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Transmission Planning Protocol: Leveraging 
Technology to Optimize Existing Infrastructure  
 

Executive Summary:  
Transmission planning and development is stuck in the late 20th century. The standard solution 
to a transmission need is to string a new transmission line or to keep an aging power plant 
running. The U.S. cannot afford this – neither the cost of building new transmission lines which 
is continuously increasing, nor the roadblock this approach presents to our transition to 
cleaner, cheaper sources of electricity.  

There is another option. Namely, using current day technologies to increase the efficiency of 
the existing transmission infrastructure. New transmission lines will always be needed, 
particularly in blank portions of the U.S. where no transmission infrastructure exists. However, 
much of the U.S. is already linked by a mesh of interconnected transmission lines. There is 
significant opportunity here to use cost effective, proven technologies to increase the efficiency 
of the current transmission system, ranging from dynamically adapting to real-time operating 
conditions to increase capacity, to using storage and other clean generation technologies to 
relieve congestion, shape load, relieve thermal overloading and provide voltage support.  

These technologies are not new, nor is their identification as transmission assets. Congress 
included them fourteen years ago in the in the Energy Policy Act (EPAct) of 2005 as part of a 
class of assets termed Advanced Transmission Technologies1 (ATT) and required FERC to 
encourage their use. However, since that time, little to no progress has been made to 
incorporate these technologies onto the bulk energy system (BES). Failing to do so is keeping 
ratepayers from benefiting from potential savings; hampering the transition to clean, lower 
cost generation in some cases; and creating challenges for grid operators. 

 

1 SEC. 1223. ADVANCED TRANSMISSION TECHNOLOGIES. (a) DEFINITION OF ADVANCED TRANSMISSION 
TECHNOLOGY.— In this section, the term ‘‘advanced transmission technology’’ means a technology that increases 
the capacity, efficiency, or reliability of an existing or new transmission facility, including— (1) high-temperature 
lines (including superconducting cables); (2) underground cables; (3) advanced conductor technology (including 
advanced composite conductors, high-temperature low-sag conductors, and fiber optic temperature sensing 
conductors); (4) high-capacity ceramic electric wire, connectors, and insulators; (5) optimized transmission line 
configurations (including multiple phased transmission lines); (6) modular equipment; (7) wireless power 
transmission; (8) ultra-high voltage lines; (9) high-voltage DC technology; (10) flexible AC transmission systems; 
(11) energy storage devices (including pumped hydro, compressed air, superconducting magnetic energy storage, 
flywheels, and batteries); (12) controllable load; (13) distributed generation (including PV, fuel cells, and 
microturbines); (14) enhanced power device monitoring; (15) direct system state sensors; (16) fiber optic 
technologies; (17) power electronics and related software (including real time monitoring and analytical software); 
(18) mobile transformers and mobile substations; and (19) any other technologies the Commission considers 
appropriate. 
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The transmission system is facing unprecedented demands and stresses that require action. 
Grid operators are being asked to integrate variable generation, dispatch distribution 
connected assets, continue to provide reliability in the face of increasing extreme weather 
events, and accommodate significant number of retirements even though the lead time to build 
new transmission has increased. Grid operators need cost effective solutions that they can 
bring online quickly. They need an expanded toolbox they can reach into to provide solutions, 
specifically Advanced Transmission Technologies.  

There is significant misunderstanding regarding the use of ATTs to provide transmission 
services. This stems in large part from the common definition of transmission: facilities that 
carry electricity from where it is generated to the interfaces with local distribution systems that 
deliver it to load. Technologies such as energy storage are ignored because they do not connect 
two points on the transmission system, therefore it is assumed they cannot fulfill transmission 
needs. This paper explains how these technologies are used as transmission assets and provides 
specific examples where they have been selected as the most competitive solution.  

In this paper, CRI distinguishes three categories of ATT applications and recommends needed 
steps FERC can take to move their adoption forward. The categories are: 

• Efficiency ATTs: technologies that are closely intertwined with the operational function 
of the transmission system (e.g. settings on transmission lines), may be implemented 
outside of the transmission planning process, and whose optimization may impact 
aspects of wholesale electric markets;  

• Transmission connected ATTs: technologies that can be used to improve the 
performance of the existing transmission system to fulfill a transmission need in lieu of 
building a new transmission line;  

• Distribution-connected ATTs: technologies that also can be used to fulfill transmission 
needs, but require operational coordination between the transmission operator and the 
distribution utility in order to do so.  

Distribution connected assets that are built for purposes other than fulfilling a transmission 
need (e.g. to serve customer needs for energy, peak load control, etc.), but coincidentally 
reduce the need for new transmission, are outside the scope of this paper.  

Without action from FERC, there is no reason to expect ISO/RTOs or transmission 
owners/operators to change course on their own. There is little to no competitive pressure that 
would drive change. The return on equity (ROE) compensation structure encourages 
transmission owners to propose and build the most expensive solution they believe they can 
get approved by regulators. Planning processes tend to limit transmission planners to 
evaluating the projects they are brought, particularly for solutions that provide an economic 
benefit, and generally provide limited opportunity for third-parties to submit alternatives. An 
examination of the existing ROE adder incentive applications shows that, in its current form, it 
has had almost zero impact on encouraging newer, lower cost solutions. Finally, very high 
reliability demands encourage grid operators to stay with historically proven solutions. In short, 
there is significant inertia that FERC needs to break through to achieve a modernized 
transmission system.  
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This paper outlines a simple protocol – where transmission infrastructure exists, leverage 
technology to optimize its performance. Technologies that optimize the existing system must 
be considered in conjunction with, and on an equal footing to, stringing new lines. To be clear, 
proposing that the U.S. optimize existing transmission infrastructure does not mean this 
country should stop building new transmission lines. There is a significant need for new 
transmission lines, particularly in large portions of the U.S. where none exist and large amounts 
of low cost, renewable generation can be sited. Overlooking solutions that can optimize both 
existing as well as new infrastructure, cost-effectively and quickly, is not an option we can 
continue to ignore. 

This paper includes four recommendations for FERC’s consideration to improve the adoption of 
Advanced Transmission Technologies to optimize the existing infrastructure:  

1. Develop new processes for deployment of “Efficiency ATTs” – Sitting squarely between 
transmission and market operations, Efficiency ATTs optimize power flows on 
transmission lines. These smaller projects have significant economic benefit, but may 
not be well suited to solve problems in the handful of highest congestion zones that are 
analyzed by each year by grid operators, therefore they are overlooked. FERC should 
consider whether new processes need to be developed, outside of transmission 
planning, to best implement Efficiency ATTs. 

2. Redefine incentives for ATTs – Return on equity adders are not encouraging ATTs and a 
new structure is required. A “shared savings” approach provides benefits for ratepayers 
and the companies that implement the projects.  

3. Enhance transmission planning processes and enable greater participation – A FERC 
policy statement is needed to clarify aspects of Order 1000 and ensure that ATTs, and 
improvements to the transmission system are evaluated on an equal basis as wires-
based new transmission. Specifically, transmission planning processes need to provide 
information and opportunities for submission of alternative solutions; ensure evaluation 
criteria are technology neutral; allow transmission planners to add evaluation criteria; 
ensure models accurately reflect the capabilities of technologies; and set standards for 
the evaluation of options. 

