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1 Executive summary

WIRES commissioned London Economics International LLC (“LEI”) to prepare a whitepaper that
explores various advanced technologies and innovative practices used in the electric transmission
sector.! LEI conducted extensive research to explore the wide range of innovations in siting and
design, construction, and operating practices (“Innovative Practices”), as well as software and
hardware that can be associated with advanced transmission technologies (“ATTs”). Based on
interviews, independent research, and a survey of transmission owners (“TOs”) and technology
providers operating across the U.S., LEI identified numerous successful implementations of
Innovative Practices and ATTs by TOs. LEI has compiled a sample of these real-world case studies
in an effort to provide broader awareness of the diverse universe of Innovative Practices and
ATTs and their use by TOs.

1.1 ATTs and Innovative Practices are being leveraged alongside traditional capital
investment to meet the needs of customers

Cost-effectively expanding the transmission system is critical to supporting economic
development and reliably serving the needs of all customers and becomes increasingly important
in times of accelerated demand growth, replacing aging infrastructure, and improving overall
system reliability and resiliency in the face of more frequent extreme weather events. Investments
in the transmission system can also yield substantial positive effects on the U.S. economy.2 ATTs
and Innovative Practices can be part of the solution for meeting this demand. Although they are
not a substitute for traditional transmission infrastructure that needs to be built to support
economic development and customer demands for reliable service, they can be thought of as one
of the tools in the toolbox to complement and supplement traditional transmission system capital
investments. In fact, and as explored in further detail throughout this whitepaper, many TOs
across the country are already leveraging ATTs in their service territories and deploying
Innovative Practices and continue to evaluate potential use cases.

1.2 The universe of ATTs and Innovative Practices is broad, and the potential
benefits of their deployment are wide-ranging

To date, there has been no industry-wide accepted definition of ATTs. LEI has observed that the
term “ATTs” is commonly used in a narrow construct to refer to specific equipment, such as
advanced conductors, or a particular segment of transmission system applications, such as grid
enhancing technologies (“GETs”). GETs are a subset of ATTs and encompass technologies that
have the ability to increase electricity transmission capacity on existing power grid infrastructure,
including dynamic line ratings (“DLRs”), advanced power flow controllers, and topology
optimization. As described in Section 2 of this whitepaper, the definition of ATTs should include

1 LEI is a US-owned and operated global economic, financial, and strategic advisory professional services firm with
extensive, in-depth experience in the electric transmission sector. See Appendix D (Section 8) for further
details regarding LEI's transmission qualifications.

2 Construction of new transmission amounts to increased construction-related spending and creation of new
construction and technical jobs. There are also major positive spillover effects to other areas of the economy
through expansion of domestic manufacturing and increased spending by construction workers on other
goods and services. See LEL. Repowering America: Transmission investment for economic stimulus and climate
change. May 2021.
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all advanced applications of hardware, equipment, and software, whereas Innovative Practices
extend to a wide range of innovations in siting and design, construction, and operating practices.
Together, ATTs and Innovative Practices can be thought of as making up the “ATT+” universe.

The complete list of technologies that LEI explores in this whitepaper is presented in Figure 1
below, organized by transmission lifecycle stage. In terms of siting and design, LEI includes
Innovative Practices that either expedite the development of needed transmission projects or
enable more efficient project designs. For construction, LEI includes Innovative Practices that
speed up construction of transmission projects and/or provide cost savings related to
construction. For operations, LEI includes ATTs and Innovative Practices that have the potential
to improve the operations and maintenance of the transmission system. Appendix A (Section 5)
contains a comprehensive description, including real-world case studies, of all ATTs and
Innovative Practices summarized in Figure 1 that comprise the ATT+ universe.

Figure 1. ATT+ universe examined by LEI, organized by transmission lifecycle stage
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Note: LEI sought to be as comprehensive as possible in its review of ATTs and Innovative Practices. As technology
advances continue, this list will need to be expanded to capture commercialization achievements and deployments.

Given the diverse range of ATTs and Innovative Practices considered by LE], it should come as
no surprise that the potential benefits differ, depending on the technology and application. In
considering the deployment of ATTs and Innovative Practices, LEI learned through its surveys
and interviews that TOs carefully weigh the potential technology-specific benefits against the
costs of deployment when evaluating potential solutions. Given the need for TOs to ensure
-5-
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reliability and cost-effectiveness of investments, TOs evaluate the benefits and costs applicable to
their unique service territories and operating conditions when assessing ATTs and Innovative
Practices. Generally, the identified potential benefits can be classified in terms of (a) enhancing
transmission capacity, (b) reducing costs to customers, and (c) improving bulk power system
reliability and resiliency. These benefit categories are not mutually exclusive - an ATT or
Innovative Practice can provide benefits in one or several of these categories. See Section 2 for
case study examples of different ATTs and Innovative Practices, as well as further discussion of
their potential benefits.

1.3 Lessons learned from TOs that have successfully deployed ATT+

TOs have significant experience with ATTs and Innovative Practices (referred to collectively as
ATT+). Based on the surveys administered by LEI (with support from WIRES) to both TOs and
equipment vendors and service providers active in the U.S. transmission sector, LEI found that
ATT+ are currently being implemented across the country - spanning different service territories,
business models, and regulatory frameworks. LEI also found that the majority of TOs are
evaluating the potential use cases of at least one ATT or Innovative Practice as part of their
planning processes. LEI showcases examples of successful deployments of a selection of ATT+ in
Section 2.3.

From the compiled survey results, follow-on interviews with TOs and technology providers, and
the resulting case studies, LEI has identified three primary lessons learned from deployments to
date.

First, given the breadth of LEI's ATT+ universe, it naturally includes technologies at various
stages of readiness, from more mature technologies that TOs have already begun to implement
(see Section 2.3 for examples), to less mature technologies that are being evaluated and in some
cases tested in the field, commonly characterized as “new” and “cutting edge”. Because electricity
transmission supports all sectors of the economy, keeping the lights on by providing safe and
reliable electricity service at reasonable cost is of the utmost importance.3 As a result, regulators,
system planners, and TOs responsible for maintaining reliable service to customers tend to use
technologies with proven track records over technologies that are not yet commercially available
and widely deployed, or have contingent benefits, uncertain costs, or performance characteristics
that are not well defined. This preference for technologies with proven track records is a necessary
feature of any well-functioning industry where reliability is paramount. Indeed, this preference
is one of the most common rationales that economists provide for why government support is
needed to foster an optimal level of research and development (“R&D”) and deployment of
innovative technologies.* This preference for technologies with low uncertainty (and therefore

3 For example, as noted in a FERC primer, “[m]odern society has come to depend on reliable electricity as an essential resource
for national security, health and welfare, communications, finance, transportation, food and water supply, heating,
cooling, lighting, computers and electronics, commercial enterprise, and even entertainment and leisure — in short, nearly
all aspects of modern life.” (Source: FERC. Reliability Primer. May 11, 2020. P. 9)

4 Without government support, economists argue that innovation would be “under-supplied” by the private sector
because it is a public good that is non-rivalrous (i.e., supply of the good does not dwindle or lessen in quality
as consumption of the good increases) and non-excludable (i.e., the good is available to all). In this way,
innovation is a public good in economic theory because the knowledge and best practices gained through it
are available for use by everyone and will not depreciate as consumption of this knowledge through
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known benefits and costs) is not unique to the electric transmission sector, and in fact is an
obstacle that emerging technologies face in most industries where ensuring reliability is a
paramount objective. Although this reliability-centric profile is a well-understood/accepted
approach to adoption of “new” practices and technologies in the electricity sector, it nonetheless
can appear to dampen the pace of ATT+ adoption. Regulators and other stakeholders should
recognize this and, together with TOs, support knowledge sharing and education, which can help
ease uncertainty with further deployment of ATT+.

Second, to justify the deployment of certain ATT+, a long-term benefit valuation horizon,
formulation of expectations on future transmission usage patterns, and/or presence of precedent
conditions may be necessary. In many ways similar to traditional transmission investment,
capturing the economic value (benefits) of certain ATT+ deployments requires a forward-looking
assessment and projections around future transmission system use. Even those with relatively
low investment costs may require certain expected conditions (for example, transmission
congestion) to be present in order to create value in their deployment. Stakeholders, including
regulators, tend to be skeptical when benefits are linked to forward-looking estimates because of
the inherent uncertainty in forecasting future dynamics, particularly when those forecasts extend
decades into the future. Skepticism around future benefits, especially from regulators and siting
authorities, was recognized by equipment suppliers and some TOs as a barrier to accelerated
deployment of certain ATT+, especially when there are significant investment costs to tap into
these benefits. In addition, through the interviews, LEI learned that regulators favor (or at least
put more weight on) projects that are expected to result in benefits in the near term, which may
lead to incomplete cost-benefit analyses, especially in light of how much the power system is
expected to change in the next few decades. This may lead to a situation where the longer-term
expected grid performance benefits that are often associated with deploying ATT+ are
downplayed, thus biasing against higher capital cost ATT+ that may arguably deliver additional
benefits when considered over the longer term. In summary, adoption of a longer-term planning
horizon and explicit acknowledgement of uncertain future trends in demand and supply, both of
which are now required as part of FERC Order 1920,5 are important when considering the benefits
of ATT+. Moreover, regulators and other stakeholders need to have access to relevant
information when deciding on investments to be made.

Third, the idea that different financial incentives apply when it comes to capital spend versus
managing operating costs, which some stakeholders argue impacts and influences TO decision-
making away from some ATT+ under certain circumstances, is a flawed generalization of the
multi-faceted process that TOs undertake to design transmission solutions. The accounting
classification of varying ATT+ - if it is a capitalized expense or if it impacts operating costs - will
create different financial consequences to a TO in the short and longer term. But it is inaccurate
and overly simplified for opponents to claim that TOs do not benefit financially from ATT+ that
impact operating costs because of the cost-of-service environment. In reality, the financial
incentives and business factors that drive investment and operating decisions of TOs are much
more complex, because of the multiple objectives that TOs need to meet (reliability, policy, and
overall cost minimization) and constraints they face in their regulatory and business

technology applications increases. See for example Kaul, Inge. “Global Public Goods: Explaining their
Underprovision.” Journal of International Economic Law. September 14, 2012.

5 FERC. Explainer on the Transmission Planning and Cost Allocation Final Rule. September 25, 2024.
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environments. Nevertheless, aligning financial incentives and implementing regulatory
mechanisms that can level the playing field across ATT+ and relative to traditional transmission
capital investments will expand the options that TOs can consider, improve the flexibility of TOs
to respond, and allow TOs to simultaneously optimize over their multiple objectives, for the
ultimate benefit of electricity customers.

See Section 3 for further details of the lessons learned from TOs that have adopted a variety of
ATTs and Innovative Practices to date, and the challenges they have faced in the process.

1.4 Recommendations for facilitating ATT+ consideration in transmission planning
and operations

Informed by the experiences of TOs that have deployed ATT+, and information collected from
equipment vendors and service providers across the country, LEI has developed five
recommendations that could be executed at the federal and/or state level to support more
extensive consideration and potential implementation of ATT+. These recommendations include:

1. Streamlining and facilitating collaborative pilot projects among TOs, through which
TOs can more fully evaluate and consider deployment of ATT+. A collaborative pilot
environment will allow TOs to effectively consider expanded new technology adoption
by leveraging experiences and lessons learned from pilot projects. Regulatory support can
come through fast-tracking approvals and providing constructive regulatory policies for
such an initiative. LEI would recommend a shared resource repository as part of this
collaborative pilot project environment, where tools and resources accumulated during
pilot projects could be accessed by other participating TOs;

2. Adopting a proactive, long-term planning and investment outlook using scenario
analysis to assess how system needs may evolve over time, in order to more effectively
evaluate certain ATT+ within the portfolio of solutions available to TOs. This
recommendation recognizes that transmission project evaluation processes today tend to
focus primarily on what is lowest cost, which may be inconsistent with advancement of
ATT+ deployment. Therefore, a change is needed in the evaluation framework. The
recommendation for scenario analysis around future needs, with a focus on the long term,
is generally aligned with FERC Order 1920, which requires transmission providers to
utilize longer-term (20-year) scenario planning when selecting proposed transmission
facilities.¢ LEI's recommendation would extend this approach to suggest regulators
provide flexibility for TOs to consider evaluation of ATT+ where it is demonstrated to be
the most net beneficial alternative to more traditional transmission investments;

3. Establishing a process for the ongoing monitoring of ATT+, so that once a new
technology reaches a certain Technology Readiness Level (“TRL”), that information is
shared with TOs, regulators, and stakeholders. This will in turn allow for vital information
dissemination and expanded consideration of ATT+ (if relevant and cost-effective relative
to expected benefits), leveling the playing field between ATTs and Innovative Practices
and more traditional transmission investments;

6 Ibid.
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4. De-risking applications of ATT+ by reducing regulatory uncertainty through the use
of regulatory sandboxes. A regulatory sandbox, used in jurisdictions such as Ontario,
Canada and the United Kingdom, is essentially a lower risk testbed to deploy innovative
products, technologies, and services, by providing regulated entities with certainty or
clarity from their regulator that a proposed approach is permissible, or by providing
temporary relief from a specific rule or regulation that presents a barrier to innovation.
Applying the regulatory sandbox concept to ATT+ could provide TOs with clarity and
confirmation from their regulators and lower the regulatory risk and uncertainty
associated with deploying ATT+ projects; and

5. Aligning financial incentives across all ATT+ and relative to traditional transmission
capital investments. This can be done by allowing for capitalization of certain operating
costs (including training costs associated with deployment of new ATT+) or introducing
tax incentives to facilitate certain ATT+ adoption, particularly for ATT+ that have
potential benefit streams for customers but risks for TOs. In order to facilitate uptake,
applications for these incentives should not be overly burdensome, with more extensive
application requirements reserved for deployments that present more significant
investments.

