-hoc
planning processes:

“We've done a little bit of exploratory work in that regard here and there.

We are very rural and small in size, and so we generally take the ‘spaghetti

rule’ when it comes to distribution planning. You throw it all against the
wall and see what sticks.” (Interviewee 03)

Access to granular locational data is also essential to IDP processes, and all data sharing
barriers related to operational data, as mentioned in Section 4.3.2, might also apply to data sharing
considerations for IDP processes. Granular locational forecasts, essential for assessing changes in
load at various levels within the distribution grid, require meticulous data aggregation and analysis.
However, operating SCADA systems and acquiring customer meter data can be time-consuming
and challenging tasks for distribution cooperatives, particularly those with limited internal capacity
and low DER penetration. Additionally, even if distribution co-ops invest in grid-edge
technologies (e.g. SCADA and AMI) and have formal IDP processes, low DER penetration could
mean that not enough historical data is available to make accurate dispatch decisions, as two
distribution co-op staff members, whose co-op takes part in formal IDP process, mentions in the
following quote:

“In the last three or four years, we've implemented an AMI system where now

we're getting that 15-minute reading. And so we now know to a much more
granularly aspect what members do with their load. But that said, that's only

63



been in place for a few years. Understanding that getting the history and
having a better understanding, that's going to take some years to really
understand what our members are doing.” (Interviewees 05)

Moreover, the locational variation in data granularity further complicates the distribution planning
processes, leading to inconsistencies and inefficiencies across cooperatives within the same G&T
co-op system (Byrnett, Verclas, and Zetterberg 2021).

Another barrier arises in the realm of current distribution system assessments, where
determining the condition of grid assets and forecasting performance over long time horizons
present significant challenges. Monitoring and tracking the performance of distribution equipment,
especially over 15 to 30-year time horizons, demands substantial time and financial investments,
which may exceed the capabilities of many distribution cooperatives. Additionally, resilience and
reliability analysis face barriers in coordinating distribution system impacts with the bulk power
system, as distribution cooperatives often lack visibility beyond the substation or feeder level
(Martini, Taft, and Paladino 2020). Finally, the system analyses encounter challenges such as
complex power quality and protection analyses, exacerbated by the lack of locational
understanding of DERs and their usage data. Distribution cooperatives typically conduct short-
term modeling, limiting their capacity for long-term planning, further exacerbating the planning
process's inefficiencies and uncertainties.

Distribution planning for sections of the grid with high concentrations of DERs requires
visibility for load at the substation and feeder level, involving the development of granular
locational and temporal forecasts that incorporate data on circuit-level DER adoption and patterns
of use. These forecasts are necessary for accounting for net-load effects on the grid, particularly
concerning DERs that have bi-directional grid-forming capabilities and meet certain reliability

criteria (Martini, Taft, and Paladino 2020).
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Solutions
Despite these barriers, solutions and opportunities exist for rural electric cooperatives to

enhance integrated distribution planning processes. Collaborative efforts between G&T
cooperatives and distribution cooperatives can provide critical support and resources to overcome
these challenges. G&T cooperatives can offer coordination, data analysis capacity, and access to
technologies like SCADA systems, empowering distribution cooperatives in their planning
endeavors (Cadmus Energy 2023) By providing visibility into resources on the distribution grid;
distribution cooperatives can incorporate DERSs into resource planning processes at the G&T level,
fostering synergy and efficiency across the cooperative network. Furthermore, G&T cooperatives
can develop best distribution planning practices tailored to distribution cooperatives' needs,
promoting consistency and standardization in planning methodologies.

Through data-sharing initiatives, distribution cooperatives can provide visibility into
member DER resources to their G&T cooperative power suppliers, facilitating informed decision-
making and resource optimization (Vijaykar 2021). Additionally, capacity hosting maps and
analyses provided by G&T cooperatives can help distribution cooperatives identify and leverage
DER assets during reliability events, enhancing grid resilience and reliability (Gibson 2020).

Moreover, G&T cooperatives can collaborate with third-party providers to offer low-cost
data analysis and contracting services to distribution cooperatives, addressing the time and cost
barriers associated with long-term forecasting and performance monitoring. By providing their
members with support to conduct IDP as a fee-for-service option, G&T cooperatives can
incentivize cooperation and information exchange while ensuring more granular visibility into the
distribution grid, ultimately fostering a more resilient and efficient electric grid for rural

communities.
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4.4.2 Bulk Power System Planning
Barriers:

Bulk power planning deals with resource adequacy, reliability, and resilience planning on
generation and high-voltage transmission resources (National Association of Regulatory Utility
Commissioners (NARUC) 2020). On the generation side, assets are entered into capacity
expansion models as a selectable resource (Byrnett, Verclas, and Zetterberg 2021). However, the
relative nascency of the VPP market has meant that there are no clear methodologies on how
different components of a VPP that can be entered as an aggregated selectable resource into
capacity expansion models that are used to meet resource planning objectives (Duncan et al. 2021).
This was mentioned by one G&T staff member who said,

“We model long-term planning on econometric dynamic optimization

models that integrate existing power generators that we have on our system

and potential generators that we price out and introduce to the model as

assets. And unless we're able to aggregate all the characteristics of a virtual

power plant into a selectable resource model, choosing those as a part of a
least-cost plan going forward becomes challenging” (Interviewee 07)

Furthermore, limited historical data and the customer-centric value proposition of DER adoption
— along with current visibility into the distribution grid — makes it difficult for resource planners
at the G&T level to accurately forecast variables, such as load growth and future DER adoption
rates, that are important inputs into capacity expansion models, as reflected by the same G&T co-
op staff member as above.