4. Initiate T&D Coordination between ISO & Distribution Companies – Distribution 
connected assets can provide transmission services. However, transmission operators 
need some form of visibility and operational control over these assets. Similar to the 
technical conference FERC held in 2018 regarding the participation of distribution 
connected assets in markets, FERC should take action to bridge the divide in order to be 
able to utilize these assets fully.  

Should FERC fail to act, it wouldn’t be surprising to see states work to wrestle some control 
over transmission planning through legislation targeting the siting approval process. For 
example, when faced with siting a new natural gas plant in order to meet a transmission 
reliability need, the citizens of Moorpark passed a resolution banning new power plants on the 
beach. Their opposition was ultimately successful, albeit painful for all involved. It is inefficient 
to oppose a recommended transmission solution during the siting process, years after it was 
initially planned. Ideally, FERC will take action to continue to modernize the grid.   
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I. Transmission Planning Today: Applying 20th Century 
Technologies to Solve 21st Century Problems 

 

The transmission grid in the US, like many other countries around the word, plays a critical role 
in our economy, quality of life, and transition to lower cost, cleaner sources of generation. It is a 
critical asset that is being asked to do more – such as integrating variable generation or 
allowing distribution connected assets to participate in bulk energy markets – and grid planners 
and operators must be able to use current day technologies to enable that transition. However, 
grid planning and transmission development is stuck in the late 20th century. The solution to 
most transmission problems is to build a new analog transmission line and ignore the 
capabilities of current day digital technologies. The US cannot afford this – neither the 
increasing cost of stringing new transmission lines, nor the roadblock it presents to our 
transition to cleaner, cheaper sources of electricity.  

This section outlines the problems and costs created by the lack of effective processes for 
adopting alternative solutions to transmission needs and integrating advanced digital 
technologies into the transmission system.  

 

US Transmission System- Born in the 1880s and Stuck in the 1960s 
From the first demonstration of a long 
distance (21 mile) alternating current (AC) 
electric line built for the 1884 International 
Exhibition of Turin, Italy, to the complex 
network of multi-voltage AC and DC lines 
that make up the transmission systems 
deployed globally, all modern electric grids 
started as a line extending from a central 
generator to a consumer load some remote 
distance away. As loads grew and 
generators multiplied so did the need for 
new transmission, and the need to plan 
modifications to existing transmission 
system to meet growing demands and 
changing needs.  

Transmission planning is generally conducted for the dual purposes of enhancing the efficient 
and reliable utilization of the existing transmission system and building new elements or 
upgrading existing elements of the system to enable new or expanded energy services 
(traditionally from the interconnection of new generators) to be delivered to customers. 
Historically, those new transmission elements were lines and wires, transformers and 
switchgear, and other attendant equipment. Generally the goals of the transmission planning 
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effort were to first improve or maintain reliability, second provide economic benefits by 
minimizing constraints and congestion, and finally to achieve regulatory and governmental 
policy objectives such as economic development and, more recently, low carbon and/or 
renewable energy requirements.2  

The U.S. has over five hundred distinct transmission owners. But the vast majority of the 
interstate transmission system was built in the 1950s and 1960s and is owned by a handful of 
vertically integrated investor owned utilities (IOUs).  

Although the Federal Energy Regulatory 
Commission (FERC) has had jurisdiction 
over the interstate transmission system in 
the U.S. since 19353, it did not exercise 
any comprehensive authority over 
transmission planning until its issuance of 
FERC Order 890 in 2007. There FERC 
required that transmission planning be 
made an open and transparent process 
with provision for input by any 
stakeholder who wished to participate in 
the process including allowing suggested alternative solutions to the recommended 
transmission system upgrades put forth by the planners working for the transmission owners or 
system operators. These transmission planning requirements were refined and expanded by 
FERC with the issuance of Order 1000 in 2012. For the first time in the U.S. with the issuance by 
FERC of Order 1000, transmission planning was required to be conducted in an open and 
transparent regionally structured stakeholder group rather than by individual transmission 
owner/operators.4 This meant planning, for transmission lines included in the ISO/RTO 
jurisdiction (e.g. above a specific voltage and specified in the ISO/RTO tariff) was removed from 
the incumbent transmission owner/operator control and often, as with the Regional 
Transmission Organizations (RTOs)5, given over to a regional independent entity to make 
transmission planning system decisions.  

 
2 These seem to be universal goals of transmission planners. They were codified in the U.S. by FERC Orders 890 and 1000. In 
Europe the European Network of Transmission System Operators for Electricity or ENTSO-E sets forth analogous objectives in its 
Strategic Plan. Similarly, in Australia the Australian Energy Market Operator or AEMO expressed similar goals for transmission 
planning in that country in its recent Integrated System Plan.  
3 Federal Power Act. 
4 Prior to the issuance of Order 1000 there had been regional transmission organizations (RTOs) where such regional planning 
took place. But Order 1000 codified that requirement and extended it to all regions of the country under FERC’s jurisdiction.  
5 RTOs are independent, generally non-profit corporations, established in various regions of the U.S. and Canada to operate 
and plan the transmission grid in their region. In the U.S. they are creatures of FERC orders established as voluntary 
organizations made up of the transmission owners within the region where they exist. There are seven RTOs in the U.S. All but 
one of them, ERCOT in Texas, are under the jurisdiction of FERC. ERCOT is under the jurisdiction of the Texas Public Utilities 
Commission.  
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While the planning process has changed in the last decade, the technologies used to connect 
generation and load are largely fixed in the 20th century. The US continues to rely almost 
exclusively on wires and poles. Yet at the same time, the grid is facing unprecedented 
challenges, and desperately needs to add new technologies to the toolkit of solutions. Congress 
identified these new technologies in Energy Policy Act of 2005, yet FERC has failed to date to 
encourage their deployment, as mandated by legislation.  

 

The Transmission System is Facing Unprecedented Challenges That Require 
Modern Solutions 
The electric transmission system (termed the “Bulk Electric System” or “BES”) in the U.S. is 
confronting unprecedented challenges.6 No longer are we in a world of local utilities simply 
meeting their customers’ needs by building the next generating plant and interconnecting that 
new plant to its electric system with a transmission tie line. The complexities of the multiple 
energy services that the existing and evolving modern transmission grid must provide are 
staggering. These new challenges include:  

• More extreme and difficult to predict weather events – congestion must be 
mitigated, reliability preserved, and resilience provided for in the face of increasingly 
common and severe climatic events such as heat waves, polar cold fronts, ice 
storms, wildfires, tornadoes and hurricanes; 

• Integrating increasing levels of variable generation – it is critical that the US continue 
to integrate ever increasing levels of variable generation such as solar and wind 
driven by the rapidly decline price of renewable generation, as well as the push to 
decarbonize the grid, or even the increasing state-based clean energy goals; 

• Adapting to unprecedented levels of retirements – the generation mix is undergoing 
a dramatic transformation as legacy central station coal, as well as some nuclear and 
gas, units are retired for environmental and cost reasons, bringing uncertainty and 
risk to the transmission planning process; 

• Accommodating mismatch in timelines to retire generation versus build new 
transmission – the timelines to notify transmission planners of a scheduled power 
plant retirement can be as little as ninety (90) days, and the timeline to plan, 
develop and commission a new conventional transmission asset- often three (3) to 
five (5) years minimum and sometimes as long as ten (10) years or more; 

 

6 For the U.S., Canada, and Mexico in 2014, the North American Electric Reliability Corporation (NERC) finalized its definition of 
the transmission system which was designated the “Bulk Electric System” or “BES” to include all transmission elements 
operated at 100 kV of higher, except for those elements primarily used in local distribution of electricity. See NERC (2014a): 
http://www.nerc.com/pa/RAPA/BES DL/bes_phase2_ reference_document_20140325_final_clean.pdf 
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• Integrating with the distribution system – the gap between the transmission and 
distribution system is narrowing as distribution connected assets increasingly 
participate in markets and distributed generation changes the load profiles and 
peaks that grid operators must accommodate;7 

• Unpredictable load growth – decades of predictable load growth have been replaced 
by flat or even negative load growth as energy efficiency, changes in manufacturing 
and distributed generation reduce load profiles, but whether this trend will continue 
in the face of proliferation of electric vehicles, heat pumps and other technologies is 
uncertain.8 As a result grid planners are facing wider ranges in future scenarios than 
they have in the past, making it hard to pin down solutions that provide a clear 
economic benefit.  