See Section 4 for further details on these five recommendations.
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2 Overview of ATT+ and potential benefits

21 ATTH+ is part of an evolving transmission system

Demand for electricity across the U.S. is growing rapidly - from the electrification of end-use
energy consumption such as transportation and heating to the expected growth in data centers,
as well as to serve increasing domestic manufacturing needs. For example, the North American
Electric Reliability Corporation (“NERC”) estimates that electricity peak demand will increase by
151 GW over the next decade, which not only represents a 17% increase from current levels,” but
also marks a significant jump from what was projected just a few years ago® - see Figure 2 below.

Figure 2. U.S. peak demand projections, current (green line) versus previous (blue lines)
estimates

1,050
1,000
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900 /

Peak demand grows by 151 GW

GW

asil (17%) over the next 10 years.
800
750
2024 2026 2028 2030 2032 2034

—2022 LTRA 2023 LTRA —2024 LTRA
Source: NERC. 2024 Long-Term Reliability Assessment. December 2024.

Transmission capacity will need to expand in order to support economic development and meet
the rapid increase in electricity demand, while also maintaining system reliability and resiliency
in the face of more frequent extreme weather events across the country. ATT+ can help TOs
address various needs in certain situations and should be thought of as one of the tools in the
toolbox to complement and supplement traditional transmission system capital investments.
ATT+ can provide solutions, some of which can be utilized and deployed relatively quickly and
can be leveraged effectively, depending on the application and expected cost-benefit
effectiveness.

7 NERC. 2024 Long-Term Reliability Assessment. December 2024.

8 For example, NERC’s 2023 Long-Term Reliability Assessment (“LTRA”) estimated a 91 GW increase in peak demand
over the 10-year forecast period.
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2.2 Whatis ATT+?

It is important to first develop a common understanding of what we mean when we refer to
ATT+. Certain ideas and terms are becoming mainstream - such as advanced conductors, as well
as concepts like GETs.% 10 While these terms and concepts are examples of ATT+, they do not
reflect the entire ATT+ universe. This whitepaper examines a broad range of Advanced
Transmission Technologies and Innovative Practices that encompass hardware, equipment,
software, business procedures, engineering design, and regulatory practices that can be deployed
throughout different stages of the transmission system lifecycle, which we refer to collectively as
ATT+. We categorize the ATT+ universe into primary points of impact and realization of benefits
during the lifecycle of transmission - from siting and design, to construction, and operations of
the transmission grid - see Figure 3 below. Figure 1 shown previously on page 5 provides a
complete list of technologies included in LEI's ATT+ universe.

Figure 3. ATT+ categories examined by LEI

Innovative Practices that either expedite the development of

E_l‘é needed transmission projects or enable more efficient project
designs
Innovative Practices that speed up construction of transmission
projects and/ or provide cost savings related to construction
° ATTs and Innovative Practices that have the potential to
c‘_}. improve the operations and maintenance of the transmission

system

In terms of siting and design, this encompasses Innovative Practices that either expedite the
development of needed transmission projects or enable more efficient project designs. This
includes:

e artificial intelligence (“Al”)-powered software that can analyze millions of potential
transmission line routes faster than traditional siting and permitting tools;

e compact line designs, which incorporate more compact transmission structures that take
up less space, as well as high-capacity, high-efficiency transmission line designs that
together can increase transmission capacity along existing rights-of-way; and

e innovative approaches to expediting permitting processes, such as the Coordinated
Interagency Transmission Authorizations and Permits (“CITAP”) Program, which
consolidates federal environmental reviews and authorizations into a two-year window
instead of the typical four-year window.

9 GETs refers to technologies that have the ability to increase electricity transmission capacity on existing power grid
infrastructure, including dynamic line ratings, advanced power flow controllers, and topology optimization.

10 See for example MIT Center for Energy and Environmental Policy Research. A Roadmap for Advanced Transmission
Technology Adoption. September 2024 or DOE. Advanced Transmission Technologies. December 2020.
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As for construction, LEI examines Innovative Practices that speed up construction of
transmission projects and/or provide cost savings related to construction. This includes:

e exoskeletons, which entail adding additional circuits above existing lines, thus increasing
transmission capacity while utilizing existing rights-of-way;

¢ helicrane construction, which uses helicopters to transport and install large transmission
equipment, enabling efficient construction projects, especially in hard-to-reach areas; and

e modular tower raising systems, which facilitate tower raising without needing to de-
energize the existing line, thus avoiding outages and the associated congestion costs for
customers.

Finally, the operations stage encompasses the most diverse range of ATT+, as this category
includes any technology that could improve the operations and maintenance of the transmission
system. LEI groups this list into the following sub-categories:

¢ hardware components include alternatives to what has been traditionally considered
transmission infrastructure such as:

o advanced conductors, which compared to traditional conductors, have lower
resistance (providing energy savings), greater amperage capacity (providing grid
capacity, reliability, and resiliency benefits), and lower thermal expansion
(providing wildfire risk mitigation and grid resiliency benefits);

o advanced flexible transformers, which can adapt to a wider range of voltage ratios
and impedance levels than traditional transformers and can provide reliability
benefits;

o digital substations, which replace the point-to-point copper signaling wires in a
traditional substation with fiber optic communication buses, enabling improved
system visibility and monitoring; and

o gas insulated substations, which house high-voltage components in a sealed
environment filled with insulating gas (as opposed to outdoors, as found in
traditional substations), improving reliability and minimizing space requirements.

e grid enhancing technologies, which, as previously described, can increase transmission
capacity on the existing network and include:

o dynamic line ratings, which monitor weather conditions to enable real-time
adjustments to a line’s carrying capacity;

o advanced power flow controllers, which optimize power flow across a network of
transmission lines by dynamically adjusting line reactance; and

o topology optimization, which re-routes power along optimal paths based on
software that models the grid and monitors real-time operating conditions.

12 -
London Economics International LLC
www.londoneconomics.com



http://www.londoneconomics.com/

e equipment and software to enhance operations and maintenance - this is a multi-faceted
sub-category that includes:

o technologies that advance a TO’s ability to remotely monitor the health of its assets
in real-time and enable predictive maintenance, by leveraging Al-powered
software paired with sensor technologies;

o equipment that enhances asset inspections and maintenance protocols, such as
drones and robotics, as well as light detection and ranging (“LiDAR”), which is a
remote sensing technology that can generate 3D models; and

o innovative approaches to business procedures that improve system reliability and
resiliency, such as using energy storage as transmission assets or leveraging
shared inventories of critical transmission system components.

2.3 Case studies of successfully deployed ATT+

LEI conducted primary research through surveys and interviews of WIRES members in the fall
of 2024 (September through November) to gain first-hand insights from TOs and technology
providers that are currently implementing ATT+ across the country.

LEI issued two surveys - one for WIRES Full Supporting Members (TOs) and one for WIRES
Associate Members (technology providers) - to gather their views on ATT+. Specifically,
members responded to questions regarding what technologies they have implemented to date,
what technologies they have evaluated but decided not to move forward with, as well as their
more general views on the potential benefits of ATT+, barriers to further deployment, and
solutions that could facilitate more extensive consideration and potential adoption of ATT+. LEI
received survey responses from thirteen TOs and seven technology providers, representing a
geographically diverse range of service territories (rural vs urban, cooler vs warmer climates) as
well as experience with a wide range of technologies.

LEI also conducted follow up interviews with seven TOs to learn more about their experiences
with deploying ATT+ to date, as well as with four technology providers to gain a better
understanding of their technology offerings.

Through this research, LEI confirmed that TOs have deployed (or are actively planning to deploy)
projects that incorporate ATT+, as demonstrated in Figure 4 below, which is organized by
technology and category.
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Figure 4. Number of TOs that have deployed ATT+ by technology and category
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Source: LEI's survey of WIRES Full Supporting Members (TOs). Data as of September 30, 2024.

12

The following case studies showcase relevant examples for one technology from each category -
compact line designs as an example of ATT+ in the siting and design stage, modular tower raising
systems as an example in the construction stage, and drones and robotics as an example in the
operations stage. Further details on all of the technologies listed previously in Figure 1 on page 5

are provided in Appendix A (see Section 5 starting on page 36).
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2.3.1 Compact line designs (siting and design)

Traditional transmission lines are built and designed to include significant amounts of space
between conductors for safety reasons.! Generally, lower voltage lines are less efficient than
higher voltage lines; however, higher voltage lines need to be placed further away from objects
that could interfere with them. Right-of-way (“ROW”)12 widths depend on the type and voltage
of a transmission line but are typically between 150-200 feet.!3 In addition to these widths, there
are safety regulations for transmission line clearances. Figure 5 below lists the minimum
clearance distances based on the voltage of the line. These spacing requirements, while necessary
for safety, are costly (as developers need to buy more land to accommodate these requirements)
and create land use constraints.

Figure 5. Minimum transmission line clearance distances based on voltage

Voltage Minimum clearance distance
(nominal, kV, alternating current) (feet)

Up to 50 10
Over 50 to 200 15
Over 200 to 350 20
Over 350 to 500 25
Over 500 to 750 35
Over 750 to 1,000 45

As established by the utility
Over 1,000 owner/ operator or registered
professional engineer

Source: Occupational Safety and Health Administration. Table A - Minimum Clearance Distances.

Compact line designs are, as the name implies, intended to take up less space than traditional
transmission lines.* This is a particularly useful attribute for TOs with dense urban service
territories that face significant space constraints. Figure 6 below demonstrates the compact line
design put forth by BOLD Transmission, LLC, a subsidiary of American Electric Power (“AEP”),
which incorporates towers that are both shorter and narrower at the base than traditional
transmission towers.

11 James Slegers. Compact Transmission Line Design Considerations. January 18, 2012. P. 2.

12 A right-of-way easement is “the right to use land owned by another person for a limited purpose, and compensation for the
easement with each landowner. Landowners may be paid for loss of certain uses of the land during and after construction,
loss of any other resources, and any damage to property.” Source: Federal Energy Regulatory Commission. Electric
Transmission Facilities Permit Process.

13 American Electric Power. Transmission Facts. December 31, 2007. P. 2.

14 Federal Energy Regulatory Commission. Electric Transmission Facilities Permit Process.
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Figure 6. Compact line design example

A 345-kilovolt BOLD transmission tower has a height of 100 feet, while a conventional 345-kilovolt tower
has a height of 145 feet. Image courtesy of AEP.

Source: Sniderman, Debbie. A Smaller, More Efficient Line. EPRI Journal. January/February 2018 Issue No. 1. P. 1.

The first BOLD compact line to enter into service was in 2019 in Fort Wayne, Indiana, in AEP’s
Indiana Michigan Power service territory.1> The existing line in Fort Wayne was a 22-mile long,
138-kV line that was aging and underpowered. AEP elected to evaluate rerouting the existing
transmission line around developed areas. AEP assessed several alternative routes and found
that using the existing ROW would be less costly and reduce impacts to surrounding landowners.
Ultimately, a BOLD transmission line design was selected because it increased span lengths
where height was restricted and decreased the need for easement acquisition, minimizing project
costs.16

As such, the benefits associated with deploying compact line designs include:
e the narrower design allows for a transmission project’s corridor width to be reduced,

which minimizes ROW /easement requirements and thereby reduces development costs;

e the narrower design is also less impactful to surrounding landowners and the
environment; and

e use of a high-capacity, high-efficiency transmission line design increases transmission
capacity (by up to 60% according to BOLD).