"Now, our ability to forecast additional resource growth, that's something that's

a little bit different. And I liken that to our ability to forecast distributed energy

resources and small solar. I think it's hard to do because the value proposition

is so dependent on each individual customer that's considering these potential

assets. We can't forecast whether a small business... is going to find it cost-

effective to install a demand response resource or a certain level of DSM.”
(Interviewee 07)

On the transmission side, siloed planning processes and inadequate DER modeling

practices create barriers to considering VPP benefits in long-term transmission planning processes.
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First, reactive planning transmission processes that do not consider distribution-side constraints
can increase interconnection delays (Howland 2023). Additionally, current transmission planning
processes often tend to be siloed between regions, reactive to specific needs, and narrowly focused
on the benefits considered (focused on local area benefits instead of system-wide, quantifies only
direct benefits based on the need considered). Transmission investments are also often established
in forward-looking ten-year plans developed by various regional forums with limited interregional
coordination and varying planning processes (e.g., ISO/RTO plans, West Connect, and sub-
regional forums) (White et al. 2024; Luciani and Shober 2014).

Ensuring the visibility and controllability of DERs is a concern in grid operations.
However, adequate modeling of DERs in transmission-planning studies is required to address
concerns about ensuring adequate bulk system reliability in terms of voltage and frequency
performance under high levels of DERs and to explore the contribution of new emerging
technologies. Furthermore, these modeling techniques also do not meet certain criteria set by DER
interconnection standards like IEEE 1547 (Electric Power Research Institute 2019).
Opportunities:

Co-ops and energy practitioners can think about several avenues to incorporate VPPs into
their long-term bulk power planning processes. First, to accurately insert different components of
a VPP as an aggregate in capacity expansion models, utility planners at G&T cooperatives can
take what is known as a “bundled planning approach.” In this approach, different “bundles” of
VPP resources (e.g., demand response resources, distributed generation, storage, etc.) are modeled
as selectable resources (Antonopoulos et al. 2021). A notable and recent example of such modeling
techniques can be found in the most recent integrated resource plan filing for Xcel Energy
Minnesota, where utility planners utilized this modeling technique to forecast the resource
adequacy benefits of demand response and distributed generation technologies (Xcel Energy
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2024). Such practices can also be extended to other types of DERs, like EV chargers and heat
pumps, and planners across G&T cooperatives should coordinate internally to create standardized
and co-op-specific assumptions around modeling DERs within their resource planning processes.

Additionally, standardized and non-siloed transmission planning can also be achieved
through greater stakeholder engagement and transparency, and increased visibility and control of
the distribution grid can help bulk-power planners think about how DERs can support reliability

and resiliency needs at the transmission level.

4.4.3 Integrated Planning Considerations
Barriers:

Integrated planning for rural electric cooperatives represents an aspirational aim and a
methodical approach to enhancing system efficiency. This process entails harmonizing distribution
and resource planning while maximizing the effectiveness of demand- and supply-side
technologies (D. G. Chan et al. 2019; Byrnett, Verclas, and Zetterberg 2021). The advantages of
integrated planning are extensive, encompassing heightened stakeholder engagement in decision-
making, cost reductions through refined resource allocation, and improved evaluation of
investment risks (Schwartz et al. 2022). Nonetheless, implementing integrated planning faces
persistent challenges, particularly in bridging the gap between assumptions, scope, objectives, and
planning horizons across different planning initiatives.

First, a lack of integrated planning processes is, in and of itself, a major hurdle to planning
long-term VPP investments. As a distribution co-op staff member mentioned,

“I think as we get more and more DERs into our grid, the lines between the

transmission, generation, and generation side are becoming more and more

blurred. So I really see a need to coordinate activities across all three of these

segments to really understand how we can utilize some of these behind-the-
meter resources.” (Interviewee 11)

Another challenge is that the lack of streamlined policies and standards creates challenges for data
integration and sharing across the co-op system, from the member consumer up to the distribution
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co-op and the G&T. Without access and visibility into granular, locational, and historical
distribution grid data, utility planners might not be able to accurately forecast how DERs might
impact system-wide reliability and resilience needs. The lack of locational data on DER
availability also creates challenges around DER deployment and market saturation. For example,
one co-op staff member mentioned that there is a real need to figure out “which DERs are where”
so that their co-op can make investment decisions that deploy DERs to least-cost areas.
Furthermore, even if co-ops manage to create data sharing and standardization policies across the
entire system, current DER modeling techniques are insufficient in capturing the reliability and
resiliency benefits of DERs as an aggregate (Carvallo et al. 2018; Carvallo, Frick, and Schwartz
2022).

Significant heterogeneity across member co-ops within a single G&T can also cause
challenges with integrated planning processes. Co-op member diversity spans multiple
dimensions: rural versus suburban settings, variations in co-op staff numbers, a focus on residential
versus commercial sectors, wholesale market interaction, and varying degrees of DER penetration
and experience with third-party DERMS providers. As another G&T staff member noted, these
heterogeneity factors can create significant equity and fairness concerns across a G&T’s member
co-op as cost deferred by one member distribution co-op’s adoption of DERMS can shift costs
onto smaller distribution co-ops (Interviewee 07 and 08).