The example below, taken from CAISO’s load forecasts for Southern California Edison, shows 
rapidly declining load forecasts from 2011 to 2016 suddenly reversing in 2017. For over 100 
years grid planners could count on steadily increasing load growth. Now, load growth may be 
declining, flat, or increasing depending upon which competing mega trends prevail.  

 
Source: CAISO SATA Stakeholder meeting, June 2018 

Figure 1: Example Demonstrating That Load Growth Profiles Are Difficult to Predict, Southern California Edison 
Load Growth Transitioned from Increasing in 2011 to Quickly Declining in 2016 to Slowly Declining in 2017  

 

 

 

 
7 CAISO’s “duck curve” is a good example of distributed generation changing load profiles 
8 Brattle Group, The Coming Electrification of the North American Economy. March, 2019 
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Historically, grid planners have been able to rely upon predictable load profiles during the day 
based on time of year. With increased distributed generation, the shape of load profiles is 
changing, as the hours in which the peak occurs. With some of the highest distributed 
generation levels in the continental US, California is a good example of what will be occurring in 
the rest of the country in the decade to come as more and more customers choose behind the 
meter (BTM) generation such as solar. In 10 short years, the peak (top 10%) demand for 
electricity shifts from a 7 hour duration to 4 hour duration, and the need for fast ramping assets 
increases. 

 
Source: CAISO SATA Stakeholder meeting, June 2018 

Figure 2: Example Showing the Impact of Behind the Meter Generation on Bulk Electric System Load Shape, the 
Top 10% Load Duration Shrinks from 7 Hours to 4 Hours  

 

It is no wonder we are seeing an escalating need to invest in new transmission grid 
infrastructure. As the accompanying graph from EEI illustrates we have gone from investing less 
than five billion dollars ($5 billion) annually in our transmission grid to now over four times that 
amount.  
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Source: EEI 

Figure 3: Annual Investment in Transmission Has Increased Fourfold in 10 Years, Creating a Great Financial 
Burden for Ratepayers 

 

The need to continue to upgrade the grid and our reliance upon it as a critical asset will 
continue. What must change are the solutions used to solve these needs. We need solutions 
that are cheaper, faster to implement, provide grid operators with greater flexibility, and have 
less of an environmental impact on land and landowners.  

 

Evidence of Transmission Owners and ISO/RTOs Continuing to Overlook Twenty 
First Century Solutions 
Despite the fourfold increase in new transmission infrastructure, we have seen virtually no 
investment in advance modern technologies to make our existing grid stronger, more efficient, 
reliable, flexible and resilient. Lower capital, quicker to implement and smaller footprint 
solutions such as power electronics, energy storage, localized generation, load control, or even 
reconductoring of existing transmission, are repetitively ignored in lieu of high-capital cost, 
new, wires-based solutions. Ignoring these solutions is leading to higher transmission costs, 
greater congestion costs, negative pricing in clean energy zones in the US, and potentially 
delays to interconnect cheaper, and cleaner, generation.  

While the U.S. continues to overlook these technologies, other countries have not, and 
examples from the European Union and Australia demonstrates these technologies are 
proven.9  

 

9 Brattle Group & Grid Strategies, Improving Transmission Operation with Advanced Technologies. June, 2019.  
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Very High Congestion Costs Demonstrate Needed Transmission is Not Getting Built  

Lack of greater grid efficiency leads to consistently excessive level of transmission congestion 
costs that consumers must pay annually due to transmission line constraints and lack of 
advanced technology solutions to this ongoing problem. As the accompanying figure shows 
regional congestion in the RTO/ISOs alone exceeds $5 billion in 2018. Congestion costs reflect 
the challenges building new transmission. This could be due to a number of reasons including: 
no projects getting proposed by with the benefit to cost ratio greater than the threshold 
required by the ISO/RTO (e.g. benefit to cost ratio > 1);10 challenges siting new transmission 
possibly due to lack of right of way, pushback from impacted community, or inability to get 
environmental impact clearance; delays in getting through the approval process. Projects with a 
smaller environmental footprint, lower capital cost commitment and higher benefit/cost ratio 
may be easier to approve and build, thereby reducing congestion costs, but they are generally 
not considered as part of the planning process which focuses on larger projects. If low cost 
solutions such as power electronics were being considered and built, these congestions costs 
could quickly be reduced. 

 
Source: Transmission Congestion Costs in the US RTOs11 

Figure 4:  Congestion Cost Are High and Trending Upwards 

 

Negative Pricing in Strong Renewable Energy Resource Regions Shows More Transmission Is 
Needed  

An analysis of wholesale energy market prices shows significant increase in negative pricing 
where solar and wind resources are strong, or in regions with a significant clean energy goals. 
The center of the US has some of the strongest, steady winds making the center plains ideal for 
low cost, clean wind generation. Indeed, GW of wind generation have been built in the center 
of the country, with many more GW waiting in the interconnection queue.  

However, a recent analysis of energy market prices shows a surge in negative pricing in the last 
5 years, particularly for wind assets located in the center plains. Similar to congestion costs, 

 
10 Benefit to cost ratio is the standard test for ISO/RTO economic projects. Minimum threshold is 1.0, and higher in 
some ISO/RTOs, such as CAISO where the ratio threshold is 1.25.  
11 Schneider, Jesse. Transmission Congestion Costs in the U.S. RTOs. August, 2019. 
https://gridprogress.files.wordpress.com/2019/08/transmission-congestion-costs-in-the-u.s.-rtos-1.pdf 
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negative pricing in the energy markets is a symptom of inadequate transmission. If more 
electricity is generated than needed, spot energy market prices are designed to signal resource 
operators to reduce output or even shut down and stop generating. Some assets with high 
shut-down and start-up costs (e.g. older coal plants), must run assets that don’t have the ability 
to shut down (e.g. nuclear), and assets that continue to receive a tax credit to produce 
electricity (e.g. wind), will ignore market signals and continue to operate sending market prices 
negative.  

Increasing transmission, and decreasing associated congestion costs, will decrease negative 
pricing.  