15 BOLD Transmission. BOLD: A Perspective from Siting, Project OQutreach and Environmental.
16 BOLD. Delaware — Wes Del 138-kV Line Rebuild.
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2.3.2 Modular tower raising systems (construction)

Ampjack’s Tower Raising system is a hydraulic system that mounts to the inside body of an
existing transmission line tower, enabling the tower to be raised and new tower framing to be
installed, all without needing to de-energize the existing line. This is a major value-added
proposition, as line outages typically have to be taken to integrate new equipment, which can
create congestion on the system (leading to higher costs of energy for customers), and in some
cases, may even result in service interruptions to customers - these issues can be circumvented
by leveraging modular tower raising systems. In addition, increasing the height of existing
transmission towers through tower raising can not only address potential clearance and safety
issues, but also accommodate higher-capacity power lines.

Ampjack has completed over 750 tower raises on a variety of structures spanning across various
jurisdictions.?” For example, Ampjack performed a tower raise on a 220-kV structure for Southern
California Edison (“SCE”) in the Angeles National Forest in 2020.18 The tower raise took six days
to complete and took only three days from the time the Ampjack equipment was delivered onsite.

Figure 7. Ampjack’s Tower Raising system

Source: Ampjack. AMPJACK Tower Raising — The Benefits of our Exclusive System.

Some of the benefits of modular tower raising systems include:
e reducing congestion costs for customers by avoiding outages during the tower raise, given
the existing line does not need to be de-energized; and
e minimizing project costs through smaller installation crews, eliminating the need for
heavy equipment (such as cranes), and reducing right-of-way damage.

2.3.3 Drones and robotics (operations)

Transmission asset inspections and maintenance are typically conducted by engineers climbing
up pylons or using helicopters.1® However, drones and robotics can be leveraged to perform these
tasks, especially in portions of service territories that are either harder or more costly to reach

17 T&D World. Ampjack America Ltd Completes Tower Riase for Southern California Edison. September 25, 2020.
18 Tbid.

19 National Grid. National Grid’s drones: what are they used for? September 10, 2024.
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with linemen and traditional equipment. Drones and robotics encompass several technology
types, including: piloted drones; autonomously flying drones - also called unmanned aerial
vehicles (“UAVs”); as well as rolling robots, climbing robots, brachiating robots, and/or
unmanned ground vehicles (“UGVs”), which can be used for robotic inspection and
maintenance.2

Drones and robotics can also be used to perform aerial asset inspections to detect potential fire
hazards (e.g., vegetation or equipment damage) in remote and hard-to-reach areas. For example,
San Diego Gas & Electric (“SDG&E”), as part of its wildfire mitigation efforts, developed an
Intelligent Image Processing (“IIP”) tool, which leverages machine learning to automatically
identify any damage captured during drone inspections.?!

Figure 8. Example of drones used for power line inspections

Source: Postelwait, Jeff. How Drones Are Revolutionizing Power Line Inspections: Georgia Power’s Success Story. T&D World.
August 19, 2024.

Overall, using drones and robotics to enhance asset inspections and maintenance provides the
following major benefits:22

e improves safety and reduces the risk of injury for maintenance personnel;

e reduces equipment downtime needed for maintenance (given that portions of
transmission lines typically must be de-energized so that crews can safely inspect
equipment - leveraging drones and robotics instead mitigates this requirement); and

e enhances data collection of an asset’s condition, and in some cases, automates issue
detection if Al recognition is used in conjunction with the drones and robotics. This

20 ENTSO-e.
21 SDG&E. 2023-2025 Wildfire Mitigation Plan. October 23, 2023 - Revised April 2, 2024.
22 ENTSO-e.
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reduces the risk of outages and ultimately improves system reliability to the benefit of
customers.

24 How does ATT+ benefit customers?

As demonstrated in the case studies presented in Section 2.3 above, each technology, depending
on the TO and the application, offers a range of benefits to customers. Some benefits are monetary
in nature (e.g., lower cost), some benefits result in operational improvements (e.g., faster
completion of projects or deployment of transmission service, more efficient use of existing
infrastructure), while other benefits relate to reliability of the service provided to customers (e.g.,
fewer outages). Operational and reliability benefits may also ultimately lead to financial rewards
to customers, in the form of opportunity cost savings, depending on the application. Figure 9
below shows the various potential benefit streams identified by TOs and technology providers in
response to LEI's surveys.

Figure 9. Most common potential ATT+ benefit streams identified by survey respondents

Improved system utilization and performance
Expanded transmission capacity
Improved reliability

Improved resiliency

Expanded interconnection of new load and new
generation resources

Improved customer satisfaction

Lower investment costs over lifetime of
investment

Increased personnel safety

Improved system visibility and decision-making
Reduced curtailment of renewable resources
Lower operating costs over lifetime of investment
Lower upfront costs

Lower line losses

Reduced emissions

0o 2 4 6 8 10 12 14 16 18 20

Number of respondents

m TOs (13 total) ® Technology providers (7 total)

Source: LEI's survey of WIRES Full Supporting Members (TOs) and Associate Members (technology providers). Data as
of September 30, 2024.
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Generally, the potential benefits to customers of deploying ATT+ can be distilled into a few
overarching categories:

e ATT+ can enhance transmission capacity in the near-term, and possibly longer-term.
Some ATT+ (for example, GETs) accomplish this by increasing transmission capacity on
the existing network through improved system utilization, while other ATT+ (including
those in the siting and design and construction categories) facilitate further transmission
infrastructure buildout - for example, by expediting the design and construction stages,
by accommodating construction where it may not otherwise be plausible, or by allowing
for an increase in thermal capacity - which may facilitate interconnection of new loads or
new generation.

e ATT+ may reduce costs to customers. Some ATT+ have the potential to reduce costs, all
other things equal, by minimizing the need for other capital investments, or by reducing
the operating costs of providing transmission service. For example, some ATT+ may defer
or avoid the need for transmission upgrades in the near- or longer-term, while others may
enable more efficient use of existing rights-of-way, thus minimizing easement costs (as in
the case of compact line designs or exoskeletons). Other ATT+ may reduce operations and
maintenance costs by enabling predictive maintenance, thereby reducing the need for
truck rolls2 and time spent in the field to diagnose and repair issues (as in the case of Al-
software paired with sensor technologies, drones and robotics, and LiDAR). Other ATT+
reduce costs by avoiding outages during transmission infrastructure upgrades (as in the
case of modular tower raising systems) or by reducing congestion costs and improving
system efficiency (for example, GETs).

e ATT+ can improve bulk power system reliability and resiliency?* in a number of ways,
including by improving a transmission owner’s monitoring capabilities and situational
awareness, preventing outages, enabling grid hardening, speeding up response and
restoration times in the event of an outage, reducing line sag and line losses, as well as
providing other reliability services (such as inertial response, frequency regulation,
voltage support, and reactive power).

A high-level overview of the extent to which each technology contributes to these objectives is
provided in Figure 10 below. These benefit categories are not mutually exclusive - each
technology can provide benefits in one or several of these categories. LEI discusses each
technology and its associated potential benefits in turn in the technology profiles included in
Appendix A (Section 5).

2 A “truck roll” is an industry term for whenever a technician is sent to a customer’s location or designated field site
to resolve an issue or conduct routine maintenance or inspections.

24 FERC has stated that it understands resilience to mean “[t]he ability to withstand and reduce the magnitude and/or duration
of disruptive events, which includes the capability to anticipate, absorb, adapt to, and/or rapidly recover from such an
event.” Source: FERC. Grid Resilience in Regional Transmission Organizations and Independent System Operator.
Order Terminating Rulemaking Proceeding, Initiating New Proceeding, and Establishing Additional
Procedures. January 8, 2018. P. 23.
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Figure 10. Overview of ATT+ and major benefit categories

Potential benefit categories

Enhance Improve
. Reduce costs to . e
ATT+ transmission reliability and
. customers .
capacity resiliency
Siting and design
Al-powered software for siting and permittiy v
Compact line designs v v
Expedited permitting processes v
Exoskeletons v v v
Helicrane construction v
Modular tower raising systems v v

Hardware components

Advanced conductors v v

Advanced flexible transformers

Digital substations
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Gas insulated substations

Grid-enhancing technologies

&

Dynamic line ratings v
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Advanced power flow controllers v

&
&

Topology optimization v

Equipment and software to enhance O&M

Al-powered software paired with sensors

Drones and robotics
LiDAR
Energy storage as transmission assets

NENENEN
NENENES

Shared inventory v

Note: Check marks indicate the core benefit categories that each technology is intended to address. However, empty cells
in the table above do not necessarily indicate that a technology does not contribute to a certain benefit category, but rather
that it may be more of a secondary or indirect contribution.
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3 Lessons learned from deploying ATT+

TOs have significant experience with ATT+, with many TOs across the country already
implementing ATT+ in their respective service territories. Their experiences to date help identify
obstacles to deployment of ATT+ (see Figure 11 and 12 below).

Figure 11. Major lessons learned from ATT+ deployment to date

A Maintaining reliable service at reasonable cost is
paramount, so technologies with proven track
records are generally preferred
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Evaluation of potential ATT+ benefits often limited
by the analysis horizon

Some opponents argue that differing financial
incentives across ATT+ influences TO decision-
making, but this is an over simplification
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Figure 12. Most common ATT+ obstacles identified by survey respondents
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Source: LEI's survey of WIRES Full Supporting Members (TOs) and Associate Members (technology providers). Data as
of September 30, 2024.
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3.1 Maintaining reliable service at reasonable cost is paramount, so technologies
with proven track records are generally preferred

LEI's ATT+ universe is broad, encompassing technologies at various stages of readiness, from
more mature technologies that TOs have already begun to implement (examples of which are
discussed previously in Section 2.3), to less mature technologies that are being evaluated and in
some cases tested in the field, commonly characterized as “new” and “cutting edge”. It is when
these ATTs are characterized as “new” and “cutting edge” by stakeholders, that may prompt
additional analysis of benefits and costs of certain ATT+ deployment.

Preference for technologies with low uncertainty (and therefore known benefits and costs) is not
unique to the electric transmission sector. In fact, the diffusion of innovations theory first
popularized by Everett Rogers in 1962 was focused on the field of communications. The theory
established the technology adoption curve shown in Figure 13 below, which illustrates how
innovations spread throughout society over time, from introduction to widespread adoption.?
The theory posits that widespread technology adoption only occurs as uncertainty decreases and
once there is concrete evidence that the innovation works.2

Figure 13. Technology adoption curve

25%
Innovators

Early
Adopters Early Majority Late Majority Laggards
13.5% 34% 34% 16%

Source: Boston University. Diffusion of Innovation Theory.

In fact, economic theory posits that government support is necessary in order to foster the optimal
level of R&D and deployment of innovative technologies.2” Without government support,
innovation is often “under-supplied” by the private sector.28 This is because innovation is
recognized as a “public good”,? in that it satisfies both the conditions of non-rivalry (i.e., supply
of the good does not dwindle or lessen in quality as consumption of the good increases) and non-
excludability (i.e., the good is available to all). As a result, the overall social benefit of innovation
tends to exceed the private benefit, largely because only the private firms take on the costs and
risk of failure. NASA is an often-cited example of why government support is needed, as it is a

%5 Investopedia. Diffusion of Innovations Theory: Definition and Examples.

26 Boston University. Diffusion of Innovation Theory.

27 See for example Mandt et al. Federal R&D funding: the bedrock of national innovation. August 20, 2020.

28 Kaul, Inge. “Global Public Goods: Explaining their Underprovision.” Journal of International Economic Law (September
14, 2012).

29 NARUC Gas Staff Subcommittee. Utility R&D as a Public Good. November 2015.
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government-funded program that produces important innovations for the ultimate benefit of the
larger populace - for example, in Fiscal Year 2023, with a budget of $25.4 billion,3 NASA
generated more than $75.6 billion in total economic output, 19% of which was associated with
Ré&D.31

LEI observed similar themes throughout interviews with technology providers and TOs.
Regulators, system planners, and TOs, by the nature of their priorities (wWhere providing reliable
electricity service at reasonable cost is paramount), tend to prefer technologies with proven track
records over new technologies that are not yet commercially available or widely deployed under
various real world conditions, due to uncertainty around performance under unexpected future
operational conditions, and also potential ambiguity in future benefits and costs. This reliability-
centric approach is understandable, given that electricity transmission supports all sectors of the
economy. In fact, this preference for technologies with proven track records is a necessary feature
of any well-functioning industry where reliability is paramount. However, this presents a “cart
before the horse” issue for technology vendors, as regulators, system planners, and TOs often
prefer deployment of ATT+ only once they have an established and proven track record. It also
means that TOs may be more likely to run their own pilot projects before adopting an ATT+. This
may be necessary given that there can be significant differences among utility operations, but
may also lead to somewhat duplicative pilot projects that provide little additional insight.