Furthermore, distribution cooperatives may lack comprehensive proof-of-concept
studies/examples that utilize DERs as a supply-side resource, particularly in rural settings with
different governance and operational structures. As is reflected by the following quote from a
distribution co-op staff member, this lack of evidence often leads to skepticism and reluctance to
embrace new technologies, impeding progress toward integrated planning.

“I think there needs to more case studies and success stories on various VPP use
cases for rural co-ops. It should shed light on what others in these sectors are
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accomplishing. There's a prevalent discussion about potential actions—this is a
common theme I notice in communications from vendors or investor-owned
utilities, focusing on possibilities. However, my interest leans more toward actual
achievements—what has already been implemented and proven effective.”
(Interviewee 03).
The absence of consistent roles and responsibilities for DER planning processes also exacerbates
the challenges. As discussed above, several interviewees mentioned that distribution co-ops and
G&Ts have mixed views on how much control G&Ts should have on the low-voltage side of the
substation. Some interviews also mentioned that some distribution co-ops would like to have
ownership of engaging and communicating with their member-consumers, while G&T’s role
should be on responding to market signals. On the other hand, one staff member from a small
distribution co-op mentioned that “they would really like for the G&T to handle everything.”

Whichever the approach, G&Ts should clearly define roles for their member co-ops when

partaking in integrated planning processes.

Opportunities:
Rural electric cooperatives face unique challenges in adopting integrated planning

processes due to diverse geographic and operational contexts. Integrated planning, essential for
managing the complexities of distributed energy resources (DERs) and transitioning to more
sustainable and efficient operations, requires a systematic approach that considers both technical
and community-based aspects.

One viable solution is the adoption of a hybrid cooperative model that combines elements
of top-down (Total Transmission System Operator, TSO) and bottom-up (Total Distribution
System Operator, DSO) approaches. This adaptable model allows for a nuanced application that
caters to the specific needs and capacities of different member co-ops. It balances centralized
guidance with the autonomy of local cooperatives, enabling each to navigate their transition
towards integrating DERs according to their capability and pace. There are successful examples

of G&Ts adoption this approach. For instance, North Carolina Electric Cooperative (NCEMC), a
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G&T serving 19 distribution co-ops, conducted two pilot studies with the Duke Balancing
Authority and the PJM Regional Transmission Operator to understand how NCEMC can act as a
DSO and streamline DER data integration and share information with bulk power market operators
(North Carolina Electric Cooperatives and PJM Interconnection LLC 2020; Talley and DiMisa
2023).

Rural co-ops can also enhance stakeholder engagement for effective governance by
forming collaborative teams that bridge decision-making across the system. This could involve
establishing advisory groups consisting of co-op staff and consumers who are actively using DERs,
facilitating dialogue that informs policy adjustments and new initiatives. This participatory
approach ensures that diverse stakeholder voices are considered in the planning process, promoting
transparency and buy-in from the community (D. G. Chan et al. 2019).

In terms of operations, co-ops should focus on integrating data into common platforms.
This enhances visibility and interoperability, crucial for managing the interplay between DERs
and traditional grid operations. Creating integrated grid architecture documents can help define
roles and operational protocols, setting the stage for more effective coordination and deployment
of DERs (Howland 2023; Vijaykar 2021). Expanding pilot program opportunities is essential for
DER interconnection and deployment. These pilots can test and refine processes for DER
integration, from smart thermostats to larger-scale resources like community solar projects.
Learning from these pilots can guide broader implementation strategies, helping co-ops understand
the operational and economic impacts of DERs and tailor their approaches to local conditions. On
the commercial and market activity front, rural co-ops can explore a la carte options for DER
management and compensation. This flexibility allows co-ops to tailor services to their needs and
capacities, facilitating gradual adaptation to market changes and new technologies without
overwhelming their operational structures (D. G. Chan et al. 2019). Lastly, for grid planning and
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upgrades, co-ops should align their budgets and planning forecasts with enhanced modeling tools
that consider both current and future grid capabilities. This involves collective data access and
integrated planning that co-optimizes DER services with traditional grid upgrades. By establishing
a unified framework for data management and planning, co-ops can better anticipate and respond
to shifts in energy demand and generation.

By adopting these integrated planning strategies, rural electric cooperatives can not only
improve their operational efficiency and grid reliability but also play a pivotal role in advancing
the energy transition in their communities. This proactive approach ensures they remain
competitive and responsive to the evolving energy landscape, ultimately benefiting their members

and the broader grid network.

S Discussion: Crosscutting Themes across Co-op Led VPP Programs

The section above highlights various barriers and opportunities to VPP liftoff in the rural co-
op space. Rural co-ops have a significant opportunity to leverage their vast experience in deploying
demand response programs. However, the member-owned, nonprofit structure of rural co-ops,
along with the nascency of the VPP market, creates significant challenges for co-ops and other
energy providers to deploy VPPs at scale and maximize the benefits that utilities can get out of
such programs. For instance at the G&T level, which are governed by board of directors comprised
of directors of the member distribution co-ops, disagreements between the G&T and one member
on different aspects of DERMS and VPPs can lead to tensions between a member and other
member co-ops (Klass and Chan 2020). Additionally, the independent and autonomous nature of
rural co-ops makes it difficult to establish data sharing and control agreements between G&T's and
their member utilities because distribution co-ops might be unwilling to give up control of their
grid operations or might have concerns around privacy and security when considering data sharing

policies (Cadmus Energy 2023). This is particularly reflected by the fact that distribution co-ops
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might be unwilling to share control and access of the distribution system with their parent G&Ts.
In this section, I build off the information presented in Sections 2 and 4 to discuss some overall
considerations for deploying virtual power plants among rural electric cooperatives. Across the
interviews with co-op staff members, I found that the emerging VPP market and its lack of
standardization pose significant challenges for rural co-ops in designing VPP initiatives. These
challenges hinder the effective implementation and operation of VPPs and slow the adoption and
integration of distributed energy resources (DERs). To successfully deploy VPPs, co-ops must
focus on flexibility, cooperation, and engagement. These core concepts are crucial for navigating
the market's nascent state and lack of uniformity, enhancing co-ops' operational effectiveness,
adaptability, and community support.
5.1 Biggest Barriers: Nascency of the VPP Market & Standardization