 

 
Source: Lawrence Berkeley National Lab, The Impact of Variable Renewable Energy on Wholesale Power Prices: 

Implications for the Merchant Market Value of Wind and Solar. June, 2019 

Figure 5: Surge in Negative Pricing, Particularly in Central Plains, is Symptom of Challenges Associated with 
Building New Transmission  

 

Yet, There is an Increasing Trend to Push Back on the Increasing Cost of Transmission 

While energy costs have declined in the past decade, transmission costs have significantly 
increased. While this paper highlights the need for transmission, the emphasis is on finding the 
most cost-effective ways to increase transmission capacity by addressing the barriers to 
adopting a broader range of possible solutions. Ratepayers cannot afford to write blank checks 
and build transmission at any cost. Transmission must be cost effective or ratepayers will work 
to halt development of new transmission.  

This push back from ratepayers is evidenced by a variety of recent reports and filings that have 
documented the increasing cost of transmission, noting not only the cost, but also the lack of 
competition and the number of supplemental projects that are built without any regulatory 
oversight by the ISO/RTO. Examples include the recent Brattle Report on potential cost savings 
associated with transmission competition and the complaint brought by the CPUC, with other 
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parties, against PG&E at FERC.1213 The impact on ratepayers, and public power companies as a 
proxy for ratepayers, has been significant with some public power companies seeing their 
transmission costs double in seven years while demand has not increased.14  

Regulators have a responsibility to provide oversight of transmission companies and to ensure 
ratepayers money is spent effectively. ISOs and RTOs have a responsibility to ensure 
transmission is planned wisely, cost effectively and as efficiently as possible. Both parties also 
have a responsibility to ensure the existing transmission system is used most cost-effectively 
before new transmission is considered, and all technology options are used to improve the 
performance of the transmission system.  

 

With all of this Need for Cost Effective Transmission, there is Little Evidence of Advanced 
Transmission Technologies in FERC Incentive Order or ISO Planning 

With the market signals in place to encourage new transmission (congestion costs and negative 
pricing) and the concern over rising transmission costs, one might expect ISO/RTOs and/or 
transmission owners to be seeking solutions that leverage current day technology to solve 
transmission problems as cost effectively as possible. However, the record shows otherwise.  

There have been few FERC incentive orders and only two CAISO planning actions where 
Advanced Transmission Technologies (ATT)15 have been actively incorporated in to the 
transmission grid. FERC hearings on applications for incentive rate treatment peaked almost a 
decade ago in 2008, when FERC held 29 hearings. The commission approved 15 projects that 
year representing 5,356 miles of new transmission with an estimated cost value of $22bn. In 
2009, the number of hearings tapered off to 15 and each subsequent year there were fewer 
and fewer filings. Over a nine-year period starting in 2006, there were 123 filings with the last 
coming in mid-September 2014. None of these filings requested the use of an ATT as a 
substitute for conventional transmission infrastructure.  

FERC has relied upon incentives to encourage transmission owners to bring forward projects 
with new, promising technologies. However, as highlighted above, only a very few have 
requested an incentive for an ATT to be incorporated into a conventional transmission project 
with more traditional infrastructure. And even in those instances the ATTs deployed were 

 
12 The Brattle Group, Cost Savings Offered by Competition in Electric Transmission. April, 2019.  
13 The California Public Utilities Commission, with other parties, registered a complaint with FERC, Docket # EL17-
45-000, regarding PG&E’s practice to perform 80% of transmission planning is done on an internal basis with 
opportunity for stakeholder review. FERC denied the complaint in August, 2018 on the basis that the complainants 
have not met their burden of proof obligation.  
14 American Public Power Association is working to raise awareness regarding the impact of increased transmission 
costs, “some members have had their transmission rates more than double in seven years when their [demand] 
has not risen that much at all,” said Sue Kelly, president and CEO of APPA, whose members provide electricity to 
49 million people in 49 states. “This is becoming very onerous and concerning to our members.” 
https://governorswindenergycoalition.org/public-utilities-urge-ferc-to-rein-in-transmission-rates/ or 
https://www.kpp.agency/appa-news/1802-concerns-over-rising-transmission-rates-voiced-at-conference 
15 Advanced Transmission Technologies were included in the Energy Policy Act of 2005 and defined in the Federal 
Power Act.  
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generally dated technology such as static Var compensators, or phase monitoring units. The 
“risks” that typically have received incentives were projects of high financial risk or standard 
incentive adders for participation in an RTO or being independent of markets. ATTs were 
seldom in the equation. Therefore, evidence shows that incentives are not encouraging 
transmission owners or ISO/RTOs to work to incorporate current day technology in solving 
transmission problems. 

 

Existing Incentive Structure and Return on Equity Compensation System is a Disincentive to 
Consider Low Cost Solutions 

With the drop off in incentive requests, except for standard adders mentioned above, 
traditional transmission owner/operators seem complacent and willing to ignore ATTs and 
apply to plan for and receive cost recovery of transmission upgrades primarily with 
conventional technologies. The incumbents have no incentive to propose ATTs in the planning 
process. One might conclude that it is because ATTs are not cost effective. In fact, it is because 
of the ATTs’ ability to provide comparable transmission services at substantially lower costs 
that incumbents have a financial disincentive to propose them. With a return on equity 
compensation model, transmission owners are incentivized to propose the most expensive 
project they believe they can get approved. Combined with little to no competition, there are 
no market factors to force a correction. It is up to the independent ISOs/RTOs and regulators to 
force a needed change.   

While independent of their member transmission owners, the ISO/RTOs have little impetus to 
deviate from the status quo to suggest and incorporate these new technologies into their 
systems. This may be due to their unfamiliarity with ATTs and the absence of clear procedures 
for integrating them into grid and market operations. As a result there is a significant downside 
risk for them if the new technologies fail to perform as needed, while any upside benefit in 
reducing transmission costs may be difficult to quantify even if the ATTs are a success.  

 

Specific Examples of ATTs Being Overlooked in Transmission Development  

With the complete lack of evaluation of ATTs as solutions to fulfill transmission needs, it would 
be logical to conclude that these technologies are not cost competitive. In fact, an investigation 
of public records for recent proposals of costly transmission show that ATTs were simply never 
considered. Transmission operators are simply not considering these technologies, even in 
cases where building transmission would be exorbitantly expensive, such as undergrounding. 
Or, even in cases where ATTs could have been included at no cost to ratepayers, transmission 
owners have refused.  

 

Glebe – Potomac River 230 kV Transmission Line:  

Approved by PJM in 2014, the Glebe – Potomac River transmission line was assigned to 
Dominion Energy, and conceived as a 2 mile underground project, plus substation upgrades and 
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other improvements, with an estimated cost of approximately $400M for the preferred route.16 
Designed to fulfill a reliability constraint caused during a “multiple contingency” scenario (i.e. 
two significant failures occurring on the transmission system), the high cost of the transmission 
line was largely driven by the challenges of building in a highly urban environment right outside 
of Washington D.C., along with local, city, requirements to underground new lines.  

Originally designed to be in service by 2018, ultimately the downward trend in load forecasts 
drove PJM to initial postpone the in-service date, and then conclude in late 2018 the project 
was no longer necessary. Dominion is still proceeding with a scaled back version of the project 
to comply the city’s requirements, but the original project has been scaled back.  

Significant pushback from the community, as well as the cost of the project, indicated the siting 
approval process was not going to be straightforward before the project was cancelled. While 
the utility looked at a variety of corridors for the two mile line, it never evaluated any 
technologies other that a transmission line to fulfill the need. 