Implementing ATT+ also typically requires TOs to modify their organizational capabilities and
operational practices to accommodate the new technology, which can further dampen the pace
of technology adoption. For example, TOs need to build in-house technical expertise for any
ATT+ that they do deploy, which requires not only the expenditure of funds for the technology,
but also resources dedicated for training to ensure that personnel are able to achieve operational
expertise and familiarity with new technologies.

It is to be expected that stakeholders throughout the industry - from regulators and system
planners to TOs - need to gain comfort with new technologies and innovative methods before
they can be more widely adopted.

Government support for knowledge sharing and education are helpful for understanding the
deployment of ATT+ and potentially streamlining and facilitating greater knowledge transfer
between TOs that have experience with adopting certain ATT+. This type of effort may facilitate
more widespread adoption of ATT+, as would establishing a shared resource repository that TOs
could refer to for best practices - this recommendation is discussed later in Section 4.1. Monitoring
of Technology Readiness Levels could also provide the comfort that certain ATT+ have reached
a point that warrants more in-depth evaluation - this recommendation is discussed later in
Section 4.3. Finally, reducing regulatory uncertainty through the use of a regulatory sandbox
could de-risk ATT+ project adoption - this recommendation is discussed later in Section 4.4.

30 The Planetary Society. Your Guide to NASA’s Budget.

31 Bardan, Roxana. New Report Shows NASA’s $75.6 Billion Boost to US Economy. NASA. October 24, 2024.
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3.2 Evaluation of potential ATT+ benefits often limited by the analysis horizon

The current regulatory structure in some regions of the country tends to focus on nearer-term
planning horizons (e.g., the next five to ten years). This can lead to incomplete cost-benefit
analyses for certain ATT+, as the shorter horizon frameworks will naturally put more weight on
projects that are expected to result in benefits in the near term. There is also another dimension
to the problem: some stakeholders, including regulators, may be skeptical when benefits are
linked to forward-looking projections and estimates, because of the inherent uncertainty in
forecasting future dynamics. This means that any potential longer-term grid performance benefits
associated with deploying ATT+ may be downplayed or discounted. This can lead regulators to
over-emphasize shorter-term benefits relative to known investment costs, and downgrade the
possibility of longer-term benefits, thus biasing against high capital cost ATT+ that may deliver
larger benefits in the longer term. This phenomenon is especially likely with evaluation processes
that are narrowly focused on driving lower cost solutions and de-emphasize long-term benefits
like increased flexibility, improved resilience, and reduced O&M requirements. Regulator
preferences for lowest cost solutions may not leave room for adequate consideration of certain
ATT+.

What this means is that the benefits of certain ATT+ require a long-term valuation horizon,
formulation of expectations on future transmission usage patterns, and/or presence of precedent
conditions. Shifting focus to longer-term planning and investment approaches that incorporate a
forward-looking assessment and projections around future transmission system use would help
to more accurately capture the potential economic value (benefits) of certain ATT+ and enable
proactive investments needed to respond to the evolving nature of the grid - this
recommendation is discussed later in Section 4.2.

3.3 Some opponents argue that differing financial incentives across ATT+ influences
TO decision-making, but this is an over simplification

Financial accounting of costs will differ by ATT+, depending on whether the technology is
classified as a capital investment or an operating solution. Furthermore, when assessing the value
proposition of ATT+, TOs must consider not only the costs of deploying the technology itself, but
also the costs related to changing business processes to accommodate the new technology (as
described in Section 3.1 above). TOs also bear the financial risk if a technology that they adopt
does not perform as planned. Some stakeholders argue that these factors impact and influence
TO decision-making away from some ATT+ under certain circumstances. Indeed, some
opponents of transmission investment have proposed that TOs are biased against ATT+. But that
view is based on an incomplete understanding of the multi-faceted decision-making process that
TOs undertake as they seek to operate and plan their systems. While it is true that the accounting
considerations of varying ATT+ - if it is a capitalized expense or if it impacts operating costs -
will create different financial consequences to a TO in the short and longer term, it is inaccurate
and overly simplified to claim that TOs do not benefit financially from ATT+ that impact
operating costs because of the cost-of-service environment. In fact, regardless of whether a TO
operates under stated rates or transmission formula rates, there is often some regulatory lag
inherent in a cost-of-service environment, so TOs can reap some financial benefit from operating
cost savings. Furthermore, the financial incentives and business factors that drive investment and
operating decisions of TOs are much more complex because of the multiple objectives that TOs
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need to meet (reliability, policy, and overall cost minimization) and constraints they face in their
regulatory and business environments.

Aligning financial incentives and implementing regulatory mechanisms that can level the playing
field between operating versus capital investment-oriented ATT+, and also between ATT+ and
traditional transmission capital investments, would make cost impacts more transparent and
encourage TOs and stakeholders to focus more on the benefits side of the equation, which we
believe would facilitate greater ATT+ adoption and improve TOs’ flexibility to respond to their
multi-faceted objectives. This recommendation is discussed later in Section 4.5.
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4 Recommendations to improve and support ATT+ adoption

Deployment of ATT+ to date has provided some important lessons (as discussed previously in
Section 3) and points to potential areas of focus to support adoption of ATT+ going forward. With
these lessons in mind, LEI has formulated five recommendations that could be executed at the
federal and/ or state level to support more extensive consideration and potential implementation
of ATT+. These recommendations focus on feasible ways to enhance knowledge sharing among
stakeholders to inform decisions on adopting new technologies, as well as ways to ensure the
regulatory framework supports evaluation of ATT+ alongside more traditional transmission
investments - see Figure 14 below.

Figure 14. Overview of LEI's recommendations

LESSONS LEARNED RECOMMENDATIONS

Maintaining reliable service at
reasonable cost is paramount, so
technologies with proven track records
are generally preferred

Streamline and facilitate collaborative
piloting projects among TOs and
establish a shared resource repository

Adopt a proactive, long-term planning

Evaluation of potential ATT+ benefits
often limited by the analysis horizon

Some opponents argue that differing
financial incentives across ATT+
influences TO decision-making, but this

and investment outlook to adequately
evaluate ATT+

Establish a process for the ongoing
monitoring of ATT+ by Technology

. . R— Readiness Level
is an over simplification

De-risk applications of ATT+ by
reducing regulatory uncertainty through a
regulatory sandbox

Align financial incentives across all
ATT+ and relative to traditional
transmission capital investments through
capitalization or tax incentives

41 Streamline and facilitate a collaborative piloting approach among TOs and
establish a shared resource repository

As discussed previously in Section 3, regulators, system planners, and TOs tend to prefer using
technologies with proven track records over technologies that are not yet commercially available
and widely deployed, or have contingent benefits, uncertain costs, or performance characteristics
that are not well defined. While this preference is not unique to the electric transmission sector,
and serves a useful purpose given the need to provide safe and reliable electricity service to
customers, it does mean that regulators and other stakeholders often prefer TOs to run their own
pilot projects before implementing new technology. LEI believes there is an opportunity to
facilitate collaborative pilot projects among TOs across the country, to enable TOs to more readily
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learn from one another and facilitate technology adoption based on the observed experiences and
lessons learned from their peers. Although each TO would still have to test and understand how
a new technology is expected to interface with its particular systems and processes, the
knowledge shared through a collaborative piloting approach could allow for advancements and
streamlining of the testing process, and in turn help facilitate the opportunity for ATT+
deployment.

LEI recommends adopting a voluntary collaborative piloting approach among willing TOs,
which would generally involve the five steps illustrated in Figure 15 below. LEI would also
recommend an industry-led shared knowledge resource repository as part of this collaborative
pilot project environment, where non-proprietary tools and resources accumulated during pilot
projects could be accessed by other participating TOs subject to appropriate controls and cost
recovery.

Figure 15. Steps involved in a collaborative piloting approach

TOs agree on a list of ATTs to be tested

TOs divide the list among themselves, so that each TO is
responsible for testing a manageable number of technologies

TOs arrange to each test their assigned technologies within
a specified timeframe

Although there are examples of other collaboratives at both the national and state levels - two
examples of which are discussed in the textboxes below - the voluntary collaborative that LEI is
envisioning would improve upon them in two key ways.

First, instead of a multi-stakeholder collaboration involving utilities, government agencies,
technology vendors, academia, and other interested stakeholders, LEI recommends a tighter knit
collaborative including only transmission owners and technology developers - in LEI's view, this
should make the initiative more manageable and workable. Given that TOs will ultimately be
responsible for implementing ATT+ in their respective service territories, they are best equipped
to facilitate knowledge transfer on how ATT+ deployment impacts their specific business
processes and operations. This is unlike initiatives such as EPRI's GET SET (described in the
textbox below), which is somewhat further removed and provides a more technical perspective
through things like laboratory testing. LEI's proposed TO collaborative would focus on more
practical and relevant lessons learned and in-the-field experience that can inform implementation
best practices for other TOs.
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Second, instead of focusing on a narrow list of technologies (for example, EPRI's GET SET
Initiative focuses on four technologies, New York’s ATWG focuses on three technologies), LEI
recommends consideration of a broader list of technologies - the ATT+ universe identified
previously in Figure 1 on page 5 could be used as a starting point. The more TOs that are involved
in the collaborative, the more technologies that can be piloted in parallel, and thus the more
efficiently that ATT+ can be deployed.

EPRI’s Grid-Enhancing Technologies for a Smart Energy Transition (“GET SET”) Initiative

EPRI launched its GET SET Initiative in 2024 to spur research and facilitate deployment of a
subset of solutions. Specifically, GET SET focuses on four “potentially high-impact technologies”
- dynamic line ratings, advanced conductors, advanced power flow controllers, and topology
optimization. As part of the GET SET initiative, EPRI will perform laboratory testing and
demonstrations and collaborate with utilities, technology providers, and other stakeholders.

Source: EPRI. GET SET.

New York’s Advanced Technology Working Group (“ATWG”)

New York’'s ATWG was established in 2022 as a result of the New York Public Service
Commission’s Order on Power Grid Study Recommendations, which directed electric utilities in
the state to address “the challenge of identifying and removing barriers to the deployment of new
technologies.”

The ATWG includes representatives from the New York Department of Public Service, New York
State Energy Research and Development Authority (“NYSERDA”), the New York Independent
System Operator (“NYISO”), investor-owned utilities, and power authorities. The ATWG also
coordinates with technology vendors, research entities, and other interested parties.

The ATWG comprises of three task forces that each focus on advancing a “high priority”
technology - these are the Energy Storage Task Force, Dynamic Line Ratings Task Force, and
Power Flow Control Task Force.

Source: Joint Utilities of New York. Advanced Technologies Working Group (ATWG).

4.2 Adopt a proactive, long-term planning and investment outlook to adequately
evaluate ATT+

Based on LEI's survey of transmission entities across the country, TOs continually evaluate ATT+
alongside traditional capital investments as part of their transmission planning processes. As
described by one TO, “[ATT+] are incorporated into the [transmission planning process] and pursued
when they offer a lower cost option versus traditional capital investment, allow for a more timely solution,
or allow for insight into our system that allows us to operate more efficiently and provide cost saving
opportunities.” However, as discussed previously in Section 3, adequately evaluating the benefits
of certain ATT+ requires consideration of a long-term valuation horizon, formulation of
expectations on future transmission usage patterns, and/or presence of precedent conditions. In
some cases, regulators do not always see the merit of adopting certain technologies if they do not
address immediate problems on a TO’s system, or if there is not a process that allows for
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consideration of longer-term benefits. Failure to have a process to consider the potential for
longer-term benefits can leave cost-effective technologies out of the solution set.

Therefore, LEI recommends system planners and transmission owners adopt, as part of their
required FERC Order 1920 long-term planning, a process to consider the economic value
(benefits) of ATT+ deployment. This approach would align with FERC Order 1920, which
requires transmission providers to utilize longer-term (20-year) scenario planning - see the
textbox below for further details. This would provide transparency in TOs” evaluation of ATT+
as part of the potential solution set to identified transmission needs. As discussed previously,
ATT+ are not a substitute for the robust transmission infrastructure that must be built to meet the
evolving needs of the grid, but rather are part of the toolbox available to TOs to ensure a reliable
and affordable power system.

FERC Order 1920

FERC issued Order 1920 in May 2024, setting out regional transmission planning requirements to
“improve long-term assessments of transmission needs and adequately prepare for the future of the electric
grid” through a “sufficiently long-term, forward-looking, and comprehensive approach.” Specifically,
transmission providers are required to consider 20-year transmission planning horizons and
assess at least three scenarios and subsequent sensitivities to serve as “stress tests” when
conducting regional transmission planning. These sensitivities should consider “uncertain
operational outcomes”, such as outages due to extreme weather events, cyberattacks, significant
forecast error, or fuel price volatility. Then, the selection of proposed transmission facilities
should be based on benefits, including the extent to which each project can mitigate these
“unexpected system conditions.”