The VPP market's nascency and the associated lack of standardization stood out as the main
barriers for rural electric cooperatives looking to create VPP programs. These barriers challenge
the implementation and operational efficiency of VPPs and impede the broader adoption and

integration of DERs within these cooperatives.

5.1.1 Nascency of the VPP Market:
The emerging VPP market is marked by rapid technological advancements and evolving
regulatory frameworks, which often outpace the ability of rural co-ops to adapt quickly. This
market immaturity leads to several specific challenges:
1. High Integration Costs: The nascent nature of the market means that technologies and
practices are not yet standardized, leading to high costs for integrating VPP systems. These
costs can be prohibitive for co-ops, particularly those in rural areas with limited financial

resources.
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2. Complexity in Program and Process Development: The lack of established protocols
and benchmarks for VPP operations makes it challenging for co-ops to develop efficient
and effective programs. This results in increased operational complexity and higher
overheads as co-ops endeavor to navigate an underdeveloped market.

3. Risk of Obsolescence: Given the rapid evolution of technology in a nascent market, there
is a significant risk that investments in specific technologies or systems may become
obsolete quickly. This potential for rapid obsolescence can deter co-ops from making

substantial investments in VPP technologies.

5.1.2 Lack of Standardization across VPP Providers and Off-takers

The absence of standardized processes and technologies in the VPP market complicates
the deployment and scalability of VPP programs within co-ops. This lack of standardization
manifests in several ways:

1. Interoperability Issues: Without standardization, the diverse array of DER technologies
and management systems may not be interoperable, complicating the aggregation and
management of these resources across a co-op’s network.

2. Varying Regulatory Environments: The regulatory landscape for VPPs is still
forming, with significant variations across jurisdictions. This inconsistency can create
confusion and compliance challenges for co-ops, which often operate across multiple
regulatory environments.

3. Difficulties in Valuation and Compensation: The lack of standard methods for
assessing the value created by VPPs complicates the process of setting fair
compensation rates for DER owners and operators, which is crucial for ensuring

participant engagement and the long-term viability of VPP programs.

5.1.3 Impact on Co-op Led VPP Programs
The combination of these factors — the nascency of the VPP market and the lack of standardization

— particularly impacts rural electric cooperatives in several ways:
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4. Increased Barriers to Entry: The upfront costs and complexity of initiating VPP
programs can be daunting for co-ops, especially those with limited capital and expertise
in new technologies.

5. Operational Inefficiencies: The absence of standardized processes can lead to
inefficiencies in VPP operation, as co-ops may need to custom-tailor systems and
procedures, increasing both the cost and time required for VPP deployment.

6. Challenges in Stakeholder Engagement: The uncertainty and complexity associated
with a nascent and non-standardized market can make it difficult for co-ops to engage
members and other stakeholders effectively, thereby hindering the adoption of VPP

programs.

5.2 Biggest Success Factors: Flexibility, Cooperation, and Community Engagement
Across the interviews, the successful deployment of VPPs by rural electric cooperatives
depended significantly on three core concepts: flexibility, cooperation, and engagement. These
concepts can provide solutions to overcome the inherent challenges presented by the nascent VPP
market and lack of standardization, ultimately enabling co-ops to enhance their operational

effectiveness, adaptability, and community support.

5.2.1 Flexibility in Technology and Policy Adoption:
Flexibility is crucial for co-ops to navigate the rapidly evolving landscape of VPP
technologies and regulatory frameworks. By adopting a flexible approach, co-ops can:

1. Adapt to Technological Changes: Co-ops can adopt modular and scalable VPP systems
that allow for incremental upgrades as newer technologies become available. This
approach mitigates the risk of obsolescence and ensures that the systems remain at the
forefront of technological advancements.

2. Innovative Financing and Business Models: Flexibility in financial modeling, such as
offering various financing options like on-bill financing, grants, and incentives, can make
the initial costs of DERs more manageable for members. Flexible business models,
including partnerships with technology providers, can also spread out the investment risks

associated with VPPs.
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3.

5.2.2

Tailored Solutions for Diverse Needs: Given the varied nature of the communities they
serve, co-ops can develop VPP solutions that are customized to local needs and conditions,

enhancing the effectiveness and acceptance of these programs among their members.

Cooperation among Stakeholders & Cooperatives

Cooperation among co-ops, members, and other energy stakeholders is essential for sharing

resources, knowledge, and best practices in VPP deployment. Cooperative efforts can be

manifested in several ways:

1.

5.2.3

Partnerships with Technology Providers: By collaborating with developers of DER
technologies and VPP platforms, co-ops can gain access to cutting-edge solutions and
shared expertise, which can facilitate smoother integration and operation of VPPs.