Neosho-Riverton transmission line 

Energy market pricing data shows significant portions of the US are starting to experience 
negative pricing, particularly in areas with strong wind resources such as the center of the US. 
While there are a number of solutions to mitigate negative pricing, reducing transmission 
constraints and providing ratepayers with greater access to low cost generation is one solution. 
A wind farm that is currently experiencing significant congestion during certain hours of the 
year commissioned a study to examine options for increasing the efficiency of the existing 
transmission system, specifically using Dynamic Line Rating (DLR) technologies which increases 
the load carrying capacity of existing transmission during windy conditions, which directly 
correlates to times that wind farms have increased production. The study concluded 
incorporation of DLR at nearby interconnecting lines would payback in less than two months17 
by increase transmission capacity and reduce congestion costs. The wind farm owner agreed to 
pay for the entire cost of the installation, but the transmission owner refused to agree to have 
the lines dynamically rated. As a result higher carbon resources are providing energy at times 
when zero carbon wind could do so at a lower price to consumers. 
 

II. FERC Has the Mandate to Encourage Advanced 
Transmission Technologies 

The lack of deployment of advanced transmission technologies has not been without specific 
directives by Congress and FERC to do so, however. The Congress in the 2005 Energy Policy Act 

 
16 Dominion Energy, Glebe – Potomac River 230 kV Transmission Line Project. January 11, 2018.  
17 Incorporating Dynamic Line Ratings to Alleviate Transmission Congestion, Increase Wind Resource Utilization, 
and Improve Power Market Efficiency, CIGRE US National Committee, 2106 Grid of the Future Symposium. 
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defined in legal terms Advanced Transmission Technologies and specifically directed FERC to 
encourage their deployment.  

Section 1223 of EPAct 2005 amended the Federal Power Act (FPA) and defined “Advanced 
Transmission Technology”(ATT).18 First in the list are devices normally associated with 
transmission wires and substations providing traditional transmission services. But at item (11) 
and beyond in the list, Congress sets forth additional classes of assets not usually directly 
associated with transmission. Section 1223 states: 

(a) DEFINITION OF ADVANCED TRANSMISSION 
TECHNOLOGY. — In this section, the term ‘‘advanced 
transmission technology’’ means a technology that 
increases the capacity, efficiency, or reliability of an 
existing or new transmission facility, including  

“… (11) energy storage devices (including pumped hydro, 
compressed air, superconducting magnetic energy 
storage, flywheels, and batteries); 

(12) controllable load; 

(13) distributed generation (including PV, fuel cells, and 
microturbines); 

(14) enhanced power device monitoring; 

(15) direct system state sensors; 

(16) fiber optic technologies; 

(17) power electronics and related software (including 
real time monitoring and analytical software);…” 

and finally, 

“… (19) any other technologies the Commission considers 
appropriate.”19 

After the enumerated list of “Advanced Transmission Technologies,” the amendment continues 
in subsection “(b) Authority” and there confers on FERC the specific authority to encourage 
such technologies under the Commission’s general authority set forth in the FPA. Specifically, 
the statute states: 

“(b) AUTHORITY 

In carrying out the Federal Power Act (16 U.S.C. 791a et 
seq.) and the Public Utility Regulatory Policies Act of 
1978 (16 U.S.C. 2601 et seq.), the Commission shall 

 

18 Pub. L. 109–58, title XII, § 1223, Aug. 8, 2005, 119 Stat. 953. 
19 EPAct 2005, Section 1223, Title 42 U.S. Code § 16422, Chapter 149, Subchapter XII, Part A (2005).  
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encourage, as appropriate, the deployment of advanced 
transmission technologies.”20 

To summarize, Congress defined a wide array of technologies including batteries and other 
storage devices, controllable load (demand response systems), distributed generation (solar PV, 
co-gen, combined heat and power [CHP], fuel cells, and others), and even the software and 
controls for these systems as ATTs. Further, Congress then explicitly directed that in carrying 
out its duties under the FPA, FERC shall encourage the deployment of these technologies.  

FERC in fact did, via regulation, attempt to encourage the use of these technologies in our 
transmission system. Specifically, in its seminal transmission planning order, Order 890, issued 
in 2007 FERC stated: 

“Through EPAct 2005 sec. 1223, Congress also directed the Commission to 
encourage the deployment of advanced transmission technologies in 
infrastructure improvements, including among others optimized 
transmission line configurations (including multiple phased transmission 
lines), controllable load, distributed generation (including PV, fuel cells, 
and microturbines), and enhanced power device monitoring.”21  

FERC further determined in its 2006 transmission incentives Order 679 that ATTs could be 
eligible for transmission rate of return incentives on a case-by-case basis.22  

But despite these directives by FERC in Orders 890 (as reaffirmed in Order 1000) and Order 679, 
there has only been one case where FERC has recognized the potential use of an ATT. That was 
in the Western Grid case where FERC approved the compensation of energy storage assets as 
an asset that could provide transmission services.23 While FERC approved the use of storage as 
transmission asset in Western Grid, a wires-based solution was ultimately found to be more 
competitive.  

FERC is currently undertaking a review of its transmission incentives Order 679 in a Notice of 
Inquiry.24 As part of that review commenters are suggesting providing various targeted 
incentives for certain classes of ATTs. Certainly the history of Order 679 has demonstrated that 
the initial case-by-case approach to ATT incentives has not been effective. 

 

20 EPAct 2005, Section 1223, Title 42 U.S. Code § 16422, Chapter 149, Subchapter XII, Part A (2005). 
21 Preventing Undue Discrimination and Preference in Transmission Service, FERC Order 890, P. 436 (2007).  
22 116 FERC ¶ 61,057 UNITED STATES OF AMERICA FEDERAL ENERGY REGULATORY COMMISSION 18 CFR Part 35 
(Docket No. RM06-4-000; Order No. 679) Promoting Transmission Investment through Pricing Reform, P. 290 
(Issued July 20, 2006)  
23 Western Grid Development, LLC, 130 FERC ¶ 61,056, (Issued Jan. 21, 2010). 
24 https://www.ferc.gov/whats-new/comm-meet/2019/032119/E-1.pdf 
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III. Understanding How ATTs Can be Used as Transmission 
Assets  

There is widespread misconception and confusion regarding the use of ATTs such as Dynamic 
Line Rating, energy storage, load control or distributed generation as transmission assets. 
Individuals reading this paper may curious to understand how each of these technologies work 
to provide transmission services.  

This section separates these technologies into different categories, explains how the 
technologies can provide transmission services, and outlines their benefits.  

 

ATTs Increase the Efficiency of the Existing Transmission Infrastructure 

At a high level, ATTs improve the performance of the existing transmission system. They are not 
a solution where no transmission infrastructure pre-exists, but they are an option in vast 
sections of the US where a significant mesh of transmission lines has already been built. Like 
any other aspect of the electrical generation, transmission and distribution infrastructure, the 
transmission system has been sized to meet peak loads. Technologies that can target and 
reduce peaks, shape loads, minimize congestion on transmission lines, and provide voltage 
support, all improve the performance of the existing transmission infrastructure. In some cases, 
not all, ATTs will be the quickest and/or cheapest solution.  

 

Three Distinct Categories of ATTs 
ATTs as defined in EPAct 2005 comprise too broad a range of facilities and technologies to be 
discussed as a single category. Regulatory boundaries in the US require ATTs to be classified 
into different categories.   