Source: FERC. Explainer on the Transmission Planning and Cost Allocation Final Rule. September 25, 2024.

4.3 Establish a process for the ongoing monitoring of ATT+ by TRL

Mandates can be a double-edged sword. On the one hand, FERC requiring consideration of
specific technologies can attract the interest and activity of technology vendors, making more of
those technologies available over time; these mandates can also unlock more funding at various
levels of government, as they provide a signal that these technologies are an area of focus. On the
other hand, mandates may not always be helpful if they are overly restrictive, and may become
out of date all too quickly.

FERC has mandated transmission providers to consider or implement different technologies
within the ATT+ universe (highlighted in bold below) in different rulemakings. For example:

e FERC Order 881, issued in December 2021, requires “all transmission providers, both inside
and outside of organized markets, to use ambient-adjusted ratings as the basis for evaluating
near-term transmission service to increase the accuracy of near-term line ratings.”32 Notably,
FERC’s Advanced Notice of Proposed Rulemaking (“ANOPR”) in Docket No. RM24-6-

32 FERC. FERC Rule to Improve Transmission Line Ratings Will Help Lower Transmission Costs. December 16, 2021.
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000, released in June 2024 and currently under review following a public comment period,
would require implementation of dynamic line ratings;3

e FERC Order 2023, issued in July 2023, notes that “[blecause alternative transmission
technologies can provide substantial benefits due to their quick deployment and lower costs
compared to other types of network upgrades, the final rule requires transmission providers when
conducting a cluster study to evaluate alternative transmission technologies, which may include
advanced conductors, advanced power flow control, transmission switching, voltage
source converters, static synchronous compensators, static VAR compensators,
synchronous condensers, and tower lifting” ;3 and

e FERC Order 1920, issued in May 2024, requires “transmission providers to consider the
following alternative transmission technologies: dynamic line ratings, advanced power flow
control devices, advanced conductors, and transmission switching. The aim is to identify
efficient and cost-effective solutions to meet transmission needs and optimize the transmission
system without the need to build additional transmission facilities.” 35

LEI's review of FERC’s mandates issued to date regarding ATT+ indicate that they have been
piecemeal and relatively siloed, with different technologies considered in different rulemakings.
However, as demonstrated in Section 2, there are many different Innovative Practices and
Advanced Transmission Technologies across the various stages of the transmission lifecycle that
could be considered as part of the ATT+ universe. In order to reap the benefits of these wide-
ranging practices and technologies and facilitate their deployment, LEI believes that a
government agency should be assigned responsibility for monitoring the ever-evolving list of
ATT+ on an ongoing basis and publishing regular updates on their Technology Readiness Levels.
TRLs assess the maturity of evolving technologies and range from TRL 1 (nascent, basic principles
observed) to TRL 9 (mature, total system used successfully in project operations) - see Figure 16
below.

Once a practice or technology is deemed by the responsible monitoring agency as having reached
a certain TRL, then this would provide a signal to TOs, regulators, and other industry
stakeholders that the practice or technology could be feasibly considered and assessed alongside
other traditional transmission capital investment options and operational decisions. TOs can then
evaluate whether relevant and ‘TRL-certified” ATT+ would be a good fit for their local
circumstances and needs of the bulk power system.

This recommendation would address a barrier that was cited in LEI’s interviews with TOs -
namely that some TOs struggle from a resource perspective (staffing and time) to monitor and
keep track of ATT+ internally. It would also signal to the industry when a practice or technology
has reached the point of being commercially deployable without the restrictive nature of
technology-specific mandates.

33 FERC. Explainer on the Implementation of Dynamic Line Ratings Rulemaking (ANOPR). August 16, 2024.

34 FERC. Explainer on the Interconnection Final Rule. September 15, 2024.

35 FERC. Explainer on the Transmission Planning and Cost Allocation Final Rule. September 25, 2024.
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Figure 16. Overview of Technology Readiness Levels
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Based on TRL definitions from US DOE. Technology Readiness Assessment Guide. October 12, 2009.

44 De-risk applications of ATT+ by reducing regulatory uncertainty through a
regulatory sandbox

As discussed in Section 3, ATT+ projects can be complicated by perceived risks and challenges
that TOs or their regulators deem to be insurmountable, thus limiting their deployment. In order
to de-risk applications of ATT+ going forward, LEI recommends implementing a regulatory
sandbox. A regulatory sandbox is essentially a lower risk testbed to deploy innovative products,
technologies, and services, by providing regulated entities with certainty or clarity from their
regulator that a proposed approach is permissible, or by providing temporary relief from a
specific rule or regulation that presents a barrier to innovation. Regulatory sandboxes have been
deployed in jurisdictions around the world, including in the United Kingdom and Canada
(Ontario), as described in the textbox below. FERC and/or state regulators could apply the
regulatory sandbox concept to ATT+, thus providing TOs with clarity and confirmation from
their regulators and lowering the regulatory risk and uncertainty associated with deploying
ATT+ projects.
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Regulatory sandboxes around the world

The term “sandbox” has been used in the technology space (in software development and
cybersecurity) to refer to an isolated environment where software can be tested without affecting
the rest of the system. The concept of a “regulatory sandbox” was then introduced in the financial
sector, to adapt regulatory frameworks and enable entities to test blockchain and other
technologies and innovations.

In the energy sector, the Office of Gas and Electricity Markets (“Ofgem”) in the UK became one
of the first regulators to establish an energy-specific regulatory sandbox, when it launched the
Innovation Link Energy Regulation Sandbox in 2017. Soon after, the Ontario Energy Board
(“OEB”) deployed the first energy-related regulatory sandbox in North America, when it
launched its Innovation Sandbox in 2019. Elsewhere, regulatory sandboxes in the energy industry
are being developed or have already been utilized in Australia, Austria, Belgium, Denmark,
France, Germany, Ireland, Italy, the Netherlands, Norway, Portugal, Singapore, South Korea,
Spain, and Sweden.

Ofgem’s Energy Regulation Sandbox enables testing of innovative products, services,
methodologies, and business models (including in system and network operations) in “real world
live energy markets, with real consumers.” The sandbox was launched in recognition that, in Ofgem’s
words, “[i]t’s impossible to be certain about what the future holds, meaning that our role cannot be to
attempt to predetermine what innovations should emerge or be successful, but rather adapt the requlatory
regime to ensure an environment more permissive of, and suited to innovation.” The sandbox is thus “an
agile, responsive and adaptive way of working with innovators to [realize] opportunities now, while in
parallel redesigning markets and rewriting rulebooks to bring about major reform.” The sandbox not only
supports entities in developing pilot projects (at the demonstration stage) but also supports
market entry of new products and services (at the deployment stage).

The OEB’s Innovation Sandbox was similarly launched as a way to provide innovators with
targeted support and “a simpler, more accessible and timely way of trying things out” with the ultimate
objective of “reduc[ing] requlatory uncertainty and risk as a way to encourage innovation.”

Sources: Forbes. Does Sandboxing Have A Future? March 16, 2022; Foundation for Energy Sustainability. Energy transition
and regulatory sandboxes. March 10, 2022; Ofgem. Innovation Sandbox Service Overview. February 27, 2020; Ofgem. Energy
Regulation Sandbox: Guidance for Innovators. July 20, 2020; OEB. OEB Innovation Sandbox: Overview. November 2020; OEB.
OEB Innovation Sandbox 2.0. January 2022.

45 Align financial incentives across all ATT+ and relative to traditional
transmission capital investments through capitalization or tax incentives

LEI’s final set of recommendations seeks to align the financial incentives of ATT+ in order to
support more widespread deployment. Examples of these financial mechanisms include allowing
for capitalization of certain operating costs or introducing tax incentives to facilitate ATT+
projects that create measurable benefits beyond just cost savings and improved quality for
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electricity customers related to the service they receive, but also benefits related to the broader
economy?¢ and national security.3”

First, to increase TO flexibility and to align their incentives with customers, LEI recommends
leveling the playing field in terms of the financial incentives across all ATT+, regardless of
whether they are treated as an operating expense or a capital expenditure. This can be done by
capitalizing or allowing returns on operating expenses (including training costs associated with
deployment of new ATT+), which some state regulators have allowed in certain contexts for their
regulated utilities.

Tax incentives are another option to improve the financial incentives for ATT+ projects, given the
public good problem discussed previously. Government support for R&D and commercialization
of advanced technology has been demonstrated to be successful in overcoming this problem, by
stimulating investment and benefits for customers - within and outside of the electricity sector.?
This approach has been contemplated in recent proposed legislation, such as Senate Bill 1793, the
Grid Resiliency Tax Credit, which would establish a 30% tax credit for the installation of
“regionally significant” transmission projects that utilize advanced conductors or grid enhancing
technologies, given that “[a] robust electric power transmission system is critical to the economic, energy,
and national security of the United States.”*0 Tax incentives could thus realign cost allocation of

36 For example, construction of new transmission amounts to increased construction-related spending and creation of
new construction and technical jobs. There are also major positive spillover effects to other areas of the
economy through expansion of domestic manufacturing and increased spending by construction workers on
other goods and services. See LEI. Repowering America: Transmission investment for economic stimulus and climate
change. May 2021.

37 For example, see DOE. National Transmission Needs Study. October 2023, which acknowledges that “[a] robust
transmission system is critical to the Nation’s economic, energy, and national security” and identifies “[gJeographic
areas where a transmission need exists [that] would benefit from an upgraded, uprated, or new transmission facility —
including alternative transmission solutions - to improve the reliability and resilience of the power system; alleviate
transmission congestion and unscheduled flows; alleviate power transfer capacity limits between neighboring regions;
deliver cost-effective generation to meet demand; and/or meet projected future generation, electricity demand, or
reliability requirements.”

38 For example, the New York Public Service Commission (“NYPSC”) has enabled utilities to capitalize cloud-based
software services - when pre-paying the total cost of a service contract, utilities can record the unamortized
balance of the pre-payment as a regulatory asset, to be included in rate base and earn a return. The NYPSC
stated the following with respect to its decision: “As utilities evaluate whether to purchase or lease [IT applications],
their ability to earn a return on a portion of the leased investment should help eliminate any capital bias that could affect
the decision.” (Source: NYPSC. Order Adopting a Ratemaking and Utility Revenue Model Policy Framework (Casee
No. 14-M-0101). May 19, 2016) As another example, the California Public Utilities Commission (“CPUC”)
adopted an integrated distributed energy resource (“DER”) pilot incentive mechanism to encourage utilities
to contract with DER projects as an alternative to investments in traditional distribution infrastructure -
specifically, the CPUC set the value of the incentive at a 4% pre-tax basis applied to the annual payment for
the contracted DERs, which the utilities may record in a balancing account for later recovery. (Source: CPUC.
Integrated Distributed Energy Resources. March 29, 2019)

3 See “LEI Economic Considerations in the Matter of Electric Transmission Incentives. July 1, 2020”, which explores
examples of the benefits facilitated through government support, such as in the pharmaceutical industry,
where the use of government grants, cooperative funding, and the assignment of intellectual property rights
accelerated the discovery and commercialization of new medical treatments.

40 51793 - Grid Resiliency Tax Credit.
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ATT+ projects with their beneficiaries (transmission customers), as these tax incentives would
ultimately be funded by taxpayers across the country.
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5 Appendix A: Description of ATTs and Innovative Practices in the
transmission sector

The following sections provide further details for each of the technologies that LEI examined,
organized by transmission life-cycle stage.

5.1 Siting and design
LEI examines the following Innovative Practices in the siting and design stage:
1. artificial intelligence (“Al”)-powered software for siting and permitting (e.g., analyzing
potential line routes);

2. compact line designs (see Section 2.3.1 above); and

3. innovative approaches to expediting permitting processes.
51.1 Al-powered software for siting and permitting

Leveraging artificial intelligence in the transmission sector has increased in popularity in recent
years. Al is, essentially, the next step of machine learning (“ML"), which is when machines and
computer systems are trained on very large datasets to recognize patterns, memorize them, and
then identify similar patterns. When this exercise is extrapolated over massive sets of data,
algorithms can “learn” specific tasks that specialize in that data.4!