Joint Ventures with Other Co-ops: Collaborations with other rural electric cooperatives
can allow co-ops to pool resources, share costs, and mitigate risks associated with VPP
projects. These partnerships can also foster a more standardized approach to VPP
deployment across different regions.

Engagement with Regulatory Bodies: Active cooperation with local, state, and federal
regulatory agencies can help co-ops influence policy-making processes that affect VPP
operations. This includes advocating for favorable regulatory conditions that support the

financial and operational viability of VPPs.

Community & Member Engagement

Member and community engagement is vital for the acceptance and success of VPP

initiatives. Co-ops need to focus on:

1.

Educational Initiatives: Providing ongoing education and information about the benefits
and operations of VPPs can help demystify the technology for co-op members and foster a
deeper understanding of how individual and collective contributions support broader grid
stability and sustainability.

Transparent Communication: Keeping lines of communication open with members
about the goals, processes, benefits, and challenges of VPP projects ensures that member
expectations are managed effectively. Transparency in operations and results also builds

trust and strengthens member relationships.
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3. Incentive and Reward Programs: To encourage participation, co-ops can develop
incentive programs that reward members for their contributions to the VPP, such as
reduced electricity rates, rebates, or direct payments for energy provided back to the grid.

By embracing flexibility in their operational and technological strategies, fostering cooperation
among a broad network of stakeholders, and actively engaging with their member base, rural
electric cooperatives can effectively implement VPP programs. These strategies not only address
the challenges of the nascent VPP market but also align with the cooperative principles of
democratic member control, economic participation, and concern for the community, thereby
enhancing the resilience and sustainability of rural electric grids.

6 Conclusion, Recommendations, and Limitations
Rural electric cooperatives (co-ops) face distinct challenges and opportunities in the

virtual power plant (VPP) market due to its newness and lack of standardization. Despite these
obstacles, co-ops can succeed with a focus on flexibility, cooperation, and community
engagement. Flexibility allows co-ops to adapt to technological changes and regulatory shifts
without disruptions. By adopting flexible technological solutions and financing models, they can
integrate distributed energy resources (DERS) into their systems, reducing the risk of
obsolescence. Cooperation among co-ops and with external stakeholders, such as technology
providers and regulatory bodies, is essential. Collaborative efforts lead to shared learning, cost-
sharing, and standardized approaches, benefiting the entire cooperative network. Partnerships
also help in advocating for favorable regulatory frameworks supporting VPPs' economic and
operational viability. Community engagement is critical. Co-ops can secure member
participation by communicating VPPs' benefits, like grid stability, cost savings, and energy
independence. Educational initiatives that demystify VPP technology foster trust and support
among members, ensuring active community backing. Addressing initial high costs and

operational complexities is vital. Co-ops should explore innovative financing models, such as on-
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bill financing, grants, and incentives, to reduce the financial burden on members. Supporting
policies should make renewable energy technologies and energy efficiency upgrades accessible
and affordable, especially in rural areas. By leveraging their community roots, cooperative
business model, and commitment to localized service, co-ops can overcome VPP market
challenges and lead toward a sustainable and resilient energy future. Their successes can serve as
models for similar initiatives worldwide, showcasing the benefits of operational efficiencies, cost
savings, enhanced community relations, and environmental stewardship.

The rest of this section provides a series of recommendations on how VPPs can be
leveraged to spur energy democracy and energy justice in co-op territories, and how co-ops with
limited capacity and low deployment of demand response programs can create their own VPP

programs.

6.1 Utilizing VPPs to Advance Energy Justice and Energy Democracy
Rural co-ops have a unique opportunity to leverage VPPs to enhance wealth for their

member consumers and promote energy democracy and energy justice. VPPs integrate
Distributed Energy Resources (DERs) such as solar panels, battery storage, and demand response
systems to create a virtual power entity that can provide grid services and participate in energy
markets. This technology offers significant potential to decentralize power generation and
democratize energy access, aligning with the cooperative principles of local control and member

benefits.

6.1.1 VPPs as a Lever for Wealth Creation
The cooperative model is inherently suited to the deployment of VPPs. Co-ops are

member-owned and operate on a not-for-profit basis, focusing on providing benefits to their
members rather than maximizing profits. This structure allows co-ops to prioritize investments in
DERs that serve the community's needs, such as reducing energy costs, improving grid resilience,

and supporting local economic development. VPPs enable co-ops to generate revenue by
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participating in energy markets and providing grid services such as frequency regulation, voltage
support, and demand response. For instance, Green Mountain Power in Vermont has successfully
utilized residential batteries to avoid peak demand charges and generate revenue from grid
services, which is then reinvested into the community.

By integrating DERs into a VPP, co-ops can reduce their reliance on expensive peaker
plants and lower their overall energy procurement costs. This cost reduction can be passed on to
members through lower electricity rates. Additionally, VPPs can defer the need for expensive grid
infrastructure upgrades by managing demand and smoothing out load peaks. Investment in DERs
creates local jobs in installation, maintenance, and operation of these systems. By supporting local
businesses and workforce development, co-ops can stimulate economic growth within their

communities.

6.1.2 VPPs as a Level to Promoting Energy Democracy
VPPs offer a pathway to greater community engagement and empowerment in the energy

sector. By decentralizing energy production and management, VPPs enable local communities to
have a direct stake in their energy futures. This participatory approach aligns with the principles
of energy democracy, where decisions about energy production and distribution are made
collectively by those most affected. VPPs can be structured to ensure that DERs are owned by the
community or the co-op members themselves, fostering a sense of ownership and control over
local energy resources. This aligns with the principles of energy democracy, which emphasize
local and equitable control over energy systems.