From a regulatory perspective, FERC has regulatory authority over the bulk electric system (e.g. 
wholesale markets, transmission, transmission connected assets, transmission owners and/or 
operators, grid planners and operators). State commissions have regulatory authority over 
distribution utilities and distribution system. FERC has set precedents with Order 745 and 841, 
which allow distribution connected load control and energy storage to participate in wholesale 
markets respectively. However, there is less clarity on distribution assets being compensated as 
transmission. Therefore, we delineate between transmission connected, and subject to FERC 
regulations, versus not.  

From a cost recovery perspective, FERC grants rate recovery for transmission assets that fulfill a 
transmission need and authorizes the ISO/RTO to collect those costs via Transmission Access 
Charges. A collection of solar homes that coincidentally reduce a need for transmission, but 
were not built to do so, nor are they under operational control by the ISO, are not transmission 
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assets. Therefore, we delineate between projects that are designed to fulfill a transmission 
need, and controlled by the ISO (at least some portion of the time), versus not.  

Finally, we distinguish between ATT projects that may best fit into an ISO transmission 
operations function versus a planning function – specifically projects such as flow control 
software or the dynamic (versus static) resetting of line limits. These projects will improve the 
effectiveness of existing transmission system, but given their integral link to how the ISO/RTO 
operates the transmission system minute to minute, we separate these projects to allow for the 
possibility that they may not be the result of transmission planning.  

Therefore, the following three categories have been defined: 

• Category A / Efficiency ATTs: Flow-control devices that attach to existing transmission 
facilities and can dynamically modify or re-direct power flows, either under grid 
operator control or by autonomously responding to grid conditions, and thereby 
improve the operating efficiency and capacity utilization of the existing transmission 
system. Of particular interest here are devices that can be implemented quickly, and in 
some cases may even be removed and relocated quite easily, and are dramatically lower 
in cost than traditional transmission upgrades and additions. Examples of technologies 
in this category include dynamic line rating or flow control devices.   

• Category B / Transmission Connected ATTs: All other types of ATTs that interconnect to 
the transmission system, such as storage devices, or transmission connected generation, 
and able to provide economic, reliability, or policy-based transmission needs.25 

• Category C / Distribution Connected ATTs: All types of ATTs that interconnect to the 
distribution system (i.e., distributed energy resources (DER) on either the customer side 
or the utility side of the meter, load control) and are implemented explicitly to offset an 
identified need for a transmission service. 

Distribution connected assets that were not adopted specifically to offset a transmission need 
but coincidentally reduce a need for transmission are outside the scope of this paper. It is 
recognized that these types of assets provide value, as demonstrated by CAISO’s recent 
cancellation of $2.6B in previously approved transmission infrastructure.26 None the less, these 
DER should be reflected in the load forecasts used in transmission planning and continue to be 
compensated through alternative mechanisms.  

 

 
25 Based on FERC’s Declaratory Order for Western Grid, Transmission connected energy storage that only provides 
transmission services are transmission assets that can be included in cost-of-service tariff. Even though FERC 
issued a Policy Statement on energy storage that participates in markets and provides energy services, ISO/RTOs 
have yet to update their tariffs to reflect this dual use functionality. Generation assets that fulfill a reliability-based 
transmission need can receive cost recovery as a transmission asset via a Reliability Must Run (RMR) contract.  

26 https://www.utilitydive.com/news/efficiency-ders-saving-26b-in-avoided-transmission-costs-caiso-says/519935/ 
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Adoption of “Efficiency ATTs” (Category A) Outside of Transmission Planning 
Processes to Improve System Operating Efficiency and Capacity Utilization 
The category this report refers to as Efficiency ATTs — exemplified by dynamic flow-control 
devices that can help manage congestion and increase transmission system capacity utilization 
— can and should be considered by system operators and transmission-owning utilities as ways 
to improve the operating efficiency of their systems at relatively low cost and with much 
shorter implementation times compared to conventional transmission projects. For this reason 
this report recommends that their use not be limited to addressing needs identified in 
transmission planning processes. Rather, transmission operators should evaluate them from an 
operational perspective, outside of regular transmission planning processes, as ways to achieve 
economic benefits for transmission system users through reduced congestion costs and 
increased capacity factors even in areas of the system where more conventional congestion 
studies would not find a high enough benefit-to-cost ratio to justify a conventional transmission 
upgrade.  

At the same time, we recognize that the approach suggested here is somewhat novel, as it 
would involve transmission operators taking on new operational assessments of potential 
Efficiency ATT applications and formulating criteria for deciding to adopt them. In addition, 
given the limited use of these devices to date in U.S. ISO/RTO systems, there is a need to 
identify any operational concerns or potential unintended spot market impacts that their use 
may raise and find ways to mitigate such concerns. This report therefore recommends that 
FERC initiate an industry-wide discussion of Efficiency ATTs, starting with a formal inquiry and 
technical conference, to explore their potential benefits and identify and address operational or 
market-impact concerns they raise. This recommendation is further elaborated in the 
recommendations section later in this report.   

 

Example: Study Determines Using Efficiency ATTs Can Save $890M Annually in PJM 

A 2016 study compared the cost of two transmission upgrade scenarios required to 
accommodate 30% renewables in PJM – the first is a standard transmission upgrade scenario 
and the second includes include power flow technologies.27 The conclusion of the study is that 
adding power flow technologies saves $890M annually, approximately $268M of the savings 
comes from lower transmission upgrade costs and $623M in reduced congestions costs. 
Achieving a significant shift in generation mix requires dramatic transmission upgrades. But 
including power flow technologies lowers the cost of the required transmission upgrades and 
adds significant additional savings from further reducing economic congestion.  

 

 
27 DNV GL, Assessment of Applicability and Cost Savings of Deploying Smart Wires Power Flow Controls to 
Integrated Renewables Energy in PJM. June, 2016 
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How Transmission Connected ATTs can Fulfill Economic, Reliability or Policy-Based 
Transmission Needs Identified in the Planning Process 
FERC Order 1000 identifies three distinct criteria for identifying upgrades to transmission 
system during the planning process: economic, reliability and policy. Each is distinct, and often 
analysis is even conducted in sequence. For reliability and policy-driven projects, the ISO/RTO 
planners work to identify the most cost-effective solution to the need. For economic projects, 
the selection criteria focus on benefit to cost ratio.  

 

Economic: 

The objective of economic projects is to allow greater access to lower cost generation by 
increasing the amount of electricity the transmission system can carry between specified 
locations without violating operating limits on transmission facilities. Economic projects are 
designed to increase the transfer capability, or the MW of electricity that can be transferred 
between points on the transmission system without violating any reliability limits.  

As part of multi-year process, ISO/RTOs typically identify a number of regions that are subject 
to high congestion charges to study in a transmission planning cycle to determine if potential 
upgrades are warranted. Potential projects are submitted by existing or potential transmission 
owners and evaluated by the ISO/RTO on their benefit-cost ratio.  

A variety of Advanced Transmission Technologies can increase the transfer capability of the 
existing transmission system. Some examples include: 

• dynamic line rating technologies to increase the transfer capability of existing lines;28 
• energy storage technologies to actively clip and store momentary peaks on the 

transmission line that exceed the transfer capability of the line;  
• distributed generation, possibly combined with storage, to reduce peak load, and 

congestion, locally on lines or other elements of the transmission system that are 
limiting transfer capability; and  

• energy storage technologies used as contingency elements to respond to an outage, 
allowing existing transmission lines to operate at full capacity, instead of operating 
those lines at partial capability to preserve capacity that may be needed in case of a 
contingency.  