As an example, Continuum Industries offers software products that automate the analysis of
millions of potential overhead power line corridors using Al techniques. It's Optioneer Al engine
analyzes environmental, social, cultural, and cost factors simultaneously, and uses Al to generate
a shortlist of route options. Optioneer also allows users to change inputs and design rules, which
trigger the engine to then quickly generate updated route scenario assessments. Continuum
Industries notes the following benefits on its website:

e the engine enables a complete and robust assessment of potential overhead power line
corridors in detail, more quickly than with traditional siting and design tools;

e Dbecause the engine considers social and cultural factors, it allows transmission developers
to engage with local stakeholders much sooner in the planning process; and

e the engine enhances the long-term development of transmission networks with detailed
data.

Leveraging Al-powered software in the siting and permitting stage of developing a transmission
project can unlock two major benefits for customers. First, it enables transmission developers to
systematically and holistically consider various factors that customers value (environmental,
social, cultural, and cost factors) during the design process. Second, utilizing Al-powered

41 ENTSO-e. Artificial Intelligence. March 25, 2025.
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software to conduct this analysis also helps to expedite the design process and shorten the
development timeline, bringing needed transmission infrastructure online more quickly.42

5.1.2 Innovative approaches to expediting permitting processes

Permitting new energy projects in the US has been a notable challenge in recent years.4 There
have been efforts to reform transmission permitting to accelerate the build out of the transmission
network. For example, the DOE issued a rule in April 2024 to establish the Coordinated
Interagency Transmission Authorizations and Permits (“CITAP”) Program. This program aims
to expedite environmental reviews and permitting processes for transmission projects by
consolidating Federal environmental reviews and authorizations# within a standard two-year
schedule, which is a reduction from the four years that it typically takes to permit a project.4

As another example, the DOE is aiming to expedite permitting by designating certain portions of
the country as National Interest Electric Transmission Corridors (“NIETCs”).4 NIETCs are
designated by the Secretary of Energy and are selected if it is determined that either: (i) ratepayers
are harmed by a lack of transmission in that area, or (ii) development of new transmission in that
area would advance national interests (increased reliability or reduced customer costs, for
example). The four-phase designation process is illustrated in Figure 17 below. A preliminary list
of NIETCs was published in May 2024. An NIETC designation means that transmission projects
developed in that area may qualify for federal financing and expedited permitting processes.

42 There are additional use cases for Al in the transmission space. Recently, PJM and Google announced a partnership
to develop an integrated model of interconnection requests to allow project developers and grid planners and
operators to access crucial information in the interconnection process quickly and effectively. Source:
Howland, Ethan. “PJM, Google partner to speed grid interconnection using AL” Utility Dive. April 10, 2025.

43 DOE. Biden-Harris Administration Announces Final Transmission Permitting Rule and Latest Investments To Accelerate the
Build Out of a Resilient, Reliable, Modernized Electric Grid. April 25, 2024.

4 Including those related to the National Environmental Policy Act of 1969, the National Historic Preservation Act, the
Endangered Species Act of 1973, and the Federal Land Policy and Management Act.

45 DOE. Coordination of Federal Authorizations for Electric Transmission Facilities. April 25, 2024.

46 United States Department of Energy. National Interest Electric Transmission Corridor Designation Process.
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Figure 17. National Interest Electric Transmission Corridor designation process
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5.2 Construction
LEI examines the following Innovative Practices deployed in the construction stage:

1. exoskeletons (i.e., adding additional circuits above existing lines);
2. helicrane construction; and

3. modular tower raising systems (see Section 2.3.2 above).

5.2.1 Exoskeletons

Ampjack’s patented ExoGrid offering enables an existing power line tower to be upgraded by
adding further infrastructure to original towers. Upgrades would have to consider the existing
transmission line conditions and original design capacity. Figure 18 below presents a use case of
adding a 500-kV circuit above an existing 230-kV/500-kV double circuit transmission line.
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Figure 18. Exoskeleton example

Source: Ampjack. ExoGrid.

Ampjack notes the following benefits of deploying an exoskeleton design:

e lowers project costs by utilizing existing rights-of-way, reducing permitting requirements
as well as minimizing land use and environmental impacts;

e reduces the time needed to expand transmission capacity by potentially eliminating the
need to replace or build new towers and foundations;

e provides seamless transmission capacity expansion with minimal interruptions to
existing transmission operations;*” and

e enables grid hardening by rerating towers for higher winds, which greatly reduces the
risk of outages and enables structures to withstand more extreme weather conditions.

Taken together, these benefits can not only result in lower costs of transmission service through
reduced capital expenditures, but also improved service to customers through grid hardening
and increased resiliency, as well as indirect impacts to the local economy during construction.

5.2.2 Helicrane construction

Traditionally, transmission construction projects have required trucks and other heavy
transportation options to move large transmission equipment to construction sites, as well as
manpower to string lines over long distances.* Recently, helicopters have been used to increase
the efficiency of transmission construction and maintenance efforts, especially in hard-to-reach
areas. Helicrane construction involves using helicopters to transport towers, poles, and other
heavy equipment to the site.# Once the materials arrive onsite, helicranes can assist with

47 However, the criticality of circuits on the same tower needs to be considered, so as to ensure that a tower failure does
not result in a single point of failure.

48 Powerline. Innovative Ways: Technology advances in transmission line stringing and construction. October 16, 2021.

49 Fairlifts.
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precision during the installation of larger components. Helicrane construction also reduces the
need for manpower onsite, as helicopters can be used to string power lines over long distances.

As an example, Georgia Transmission used helicopters to build a 115-kV transmission line over
a salt marsh in Savannah, Georgia in 2013. A heavy lift helicopter was used to place 32 steel
transmission poles in the ground (which average between 7,000 and 10,000 pounds each) and to
string the lines. The transmission line increased electric reliability in hard-to-reach areas, and the
use of helicopters ensured minimal disruption to the salt marsh, which is a sensitive and
protected natural resource.>!

As another example, Omaha Public Power District (“OPPD”) used helicopters to string two 345-
kV and 161-kV lines in the vicinity of a planned generating station in 2022.52 OPPD utilized
helicopters as it sped up and simplified the construction project and eliminated the need to use
large construction cranes.

Leveraging helicopters during transmission line construction unlocks several benefits, including;:

e expedited construction project timelines (through more efficient installation and
assembly of heavy equipment), which means the benefits of expanded transmission can
be realized sooner;

e improved accessibility and more efficient inspection and maintenance of hard-to-reach
portions of transmission systems, which increases reliability; and

¢ reduced impact to environmentally sensitive areas (e.g., marshlands) by minimizing the
need to have trucks and heavy equipment moving on the ground.

Some of the challenges and potential drawbacks of helicrane construction include:>

e more complex construction logistics and planning, as helicopters can be more sensitive
to weather conditions than on the ground construction equipment; and

e costs to operate helicopters can generally be higher.
5.3 Operations
LEI examines the following ATTs and Innovative Practices in the operations stage:

1. hardware components

a. advanced conductors

b. advanced flexible transformers
c. digital substations

d. gas insulated substations

50 Powerline.

51 Air2. Georgia Transmission Uses Special Transmission Line Construction Techniques - Helicopters. November 23, 2015.

52 Omaha Public Power District. Helicopter helps with transmission line construction. August 2022.

53 Fairlifts. A Close Look at Helicopter Linemen and Their Crucial Role in Utility Maintenance. May 2, 2023.
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2. grid enhancing technologies

a. dynamic line ratings
b. advanced power flow controllers
c. topology optimization

3. equipment and software to enhance operations and maintenance

Al-powered software paired with sensor technologies
drones and robotics (see Section 2.3.3 above)

light detection and ranging (“LiDAR")

energy storage as transmission assets

shared inventory

o an o

5.3.1 Hardware components
5.3.1.1 Advanced conductors

Traditional conductors are typically Aluminum Conductor Steel Reinforced (“ACSR”) wire, a
century-old technology made from aluminum strands around a steel core. In contrast, advanced
conductors, as defined in FERC Order 1920, “include, but are not limited to, superconducting cables,
advanced composite conductors, advanced steel cores, high-temperature low-sag [(“HTLS”)] conductors,
fiber optic temperature sensing conductors, and advanced overhead conductors.”>* Across these
advanced conductors, the traditional steel cores found in traditional conductors have been
replaced with “composite matrix materials of carbon fibers, ceramic fibers, or with ultra-high strength or
higher grades of steel.”>5 As such, advanced conductors are able to operate at higher temperatures,
with reduced line sag and lower line losses, and can carry approximately twice as much power
as traditional conductors.5

However, advanced conductors are currently two to four times more expensive on a unit length
basis compared to traditional conductors, primarily due to higher raw material costs and a
limited scale of production.5” Therefore, the use case for advanced conductors typically involves
either projects spanning large distances (e.g., river crossings), where reduced line sag is especially
important, as well as reconductoring projects, which introduce project cost savings by utilizing
not only existing rights-of-way, but also existing transmission towers and structures.

One example of an advanced conductor is CTC Global’s Aluminum Conductor Composite Core
(“ACCC”) Conductor, which is made from a composite carbon and glass fiber core embedded in
a high-performance thermoset epoxy matrix. The ACCC Conductor offers the industry’s highest
strength-to-weight ratio and lowest thermal expansion. Another example is Epsilon Cable, which

54 FERC. Order No. 1920: Building for the Future Through Electric Regional Transmission Planning and Cost Allocation (Docket
No. RM?21-17-000). May 13, 2024. P. 881-882.

% Idaho National Laboratory. Advanced Conductor Scan Project. December 2023. P. iv.

56 Engineering and Environmental Sciences. Accelerating transmission capacity expansion by using advanced conductors in
existing right-of-way. September 23, 2024.

57 Ibid.
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offers a range of advanced conductors with composite cores, including 100% carbon fiber cores
and glass-carbon fiber hybrid cores.

Advanced conductors therefore offer the following benefits:

¢ increased transmission capacity along existing rights-of-way, thus mitigating permitting
challenges and costs, and enabling the integration of new generation resources and load
customers; and

e improved system reliability and resiliency, through the use of stronger materials that can
operate at higher temperatures with reduced line sag and lower line losses.

They also face the following challenges and potential drawbacks:5°

e higher cost per unit of conductor;

e advanced conductor designs may have lower longevity or uncertainty about aging
behavior;

e alternative materials may require more complex and costly handling requirements during
installation;

e if advanced conductors are installed where the substation equipment is the limiting
element of a transmission facility, the benefits of having an advanced conductor with an
increased transmission capacity will not be realized; and

¢ installing advanced conductors to achieve increased transmission capacity may also lead
to significant substation work and costs in order to allow for the advanced conductor to
be compatible with the surrounding equipment of the substation.

5.3.1.2 Advanced flexible transformers

Transformers regulate the flow of power from generation plants, which generate power at low
voltages, to transmission lines (through generator step-up transformers), which operate at higher
voltages to minimize losses, and then onto distribution lines (through substation step-down
transformers), which operate at lower voltages for safe consumption at customer sites - see Figure
19 below. In order to facilitate the integration of more renewable generation resources on the
electric grid, transformers with greater flexibility will be needed to maintain system reliability.60

58 Idaho National Laboratory. Advanced Conductor Scan Project. December 2023.

59 O’Boyle, Mike et al. Supporting Advanced Conductor Deployment: Barriers and Policy Solutions. P. 5. April 9, 2024.

60 GE Vernova. GE Research and Prolec GE Power Up World’s 1st Large Flexible Transformer to Enhance the Resiliency of
America’s Grid. October 18, 2021.
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Figure 19. Key elements of the electric power grid
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Advanced flexible transformers can adapt to a wider range of voltage ratios and impedance levels
than traditional transformers, which operate in a narrower range of voltage ratings.¢? Advanced
flexible transformers can enable an online adjustable impedance, which introduces greater
flexibility for transmission operators in terms of fault management, stability, frequency and
voltage regulation, as well as transmission line restoration. Therefore, advanced flexible
transformers improve system reliability and resiliency to the benefit of customers. It is important,
however, to note that advanced flexible transformers are a relatively new technology with limited
operational experience, a less-developed supply chain, and higher cost characteristics as
compared to single-purpose transformers.¢2

In contrast, traditional transformers can only be replaced by identical units, requiring utilities to
maintain an inventory of spare parts in order to ensure quick replacement times. This leads to
high management costs, which has been further challenged by supply chain constraints, with lead
times for traditional transformers reaching approximately two to four years.®* Advanced flexible
transformers, due to their flexible ratings, can be used to quickly replace and upgrade a wide
variety of aging or damaged transformers, further enhancing system reliability and resiliency.t4

The first advanced flexible transformer was installed in 2021 as part of a field demonstration
project at a substation in Columbia, Mississippi. The project was a partnership between
Cooperative Energy (the transmission owner) and General Electric (“GE”) Research and Prolec
GE (the technology providers), supported by $2.4 million in funding from the DOE.65. 66

61 United States Department of Energy. Flexible Transformers Transform the Grid of the Future. October 29, 2021.
62 DOE. Advanced Transformers Workshop Report. P. 7. October 2023.