Co-ops can design VPP programs to be inclusive, ensuring that low-income households
and marginalized communities have access to the benefits of DERs. This can be achieved through
targeted incentives, on-bill financing, and grants that reduce the upfront cost barriers for

participating in VPPs. Co-ops operate on a democratic governance model, where members have a
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say in decision-making processes. This model can be leveraged to ensure that the deployment of
VPPs aligns with the community's values and needs, promoting transparency and accountability

in energy decisions.

6.1.3 VPPs as a Lever to Promote Energy Justice
VPPs can help address energy inequities by providing affordable and reliable energy to

underserved communities. By reducing energy costs and enhancing grid reliability, VPPs can
alleviate energy poverty and improve living conditions for low-income households. VPPs support
the integration of renewable energy sources, reducing reliance on fossil fuels and lowering
greenhouse gas emissions. This transition to cleaner energy sources can significantly improve air
quality and public health in rural communities, which often suffer from higher pollution levels due
to proximity to peaker plants.

VPPs enhance grid resilience by distributing energy resources across a network, making it
less vulnerable to disruptions. This resilience is particularly important for rural areas that are more
prone to extreme weather events and grid failures. By ensuring a stable and reliable energy supply,
VPPs can help rural communities better adapt to climate change impacts.

One of the main barriers to VPP deployment is the high upfront cost of DERs and the
necessary control infrastructure. Co-ops can address this challenge through innovative financing
models, such as on-bill financing, grants, and partnerships with technology providers.
Additionally, leveraging federal and state incentives can reduce the financial burden on co-ops and
their members. Integrating diverse DERs into a cohesive VPP requires advanced control systems
and expertise. Co-ops can overcome this barrier by partnering with technology providers and
investing in workforce training programs to build the necessary skills within the community.

Existing regulatory frameworks may not fully support the integration of VPPs into the grid. Co-
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ops can play a proactive role in engaging with regulators and advocating for policies that facilitate

VPP deployment and recognize the value of distributed energy resources.

6.2 VPP Considerations for Co-ops with Low DER Investment
“When you know one co-op, you only know one co-op.” This saying captures the essence

of the diverse and unique nature of rural co-ops across the United States. Each co-op operates
under different conditions, serves varying member needs, and faces distinct challenges.
Consequently, the extent to which co-ops have invested in advanced technologies like demand
response, DERs, and VPPs varies dramatically. While some co-ops have made significant strides
in integrating these technologies, many others have limited investments and face substantial
barriers to adopting such innovations. Much of this paper relies on the experience of rural co-ops
that have made significant investments in deploying VPPs. While this demonstrates how
successful co-op-led programs can be implemented, it lacks guidance for co-ops with limited
investments in DERs and VPP-enabling technologies on how to create their own VPP programs.
This section provides some recommendations that rural co-ops with limited DER investments

can consider to deploy their own VPP programs.

6.2.1 Strategic Planning and Technical Development
To begin with, co-ops need to understand the fundamental concepts and benefits of VPPs

and DERMS. A VPP aggregates various DERs, such as solar panels, battery storage, and demand
response systems, to form a single virtual power plant that can provide grid services and
participate in energy markets. DERMS are software platforms that manage and optimize the
operation of these distributed resources, enabling co-ops to efficiently control and dispatch DERs
to meet grid demands and provide ancillary services (Omotoso & MacAvoy, 2023).

Building the necessary technical capabilities is crucial for co-ops. This includes investing
in software platforms for DERMS that can integrate with existing grid management systems.

These platforms should be capable of handling real-time data, forecasting demand and
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generation, and executing control commands to balance the grid. Training staff and collaborating
with technology providers can help co-ops build the expertise needed to operate these advanced
systems (Omotoso & MacAvoy, 2023). Implementing scalable and flexible solutions that can
grow with the co-op's needs is essential. Starting with pilot projects can help co-ops test and
refine their VPP strategies before expanding. Flexible solutions that accommodate various DERs
and adapt to changing grid conditions will be more effective in the long run. Cloud-based
orchestration platforms, for example, can provide the scalability and flexibility needed to manage

a growing portfolio of DERs (Camus Energy, 2022).

6.2.2 Financial and Regulatory Considerations
One of the primary considerations for co-ops looking to develop VPP programs is

leveraging federal and state incentives. The U.S. Inflation Reduction Act provides significant
financial support for clean energy projects, including grants and loans specifically for electric
cooperatives. These funds can be used to offset the initial costs of DERs and VPP infrastructure,
making it more feasible for co-ops to invest in these technologies (Utility Dive, 2023).
Navigating regulatory and policy challenges is another critical consideration. Co-ops must stay
informed about relevant regulations and work with policymakers to create a supportive
environment for VPP development. This includes advocating for policies that recognize the
value of distributed resources and provide fair compensation for the services they provide.
Collaborative efforts with other co-ops and industry stakeholders can strengthen advocacy efforts

and lead to more favorable regulatory outcomes (Utility Dive, 2023).