This list of examples above is not designed to be exhaustive, there are many other applications 
that may increase transfer capability and reduce congestion charges.  

 

28 Switching from static to dynamic line ratings in order to increase the power that can be carried on a transmission 
line is a combination of both hardware located in the field, grid-operator software incorporating the field data, and 
operational procedures that allow operators to use the technology. Therefore is more than just the assets located 
in the field.  
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In much of the country, the transmission system is comprised of an complex mesh of high and 
low voltage transmission lines. If the objective is to transfer low cost electricity, possibly from 
solar or wind, to a load center like a city, electricity may hit bottlenecks as it flows from 
generation to load on the existing mesh. In some cases, lower voltage transmission lines, 
substations, or other hardware, can be those bottlenecks.  

It can be intuitively easier to understand how ATTs can increase transfer capability by imagining 
the flow of water. Points that constrict the flow of water in a river, such as narrow canyon, can 
cause the river to overflow its banks upstream of the canyon during periods of heavy rain or 
snow melt. There are two options for avoiding this upstream flooding – either diverting some of 
the water upstream from the canyon and limiting the water that goes through the canyon, or 
widening the canyon. A new transmission line is the electrical equivalent to diverting water. 
Dynamic line rating, distributed generation, energy storage or even reconductoring an existing 
transmission line are all the equivalent to widening the canyon, as highlighted below: 

• Dynamic line rating: Dynamic Line Rating uses real-time measurements to determine 
the transfer capacity of an existing transmission line by measuring a variety of factors 
including line temperature and wind speed. Higher wind speeds cool transmission lines 
and increase the amount of power the line can carry. This may allow grid operators to 
increase the MW carried on the line instead of observing conservative pre-set, or static, 
limits that may just be set seasonally.29 This is particularly valuable for congestion 
caused by wind generation, since wind asset production is at the highest when DLR 
technologies could provide the greatest value.  

• Strategically sited generation: Strategically placed, potentially easier to site generation 
such as solar and/or storage, to minimize congestion on the constrained lines, 
substations, or other equipment. Congestion on the transmission system is not 
uniformly distributed. It will be concentrated on specific lines or substations. Identifying 
where congestion is clustered, such as substation or older transmission line, and 
strategically placing generation there to reduce constraints can improve the overall 
transfer capability of the transmission system. There are a few challenges with this 
approach. First, there must be the ability to site generation or storage strategically. 
Solar can often be one of the easiest generation technologies given its low profile, 
compliance with increasingly restrictive air quality requirements and comparatively easy 
access to fuel. However, it’s only a solution if solar production hours correlate with 
congestion hours. Additionally, grid operators will want assurance the asset is available, 
therefore there may be the need to pair variable generation like solar with storage. 
Depending upon the hours of congestion, stand-alone storage asset may be a better 
solution to reduce congestion since it is even easier to site. Regardless of the 
technology, the asset would need to be operated by the ISO/grid operator to provide 

 
29 Tsuchida & Gramlich, Improving Transmission Operation with Advanced Technologies: A Review of Deployment 
Experience and Analysis of Incentives. June 24, 2019 
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congestion relief. Depending upon ISO/grid operator visibility and control, the assets 
may need to be transmission connected.  

• Energy storage: Battery storage is a flexible tool that can be used in a variety of ways to 
minimize congestion. A couple of examples include using storage to: “push back” on a 
lower capacity transmission line; store generation contributing to congestion; clip or 
shape peak demand causing congestion; or as a standby asset to be available in a 
contingency and allow existing transmission lines to be used at full capacity. The ability 
of storage to cost effectively compete with a new transmission line in any of the 
examples described above is contingent on the magnitude and duration of the 
congestion and will be unique to each scenario.  

Congestion charges occur where there are constraints. Without any congestion charges, the 
lowest cost generation asset can be dispatched to provide electricity, regardless of how far 
away it is from load. As the transmission system starts to reach capacity, added congestion 
charges change the local price of electricity. A local generation asset that isn’t economically 
viable with zero congestion charges becomes the lower cost solution when congestion charges 
reach a certain point.  

A power flow analysis is critical to identifying constrictions on the transmission system and 
developing solutions. It is critical to know not just the magnitude (MW) but also the duration 
(hours). Just as flooding occurs during times of heavy rain or rapid snow melt, congestion 
charges or reliability limitations will occur on the transmission system during peaks – either 
peak load or generation hours. The duration of a flood can be harder to predict that hours of 
peak generation or load, but similarly floods are typically measured in days, not months nor 
years.  

The benefit-cost analysis used by the ISO/RTO to evaluate solutions to economic-based 
transmission needs, combined with a return-on-equity (ROE) financial model in the absence of 
competitive procurement processes, motivates transmission owners to propose the highest 
capital cost solution with a cost-benefit ratio that just meets the ISO/RTOs threshold 
requirements since there is little competition in transmission development. Additionally, many 
ISO/RTO transmission planning processes offer limited opportunity for non-incumbents to 
submit alternative proposals, or may lack transparent and effective criteria for comparing them. 
Therefore, low capital cost solutions or options with an excellent benefit-cost ratio are often 
just never considered. Frequently, these lower cost solutions can be quicker to implement and 
carry less of an environmental impact.  

Where these solutions are evaluated, they are frequently more cost effective. Most of the 
scenarios where an alternative to a transmission line has been evaluated it have been to fulfill a 
reliability-based transmission need. The following two examples, pulled from recent related 
transmission cases, contrast how Alternative Transmission Solutions have been included or 
evaluated as transmission assets.  
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Example 1: PJM 2018/2019 Regional Transmission Expansion Plan 

PJM’s Regional Transmission Expansion Plan (RTEP) process does encourage parties to submit a 
broad range of solutions. The 2018/2019 RTEP provides clear examples of the cost ranges for 
power flow, energy storage, and wires-based solutions. In their economic analysis, PJM 
identified a number of constraints causing economic congestion, including a 115 kV 
transmission line running from Hunterstown to Lincoln, costing $21M in congestion in 2023, 
increasing to $30M per year in 2026. PJM received 22 proposals to solve this problem, of which 
6 solutions included technologies that fall under the umbrella of Advanced Transmission 
Technologies. 

 

Technology Number of Proposals 
Received 

Cost Range / Benefit 
to Cost Ratio 

Proposed In Service 
Date 

Power flow 1 $4.6M / 110 2022 

Energy storage or 
storage plus wire 
upgrade 

5 Capital cost: $17- 
$29M 

Benefit/Cost ratio: 4 
– 25  

2021 

Wires & substations 
(upgrades and new) 

16 Capital cost: $7.2M - 
$290MM 

Benefit / Cost ratio: 2 
– 76  

2023 - 2024 

Summary of ongoing PJM RTEP 2018/2019 Market Efficiency Analysis for Hunterstown – Lincoln 
Congestion Relief30 

As can be seen, a power flow-based solution is the lowest cost, with the high benefit/cost ratio. 
Solutions that include storage all fall within a tight cost cluster, with benefit/cost ratios that 
compete with wires-based solutions. The broadest category is wires-based solutions which 
range from a low of $7M to $290M, with very wide range on benefit/cost ratio as well. PJM 
project selection date is anticipated in December, 2019.31  

 
30 PJM Market Efficiency Update, 7/11/2019 

31 PJM Market Efficiency Update, 4/11/2019: https://www.pjm.com/-/media/committees-
groups/committees/teac/20190411/20190411-market-efficiency-update.ashx 
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While it is helpful that PJM has a process that allows non-traditional solutions to be offered and 
evaluated, PJM has a history of awarding projects to incumbents.32 With the exception of the 
power flow solution, which specifically states it is using a 3rd party technology, not enough 
information is available at this point to know if incumbents offered any solutions that include 
Advanced Transmission Technologies. It is encouraging that in a limited number of cases the 
ISO/RTOs are considering ATTs. However, the evaluation of technologies to fulfill transmission 
needs should be widespread and routine instead of rare.  