6 Power Magazine. The Transformer Crisis: An Industry on the Brink. June 26, 2024.
64 DOE. Advanced Transformers Workshop Report. October 2023.

65 GE Vernova. GE Research and Prolec GE Power Up World’s 1st Large Flexible Transformer to Enhance the Resiliency of
America’s Grid. October 18, 2021.

66 United States Department of Energy. DOE Office of Electricity TRAC.
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5.3.1.3 Digital substations

A substation is an important element of the power grid, converting electricity into different
voltages. A traditional substation includes high-voltage apparatus (the primary system) such as
transformers, disconnect switches, and circuit breakers, which are located in the switchyard of a
substation, as well as low-voltage equipment (the secondary system) such as remote terminal
units and automation systems, which are located inside panels of a control room.

A digital substation replaces the costly point-to-point copper signaling wires in the secondary
system with a few fiber optic communication buses, enabling improved system visibility and
monitoring. The use of fewer hardware components also reduces the space requirements for
substation installation, which can be especially advantageous for utilities operating within space
constrained service territories.®” Digital substation technology will, however, entail increased
cybersecurity risk, a different cost profile, and will require new training and maintenance
frameworks for utility crews.% Figure 20 below compares the elements of a traditional substation
versus a digital substation.

Figure 20. Comparison of traditional substation versus digital substation
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67 Hitachi Energy. How digital substations tame the complexities of modern network demands.

68 RojasRojas, Alonso. Digital substations: challenges and opportunities. Axon Group.
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5.3.1.4 Gas insulated substations

Section 5.3.1.3 above describes the structure of a traditional substation. In contrast, a gas insulated
substation houses the high-voltage components in a confined, sealed environment made up of
aluminum alloy pipes that are filled with insulating gas. As a result, gas insulated substations can
save up to 90% of the space requirements relative to a traditional substation.® This is especially
useful for transmission owners that operate in dense urban service territories, as they face
significant space constraints.

For example, Rochester Gas and Electric Corporation (“RG&E”) in New York replaced an existing
traditional air-insulated switchgear with new 38-kV and 15-kV gas insulated switchgears to
ensure minimal disruption to the environment and communities served by the utility.70

Some other benefits of deploying gas insulated substations include the following;:

¢ housing high-voltage components in a sealed space (rather than air insulated substations,
which are typically outdoors) protects system components from environmental factors
(e.g., extreme temperatures, lightning strikes, etc.) - this reduces maintenance
requirements, extends the substation’s service life, and ultimately improves system
reliability and resiliency to the benefit of customers; and

e minimizes site development costs relative to air insulated substations, due to the smaller
footprint requirements.

They also face the following challenges and potential drawbacks:7!

e higher capital costs and more complex maintenance requirements;
e specialized gas-handling protocols and concerns over environmental impact of insulating
gas;

o difficulty with expanding the gas insulated substation to support future terminal
positions if not considered in the initial design of the gas insulated substation (with more
traditional substation configurations, additional terminal positions for future
transformers/lines can readily be installed pending land availability).

5.3.2 Grid enhancing technologies
5.3.21 Dynamic line ratings

In order to understand dynamic line ratings, it is worthwhile to revisit some of the basic
engineering facets of electric power cables. The amount of power that a cable can feasibly carry
(i.e., the line rating) decreases as the ambient temperature around the cable rises.”? To maintain

69 ENTSO-e.

70 Avangrid. Rochester Gas & Electric Station 192 Upgrades.

71 Babaei, Reza. Advantages and Disadvantages of Gas Insulated Switchgear (GIS) Compared to Air-Insulated Substations (AIS).
January 2025.

72 International Renewable Energy Agency. Dynamic Line Rating: Innovation Landscape Brief. 2020.
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grid reliability, transmission lines have traditionally been given conservative static line ratings
that are based on certain weather assumptions, including relatively high temperatures, direct sun
exposure, or limited wind conditions, which translate into limited ambient cooling conditions. If
weather conditions during operations are more favorable than the assumed weather conditions
used to determine the static line rating, this means that the line could actually be operated at a
higher rating than the pre-set static rating. In other words, if the actual temperature is lower than
the assumed temperature used to determine the static rating, then the actual feasible capacity of
the line is higher. Figure 21 below provides a useful illustration of the difference between static
line ratings and DLRs.

Figure 21. Comparison of static and dynamic line ratings
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Source: International Renewable Energy Agency. Dynamic Line Rating: Innovation Landscape Brief. 2020. P. 8.

DLR therefore involves monitoring weather conditions to provide the necessary information to
adjust a line’s carrying capacity in real time.” This real-time carrying capacity information can
then be shared with the transmission operator, allowing the operator to safely send more or less
power through the line. Real-time monitoring can either be done using hardware (i.e., installing
sensors on, or near, a line) or software solutions (i.e., relying on data from nearby weather
stations).”* Real-time monitoring often also requires upgrades to Energy Management Systems
(“EMS”) and other communications and software systems.

73 Notably, FERC Order 881 requires transmission providers to implement ambient-adjusted ratings (“AARs”). The
key distinction between DLRs and AARs is that AARs are not considered to be truly dynamic because they
only consider ambient air temperature, as opposed to DLRs, which take more data into consideration when
setting the line rating (including air temperature, solar radiation, and wind speed and direction). (Source:
DOE. Improving Efficiency with Dynamic Line Ratings)

74 Based on LEI's interviews with WIRES members, software-only monitoring reduces project costs (by avoiding sensor
installation costs), but offers more limited capacity gains (approximately 10-20% additional capacity relative
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As an example, Central Maine Power was awarded a GRIP grant from the DOE in October 2024
to implement targeted DLR in its Maine service territory. This project will increase capacity of its
transmission lines and allow for greater integration of renewables without requiring costly
infrastructure upgrades.”

Some of the benefits of DLRs include the following:
e can provide expanded capacity in the short-term day-ahead and real-time operations,
which can reduce congestion costs and decrease the costs of electricity for customers;
e defers new transmission build and upgrades;
e supports interconnection of renewable generation; and

e can be deployed relatively quickly.
They also face the following challenges and potential drawbacks:

e technical complexity and cost related to integration into EMS, including increased
communication and data management requirement;”®

e DLRs can lead to reduced line ratings over certain periods when compared to ambient-
adjusted ratings (“AARs”) or other forms of static ratings, although this is dependent on
individual AAR/seasonal rating assumptions and methodologies;””

e DLRs cannot address all reliability needs that arise during certain contingency events on
the system through different seasons;”® and

¢ deployment opportunities may be limited to where conductors are the limiting element
on a transmission facility. If substation equipment is the limiting element of a transmission
facility, then the rating of the transmission line will not be affected by the varied ratings
from DLR, rather the transmission line rating will be based on the rating of the equipment
at the substation it terminates into.”

5.3.2.2 Advanced power flow controllers

Advanced power flow control devices optimize power flow across a network of transmission
lines by dynamically adjusting line reactance.8 Power flows along the path of least resistance, so

to static line ratings). Hardware monitoring solutions increase project costs (requiring sensor installation), but
unlock further capacity gains (approximately 40% additional capacity relative to static line ratings) because
sensors can measure wind extremely accurately.

75 Avangrid. Avangrid Subsidiary Awarded $31.8M Federal Grant to Deploy Cutting Edge Grid Technology. October 18, 2024.

76 DOE. Oncor’s Pioneering Transmission Dynamic Line Rating (DLR) Demonstration Lays Foundation for Follow-On
Deployments. May 2014. P. 6-7.

77 LineVision. Dynamic Line Ratings: An Innovative Tool for Increasing Grid Capacity. August 3, 2023.

78 DOE. Dynamic Line Rating. June 2019. P. 13.
79 FERC. Docket No. AD-19-15-000. Managing Transmission Line Ratings. August 2019. P. 23.

80 Line reactance is essentially how much the transmission line is resisting changes in the alternating current. (Source:
Robert Sheldon. What is reactance? April 2023)
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by changing the line reactance, advanced power flow control devices can essentially push and
pull power to move from lines that are overcapacity to lines with available and underutilized
capacity. This can increase transmission capacity of an existing network by 10-25%.8! Figure 22
below illustrates what this “redistribution” can look like on a network of transmission lines.

Figure 22. Illustrative advanced power flow control example
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Source: WATT Coalition. What are Grid Enhancing Technologies?

For example, Central Hudson Gas & Electric installed advanced power flow control devices in its
New York service territory in 2024. The installation of these devices unlocked 185 MW of
additional transmission capacity on its existing network, resolving a transfer capacity constraint
at the interface between upstate and southeast New York that was limiting regional power
flows.82

Some of the benefits of deploying advanced power flow control devices are:

¢ unlocking additional transmission capacity on the existing network, which for congested
portions of the transmission system, reduces congestion costs and decreases the costs of
electricity for customers;

e deferring new transmission build and upgrades (i.e., poles and wires);
e supporting interconnection of generation; and

e can be deployed relatively quickly (less than 15 months).83

81 Massachusetts Institute of Technology - Center for Energy and Environmental Policy Research (“CEEPR”). A
Roadmap for Advanced Transmission Technology Adoption. September 2024.

82 Power Grid International. Case study: How a New York utility unlocked 185 MW of capacity without building new
transmission. September 20, 2024.

88 Massachusetts Institute of Technology - Center for Energy and Environmental Policy Research (“CEEPR”). A
Roadmap for Advanced Transmission Technology Adoption. September 2024.
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They also face the following challenges and potential drawbacks:

e although advanced power flow controllers can regulate the power flow along specific
transmission lines/areas, these devices can also cause additional voltage issues on the
system.

5.3.2.3 Topology optimization

Topology optimization can be deployed by transmission operators to optimize use of the
transmission network and re-route power as needed. Topology optimization relies on software
to model the grid and monitor real-time operating conditions (e.g., generation, demand, status of
grid infrastructure) to identify optimal power flow, and then uses existing hardware (high
voltage circuit breakers) to reconfigure route flow around congested portions of the network,
thus relieving congestion. 84

As an example, the Southwest Power Pool (“SPP”) conducted a pilot project in 2018 deploying
NewGrid’s Router topology optimization tool. The tool evaluated 100 flowgates across SPP’s
footprint with congestion during real-time operations and found solutions for 55 flowgates that
would result in at least 5% N-1 loading reduction. SPP deployed some of these identified
reconfigurations in real-time operations.®> A subsequent study commissioned by SPP in 2019
estimated that if topology optimization were to be fully deployed in SPP real-time operations,
congestion cost savings could be in the range of $18-44 million a year.86

Some of the benefits of topology optimization include:

e increases transmission capacity on the existing network (by approximately 5-50%),8”
which for congested portions of the transmission system reduces congestion costs and
decreases the costs of electricity for customers;

e can be deployed relatively quickly (between 3-6 months);38 and

e improves system reliability and resiliency by quickly identifying power flow
reconfigurations to address system constraints (congestion, transmission or generation
outages, etc.) and disruptive weather events.5?

84 WATT Coalition. What are Grid Enhancing Technologies?

85 NewGrid. Transmission Topology Optimization Case Studies in SPP and ERCOT. June 24, 2020.

86 SPP. Application of Topology Optimization in Real-Time Operations. 2019.

87 Massachusetts Institute of Technology - Center for Energy and Environmental Policy Research (“CEEPR”). A
Roadmap for Advanced Transmission Technology Adoption. September 2024.

88 Tbid.
89 NewGrid. Transmission Topology Optimization Case Studies in SPP and ERCOT. June 24, 2020.
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They also face the following challenges and potential drawbacks:

e introduces complexity and risk when operating the transmission system outside of
normal design configurations, or other common configurations;

e protection schemes associated with switching/topology optimization can lead to mis-
operation, which can create additional reliability concerns;! and

e operating the system outside of its normal design configurations can also introduce
thermal/voltage violations on the system.%2

5.3.3 Equipment and software to enhance operations and maintenance
5.3.3.1 Al-powered software paired with sensor technologies

Similar to the Al-powered software available for transmission siting and route analysis
(discussed previously in Section 5.1.1), Al-powered software can also be used to enhance
transmission operations and maintenance. As an example, Ampacimon’s GridLife asset health
monitoring software leverages Al-powered analytics and sensor technologies to improve asset
management, enable predictive maintenance, and prevent outages, ultimately improving system
reliability to the benefit of customers. The software monitors the grid using real-time data
collected through sensors and Al recognition to identify faults before they occur. This provides
transmission owners with useful insights to inform and prioritize their asset repair and
maintenance approach.