6.2.3 Community Engagement and Cybersecurity
Successful VPP programs require active engagement and participation from member-

consumers. Co-ops should educate their members about the benefits of DERs and VPPs,
including potential cost savings, increased reliability, and environmental benefits. Incentive

programs, such as rebates for installing solar panels or battery storage, can encourage members
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to invest in DERs. Clear communication about how member data will be used and the benefits of
participation can build trust and support for VPP initiatives (Abhyankar et al., 2023).

As co-ops adopt more advanced technologies, ensuring cybersecurity is paramount.
Protecting DERMS and VPPs from cyber threats involves implementing robust security
protocols, regular monitoring, and updating systems to address vulnerabilities. Co-ops should
also provide training for staff on cybersecurity best practices and establish clear procedures for
responding to potential cyber incidents (Omotoso & MacAvoy, 2023).

By addressing these key considerations, rural electric cooperatives can successfully
develop and manage their own VPP programs. Leveraging federal and state incentives,
enhancing distribution-level visibility, building technical capabilities, implementing scalable
solutions, engaging member-consumers, addressing regulatory challenges, enhancing
cybersecurity, and building partnerships are all critical steps in this process. Through strategic
planning and collaboration, co-ops can harness the benefits of VPPs to provide reliable,
affordable, and sustainable energy to their member-consumers, while also promoting energy
democracy and justice.

6.3 Limitations of this Study and Areas of Future Research

In this study, I adequately describe the various barriers and opportunities to VPP liftoff by
matching points from the VPP literature to industry insights gathered from co-op staff interviews.
However, my work has real limitations. First, given the time constraint and the quality of each
interview, my analysis captures various VPP barriers and opportunities only at a very high level.
Additionally, I took a scattered coding approach, with my codes largely coming from the literature,
and while I did “ground” my analysis by creating new codes throughout the coding process, a more
serious coding approach that is based on some theoretical framework would be able to find missed

details within my data.
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Another factor is that most of the co-op staff whom I interviewed were based in departments
that had oversight of DERMS operations and management; however, as my paper points out,
creating a DERMS program is a task that takes coordination across multiple utility departments,
including planning, member engagement, and regulatory services. While I was able to interview
some staff from departments like planning and member services, future research in this space
should consider speaking with additional co-op staff within the same cooperative to understand
the various challenges and opportunities co-op staff members face in coordination across different
departments. Finally, my work only considers that perspective of rural co-ops, and in order to get
a holistic picture of VPP development in the co-op space, future researchers should also consider
interviewing third-party aggregators, DERMS providers, and industry associations to understand

their perspective on working with co-ops to create VPP solutions.
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7 Appendices

7.1 Appendix A: Full Interview Protocol

Introduction
Thank you again for meeting with me today. As brief background to our conversation, I am a

graduate student at the University of Minnesota’s Humphrey School of Public Affairs. For my
final capstone project, I am conducting a research project to inform how rural electric
cooperatives in the United States are conducting planning, operations, and deployment of
distribution-side resources to meet long-term co-op goals of reliability, sustainability, and

affordability.

Some examples of these resources could be distributed energy resources, such as electric
vehicles chargers, smart thermostats, distributed generation & storage, heat pumps, or other
general load-management technologies/programs. Some cooperative utilities are meeting these
goals through aggregation of distributed energy resources by implementing distributed energy
resources management software (DERMS) or through virtual power plants. My questions today
are aimed at answering the overarching research question of this study: What kinds of
coordination, planning activities, and investments are rural electricity cooperatives
thinking about to enable distribution-side assets to advance system-level goals of reliability,

affordability, and sustainability?

I am speaking with staff members from your cooperative, along with other cooperatives

throughout the country, to understand how consumer-owned utilities are thinking about

programs, policies, and processes that can support virtual power plant development.
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If it is okay with you, I would like to record our conversation so that I can summarize your

responses in an eventual summary document. All takeaways would be anonymized to protect

your identity. Furthermore, while your participation in this study poses little risk to you or your

organization and nor does it provide any direct benefits, your participation in this study is

completely voluntary. You can choose to leave at any time you see fit. I’ll also be taking some

notes on our computers as I go. If it is okay with you, I would like to now begin recording.

1)

2)

3)

4)

Interview Questions:
Could you briefly take a moment to introduce yourself, your role, how long you’ve been

with the organization, and what your general duties are?

Thinking about distribution-side resources (e.g. DERSs such as electric water heaters,

heat pumps, solar + storage, electric vehicles, demand response, etc.), what programs

are in place to deploy these assets?

a) Prompt: How effective have been these programs?

What value do these resources currently — or will in the future — provide to the larger

system in the form of energy, capacity, reliability, or other value streams?

a) Prompt: What is the history of deploying load-control w ithin the co-op system?

b) Prompt: What best-practices have you gained form these programs/policies/technologies?

Thinking more broadly, what challenges hinder distributed-side resources from

providing system-wide value?

a) Prompt: What challenges hinder the deployment of DERMs/VPP programs within the
cooperative system?

b) Prompt: Specifically, what challenges do the enrollment, upfront cost, and lack of

standardization pose for distribution side resources?
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5) What kinds of process do you currently have in place to take into account distribution

side resources into your long term planning processes?

a)
b)

c)

d)

Prompt: What processes are you considering for the future?

Prompt: How are DERs incorporated into your long-term resources planning process?
Prompt: How are DERSs incorporated into long-term distribution (or transmission)
planning?

Prompt: What kinds of stakeholders do you consider when incorporating distribution-side
assets, such as DERs or load-management technologies/programs, into long-term
planning process?

Prompt: What role do virtual power plants, DERMS programs, or resource aggregation
programs play in long-term planning processes?