As another example, Al-powered digital twins can be used by utilities to identify vulnerable
infrastructure across their systems.” Digital twins are computerized replicas of physical assets,
which can be scaled to incorporate a utility’s entire system. Leveraging digital twins provides
utilities with much needed system visibility, enabling them to view their assets in granular detail,
as well as remotely stress test portions of their network to prioritize and coordinate asset repair
and maintenance schedules. Al modeling tools can also be used to simulate extreme weather
conditions (including storms or wildfires) to identify areas of system vulnerability.

9% Hedman, Kory W., et al. “A Review of Transmission Switching and Network Topology Optimization.” Institute of Electrical
and Electronics Engineers. November 30, 2010. P. 5.

91 DOE. Advanced Transmission Technology. December 2020. P. 15.
92 Tbid.

9 Power Grid International. How utilities can brace against wildfire risk. June 25, 2024.
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Though there is limited experience with the technology and the resulting framework may face
increased cybersecurity risk,% % the insights offered by Al-powered software solutions may be
able to greatly improve system reliability and resiliency by:

¢ enabling automatic, remote monitoring capabilities to provide utilities with heightened
awareness of asset health across their system, improving repair and maintenance
protocols and thereby reducing the risk of outages;

e provides cost savings by decreasing the need for truck rolls, as well as reducing the time
needed to be in-the-field to diagnose issues;

¢ holistic monitoring in one software suite enables utilities to track their assets in one
consolidated place; and

e incorporating predictive analytics that leverages massive amounts of data enables the
software solutions to detect inconsistencies and estimate where failures may happen on
the system before they happen.

5.3.3.2 Light detection and ranging

Light detection and ranging is a remote sensing technology that emits beams of light and then
generates 3D models based on the time it takes for reflections of the light to be picked up by the
sensor.% In the transmission space, LIDAR can be used to enhance transmission line inspections.
LiDAR can be mounted on drones (discussed previously in Section 2.3.3), enabling transmission
owners to efficiently collect data across vast transmission corridors. Due to the volume and
accuracy of data provided through LiDAR, transmission owners can better detect and locate
defects across their system. This provides transmission owners with useful insights that can
inform and prioritize their maintenance and vegetation management practices, in turn reducing
the risk of outages and improving system reliability and safety.9”

For example, ITC Midwest leveraged aerial LIDAR technology to conduct surveys of the high-
voltage transmission structures and lines across its service territories in lowa and Minnesota. The
data collected through these surveys will be used to maintain system safety and reliability, as
well as to inform infrastructure repairs following storms.

Other benefits of leveraging LiDAR technology include:%

e compared to alternative inspection methods (traditional foot patrols or helicopter
surveys), LIDAR technology mounted on drones balances two objectives - cost and speed;

94 Martin, Luke et al. Artificial Intelligence Use Cases in Transmission and Distribution.

9 Walton, Robert. “Artificial intelligence can help manage the grid but creates risks if deployed ‘naively,” DOE warns.” Utility
Dive. April 30, 2024.

% National Oceanic and Atmospheric Administration. Lidar 101: An Introduction to Lidar Technology, Data, and
Applications. November 2012.

97 Hepta. Using LiDAR for power line inspection.

98 JTC Midwest. ITC Midwest Conducting Aerial LIDAR Surveys of High-Voltage Transmission Lines. April 25, 2024.

9 SPH Engineering. LiDAR Power Line Inspection. May 29, 2024.
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e LiDAR collects high-precision measurements and high-resolution images that can be used
in conjunction with automatic data processing and Al recognition to provide useful
insights to transmission owners; and

¢ enables preventive maintenance through detailed inspections.
Some of the challenges and potential drawbacks of LiDAR include:1%0

e requires training of personnel to operate LIDAR mounted drones; and

e requires training of personnel to interpret the massive amounts of data produced through
LiDAR.

5.3.3.3 Energy storage as transmission assets

Energy storage systems, with their unique characteristics, are versatile resources that can provide
valuable transmission services to system operators to improve system reliability (such as inertial
response, frequency regulation, voltage support, and reactive power). Storage resources can also
be leveraged to either inject or absorb electricity to facilitate power flows on transmission lines
and manage congestion.’? As such, ISOs/RTOs across the country have been submitting
proposals to FERC to develop rules for “storage as transmission-only assets” (“SATOAs”), which
are intended solely to support the transmission system, and thus are not allowed to compete in
the wholesale markets.

For example, in October 2023, FERC accepted ISO-NE’s proposal for the system operator to
control SATOAs owned and maintained by transmission companies in order to prevent localized
overloading, to use as a last resort to prevent or mitigate outages, and to assist with system
recovery following an outage.102 FERC accepted a similar proposal by SPP earlier in May 2023.103

Some of the benefits of leveraging SATOAs are:

e deferring new transmission build and upgrades;

e alleviating congestion and improving transfer capability, thus reducing congestion costs
and decreasing the costs of electricity for customers; and

e improving system reliability by providing needed services (e.g., grid voltage support).

100 Thid.

101 Utility Dive. Energy storage is a cost-effective alternative to transmission to integrate renewables: study. January 17, 2023.

102 Utility Dive. FERC accepts ISO New England plan facilitating storage as transmission-only assets. October 26, 2023.

103 Washington Energy Report. FERC Approves SPP Proposal for Energy Storage to Be Considered Transmission-Only Assets.
June 22, 2023.
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They also face the following challenges and potential drawbacks:104

e necessary regulatory frameworks are not in place in all parts of the U.S. and can be highly
controversial;

e particularly in resource deficient areas, when SATOA is charging (acting as a load on the
system), this could exacerbate reliability issues in a given area; and

e depending on the size of SATOA assets (in MW), storage usually has a significantly
shorter life expectancy (e.g., 15 years compared to 60+ years for transmission lines)105 with
significantly higher O&M costs as well.

5.3.3.4 Shared inventory

As part of a utility’s business continuity and contingency planning efforts, the utility must ensure
that it owns or has access to sufficient spare equipment to not only address failures due to normal
wear and tear of equipment, but also recover from major events and outages.% One innovative
approach to address this problem is a shared inventory program, which involves pooling
resources among participating utilities to ensure that there are critical reserves of equipment
available to restore service following high impact grid events.

For example, Grid Assurance provides a shared inventory program on a subscription basis. It is
an industry-led solution that was established by American Electric Power, Berkshire Hathaway
Energy, and FirstEnergy. The subscription provides participating utilities with a grid restoration
solution, with access to a fully functional, warranted, and maintained reserve of critical
transmission system components that are currently subject to long lead times and thus are
difficult to obtain (including extra high voltage transformers, circuit breakers, and bushings). The
program ensures inventory is maintained in secure, domestic facilities across the country. The
program also offers pre-planned transportation and logistics plans, which estimates delivery of
needed equipment to event sites within 4-6 weeks. The program currently includes 32
transmission-owned affiliates with operations across 23 states.

Some of the benefits of shared inventory programs include:

e establishing meaningful partnerships across the sector, ensuring access to critical
equipment needed to maintain system reliability and resiliency to the benefit of
customers;

e avoiding prolonged outages and reducing timelines to replace damaged equipment by
maintaining an inventory of critical components and avoiding long lead times caused by
supply chain constraints; and

104 Twitchell, Jeremy. Energy Storage as a Transmission Asset. Pacific Northwest National Laboratory. P. 18. December 7,
2023.

105 National Renewable Energy Laboratory. Utility-Scale Battery Storage. February 26, 2025.

106 Edison Electric Institute. Spare Equipment and Grid Resilience.
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e pooling resources provides cost savings as it reduces the inventory that each utility must
hold individually.

However, shared inventory programs may also have drawbacks and need to be closely managed
to ensure that inventory is available in a time of need; reduced redundancy can be a risk as well
as a benefit. Especially when there are common failure events, but generally in a range of
circumstances, shared inventory programs may fall short of serving needs if multiple utilities
need to draw on them simultaneously. It is also critical that when there are fewer spares available,
extra care be exercised to ensure those spares are available, in good condition, and ready to
transport when needed.107

107 Cart.com. “ Shared warehousing vs dedicated: What should you consider?” March 5, 2024.
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6 Appendix B: List of acronyms

AAR
AB
ACCC
ACSR
AEP

Al
ANOPR
ATT
ATWG
Capex
CEEPR
CITAP
DLR
DOE
ENTSO-e
EPRI
FERC
GE
GET SET
GET
HTLS
1np

ISO

LEI
LiDAR
ML
NERC
NIETC
NYISO
NYSERDA
OEB
Ofgem
OPPD
PG&E
RG&E
RTO
SATOA
SCE
SDG&E
SPP
TRL
UAV
UuGv

Ambient-adjusted rating

Assembly Bill

Aluminum Conductor Composite Core

Aluminum Conductor Steel Reinforced

American Electric Power

Artificial intelligence

Advanced Notice of Proposed Rulemaking

Advanced transmission technology

Advanced Technology Working Group

Capital expenditures

Center for Energy and Environmental Policy Research
Coordinated Interagency Transmission Authorizations and Permits
Dynamic line rating

Department of Energy

European Network of Transmission System Operators
Electric Power Research Institute

Federal Energy Regulatory Commission

General Electric

Grid-Enhancing Technologies for a Smart Energy Transition
Grid enhancing technology

High Temperature Low Sag

Intelligent Image Processing

Independent system operator

London Economics International, LLC

Light detection and ranging

Machine learning

North American Electric Reliability Corporation
National Interest Electric Transmission Corridor

New York Independent System Operator

New York State Energy Research and Development Authority
Ontario Energy Board

Office of Gas and Electricity Markets

Omaha Public Power District

Pacific Gas & Electric

Rochester Gas and Electric Corporation

Regional transmission organization

Storage as transmission-only asset

Southern California Edison

San Diego Gas & Electric

Southwest Power Pool

Technology Readiness Level

Unmanned aerial vehicle

Unmanned ground vehicle
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8 Appendix D: LEI's qualifications
8.1 Background on the firm

London Economics International LLC is a US-owned and operated global economic, financial,
and strategic advisory professional services firm specializing in energy and infrastructure. The
firm combines a detailed understanding of specific network and commodity industries, such as
electricity transmission, distribution, and generation, with sophisticated analysis and a suite of
proprietary quantitative models that together produce reliable and comprehensible results. LEI
is active across the power sector value chain and has a comprehensive understanding of the issues
faced by investors, utilities, and regulators alike.

LEI's areas of expertise are briefly described in Figure 23.

Figure 23. LEI’s areas of expertise
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8.2 LEI’s expertise related to the electric transmission sector

LEI has extensive, in-depth experience in the transmission sector, spanning a broad array of
regulatory, market, and economic topics. LEI has worked with a variety of stakeholders and
institutions on electric transmission engagements including regional transmission organizations
(“RTOs”) and independent system operators (“ISOs”), regulators, vertically integrated utilities
and transmission owners, merchant transmission developers, independent power producers,
environmental groups, and coalitions of consumers. LEI Principals have also testified on a variety
of transmission related topics before policymakers, regulators, and siting organizations. LEI has
advised on many facets of transmission, from rate design and regulation, to planning and
investment analysis.
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LEI's key areas of work in the electricity transmission sector include:

e transmission rate design and regulation: LEI has extensive experience analyzing tariff
designs and developing new transmission tariffs using well-established techniques for
cost-of-service ratemaking, including empirically supported analysis of the cost of capital
and efficient cost allocation. LEI has also performed several productivity and
benchmarking studies to better understand the cost of service for RTOs and transmission
owners. Furthermore, LEI has worked on policy issues related to the introduction of
competition in transmission investment and the alignment of RTO practices (inter-
regional planning). LEI has also examined different methods for instituting market-
compatible transmission use charges and transmission congestion pricing. Finally, LEI
Principals have also testified on the topic of weighted average cost of capital and
appropriate risk compensation.

¢ valuing the benefits of transmission: LEI creates meaningful simulations of transmission
investment impacts using proprietary tools, conducts related cost-benefit analysis,
provides advice and analysis related to the valuation of congestion contracts, and has
performed several economic development studies to investigate the positive externalities
of infrastructure investment on local and regional economies;

¢ evaluating non-wires alternatives: LEI's expertise includes assessing and quantifying the
value of conventional and distributed energy resources as non-wires alternatives to
regulated transmission solutions, through analysis of the different generation
technologies’ costs, siting requirements, generation patterns, reliability implications to the
system, and practical factors related to policy compliance and alignment with timing of
needs; and

e procurement process and contract design: LEI applies fundamental economic principles
and an exhaustive knowledge of electricity markets to help governments, regulators, and
private companies create effective, rational, and transparent procurement processes,
including competitive solicitations for transmission capacity, and independent
management of open seasons and open solicitations.
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