Prompt: What current or future rules — such as data sharing between distribution
cooperatives and G&Ts, flexible financing and power supply contracts, etc. — can enable

distribution side resources from providing system-level benefits?

6) What potential, if any, do you see for DERSs to derive value from the bulk power

system?

a)

b)

Prompt for G&T & Market-Facing VPPs: How does the absence of rules for DER

aggregation or FERC 222 in your RTO present challenges for your cooperative and VPP

program?

1) Follow up: What programs/process/policies is your cooperative implementing to
generate value from the bulk-power system in the short term?

Prompt for Distribution Cooperatives only: What are ways that you’re working with your

wholesale power supplier to leverage the value of distribution-side assets, such as

distributed energy resources or load-management technologies/programs?
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7)

8)

9)

What kind of capacity are you building to support the integration of distribution-side

resources?

a) Prompt: What kinds of partnerships are you building?

b) Prompt: What kinds of hardware or software are you considering?

c) Prompt: How are you increasing your staffing capacity to meet future DER needs?

d) Prompt: What role do you think third-party providers of DERMS or VPPs play in
leveraging distribution-side resources to provide system-level value?

How are you thinking about delivering the benefits of electrification, and distributed

energy resources more generally, to the end user to incentivize further adoption of these

assets?

a) Prompt: How might you leverage the benefits provided by your distribution-side assets to
compensate members and further incentivize DER adoption?

b) Prompt: What consumer protection rules/programs/policies do you have in place to
deliver the full benefits of electrification to the end-user?

Is there anything today I asked which was unclear or are there any questions that you

wished I asked today?

a) Prompt: How do you think your VPP program can evolve in the future?
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7.2 Appendix B: Full List of Codes and their Definitions

Big Brother

Competition

Coordination

DER Acquisition
DER Enrollment

Governance

Inertia

Limited Capacity

Nascency

Process and Program Development

Regulatory
Workforce

Hardware Capacity
Software Capacity

Staff Capacity

Partnerships

Barriers

Any text where the interviewee mentions
distribution co-ops not willing to share data or
control with the G&T co-op.

Any text about competition between a co-op
and a third-party provider (e.g. third-party
DER installer or aggregator)

Any challenges arising due to a lack of
coordination (at the state/regional level, co-op
level, or between co-ops and other orgs.)

Any barriers, such as upfront cost, related to
procuring DERSs or related software/hardware.
Any barriers related to enrolling customers to
the DER or VPP program.

Describes any governance barriers (including
board of directors, voting, contracts, etc.) that
hinder the deployment of DERs/VPPs

Any text that describes inertia (technological,
organizational, regulatory, etc.) as being a
challenge for VPP innovation.

Any text that mentions limited staff,
hardware, software, or resource capacity as
being a barrier

Any text that mentions nascency as being a
barrier to VPP deployment.

Any text that mentions challenges with
process and program development

Any text that mentions regulatory barriers
Any text that mentions workforce barriers as
being a challenge to VPP and DER
deployment

Capacity Building

Any text that describes any new hardware that
co-ops had to acquire to operationalize VPPs
Any text that describes new software that co-
ops had to acquire to operationalize VPPs
Any text that describes different types of
staffing capacity for virtual power plant or
deployment

Any text that describes any new partnerships
that the co-op is pursuing to deploy VPPs.

Rates and Compensation
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Behavioral Rates Describes rate structures like time of use rates
that modify consumers’ behavior through
price signals.

Direct Compensation Describes any incentive or rate structure that
provides a flat compensation to consumers
and DER offtakers for their ability to be
controlled by the co-op.

Incentives to the Distribution Co-op Describes any economic incentives at the
distribution co-op level that might drive VPP
investment

Performance-based Incentives Describes any incentive program that reward

consumers on their DER performance. This
shows up mainly in the form of three-part rate
structures.
Wholesale Rates Describes any value that is derived form
wholesale markets.
Existing Programs

Best practices and learned lessons Describes any best practices from legacy
demand response programs that could transfer
over to VPP programs.

Communication strategy Describes any legacy communication and
control strategies
Demand Response Describes each co-op’s demand response
capabilities
Phasing out legacy systems Describes each co-op’s plans to phase out

legacy infrastructure and practices.
Planning Rules & Considerations

Distribution Planning Any considerations for distribution planning

Resource & Transmission Planning Any considerations or rules for bulk power
system planning

Integrated Planning Considerations Any current or future planning rules or
considerations that would enable integrated
planning

Solutions
Co-op Principles Describes any solution to co-op led VPP

deployment that utilized one of the seven co-
op principles.

Member Consumer Buy-in Describes any solution that hinges on
engaging the member consumer.
Coordination Describes any solution in which coordination

was required across various stakeholders in
order to deploy VPP programs.

Services provided by G&T Describes any services provided by a G&T to
their member co-ops that enabled VPP
deployment

Flexibility Describes any text in which flexibility was

ingrained into the program design
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Member Co-op Buy-in

Ownership Model
Purchasing and Financing
Policy and Regulation

Workforce Solutions
Standardization Solutions

Describes any test in which the G&T was
required to garner buy-in and trust form their
member distribution co-ops.

Describes any innovative ownership models.
Describes any innovative purchasing and
financing models.

Describes any policy and regulatory solutions
enabling VPP development in the co-op
space.

Describes any workforce solutions

Describes any solutions around creating VPP
standards and streamlining processes.
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