 

Reliability: 

Reliability violations fall into two categories – thermal and voltage. In solving a reliability-based 
need, transmission planners are looking for solutions that can ensure thermal violations remain 
below limits or maintain voltage excursions within acceptable thresholds. 

Thermal thresholds are typically exceeded when transmission lines are asked to carry too much 
power for the existing conditions (e.g. ambient temperature and wind speed). Load growth is a 
key factor that can cause grid planners to predict thermal violations in the future, either due to 
a peak or when grid operators need to reconfigure the grid to respond to an outage, planned or 
not. As in economic-based transmission needs, there are two types of solutions to thermal 
violations – those that increase the amount of power that can be carried by transmission lines 
versus those that reduce load locally.  

Repeating the water analogy, there a two solutions when a city’s population increases such that 
it can no longer be supplied by the existing water mains that transport water from adjacent 
areas to the city. The first is to build new water mains to transport more water. The second is to 
implement efficiency measures such as low-flow shower heads that reduce the need for water 
and/or build water tanks in the city to hold water in reserve which is used during peak hours 
and refilled during non-peak. A new transmission line is the electrical equivalent of a new water 
main. Energy efficiency, demand response, distributed generation, and energy storage are the 
electrical equivalent to efficiency measures to decrease water use and holding tanks.  

Voltage excursions outside accepted threshold (above or below design limits) typically occur in 
abnormal operating conditions, such as those caused by sudden failure or during the process of 
recovering from a failure. One of the key drivers of voltage violations is the mismatch between 
generation and load. Additionally, maintaining voltage within limits can be difficult under 
certain operating conditions such as very light load. NERC requires transmission system to 
continue to operate under defined circumstances, therefore it can be important for grid 
operators to maintain some “head room” on transmission lines in order to be able to respond 
quickly to a sudden failure and import more power into an area experiencing a failure. One of 
the scenarios grid operators fear the most is voltage collapse, a self-feeding scenario where one 

 
32 Based on 2017 FERC staff report, of the last 119 projects that PJM has awarded via a competitive solicitation, 
one was awarded to a non-incumbent. Source: Rahim Amerkhail et al., 2017 Transmission Metrics, Staff Report, 
FERC, p. 26, Oct. 2017. 
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failure cascades into many becoming a domino effect that culminates in a large scale backout. 
The ability to respond immediately to correct a small problem before it becomes a larger one 
requires very fast responding assets. While demand response may be a solution to reduce a 
predictable peak and keep transmission lines within thermal limits, solutions that protect 
against unpredictable voltage excursions are typically automatic.33 

In some cases, generation facilities that want to retire because they are no longer economically 
competitive can be kept online to run in limited circumstances under a Reliability Must Run 
(RMR) contract with the ISO. RMR generation facilities are designed to provide local generation, 
thereby reducing the amount that must be carried on the transmission line. The local power 
plant can either provide local generation to avoid hitting a thermal limit or provide local voltage 
support if transmission lines are unable to carry enough power in the case of failure. An RMR 
contract is typically designed to be a short term measure until grid planners can analyze options 
and approve new transmission lines. Therefore, in seeking solutions to reliability needs, 
historically grid planners will consider both new transmission lines and local generation or load 
control.  

There are two examples from CAISO where ATTs were selected in lieu of a transmission line as 
solutions to reliability needs  – the Oakland Clean Energy Initiative (OCEI) and the Moorpark, 
also known as Puente, project.  

 

Example 1: Oakland Clean Energy Initiative (OCEI) 

Designed to fulfill a reliability need, PG&E developed and proposed the Oakland Clean Energy 
Initiative in response to a reliability need identified by CAISO driven by the retirement of a 
generator in downtown Oakland, CA. The solution includes a combination of traditional and ATT 
elements, specifically:  

1. Upgrades to 230/115 kV transformer bank; 
2. Transmission line rerates on selected 115 kV lines; 
3. A minimum of 10 MW/40 MWhr in-front-of-the-meter Utility Owned Energy Storage 

within specified substation pockets;  
4. Competitive procurement of an additional 10 – 24 MW of preferred resources (e.g. 

solar, energy storage) sited within a specified substation pocket, of which at least 19.2 
MW must be load modifying; and  

5. Continued reliance on transferring power from specified locations during peak loading 
conditions and after an N-1, in preparation for an N-1-1.34  

 
33 See transcript of evidentiary hearing for the Puente power project in California to understand how CAISO 
evaluated solutions that could be used to minimize thermal overload versus correct voltage excursions. California 
Energy Commission docket 15-AFC-01, Puente Power Project, Transcript of 9/14/2017 Evidentiary Hearing.  

34 CAISO 2017 – 2018 Transmission Plan, Board Approved. Page 128 
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Oakland Clean Energy initiative (OCEI) in CAISO was evaluated against the three following 
alternatives: 

- 200 MW of new local generation to address the reliability issues 
- 115 kV line alternative 
- 230 kV line alternative35  

The projected capital costs for the respective options is summarized below from the CAISO 
Board Approved 2017 – 2018 Transmission Plan:  

 

 
 

The option selected, OCEI (Oakland Clean Energy Initiative) has a total projected cost of $102M, 
as compared to the costliest option which was a 230 kV line with an estimated total cost of 
$574M.  

It is unclear if PG&E proactively developed and proposed OCEI as a solution to the reliability 
need because they wanted to showcase their environmental leadership, or if it was a necessity 
driven by the inability to site a natural gas plant in downtown Oakland, due to changes in 
zoning or air quality rules. Regardless, CAISO selected OCEI not only due to its cost 
effectiveness, but also because it was one of the few solutions offered that met all of the 
transmission needs.  

 
35 Ibid. Pg 129.  
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Example 2: Moorpark, aka Puente, Generation Facility  

CAISO identified a reliability need in the Moorpark capacity sub-area due to the retirement of 
local generation. CAISO initially recommended a new natural gas plant located in the region, 
and NRG won an award in 2014 to build the Puente generation facility. The Oxnard/Moorpark 
community opposed the project and passed a local ordinance temporarily banning new gas 
plants. In 2017, during the siting approval process, NRG withdrew the project after it became 
apparent it wouldn’t receive approval, in part due to the local opposition to the gas plant.36  

Forced to revisit the project, after extensive analysis CAISO ultimately concluded a combination 
of energy storage and an upgrade to an existing transmission line could provide the same 
reliability services as natural gas plant.  

CAISO examined three alternatives in the 2017/2018 transmission plan: 

• Alternative 1: Upgrade Moorpark-Pardee transmission line coupled with 86 to 105 MW 
of local capacity  

• Alternative 2: Approximately 318 MW of local capacity 
• Alternative 3: 240 Mvar reactive power support coupled with 135 MW of local 

capacity37 
 

 Alternative 1 Alternative 2 Alternative 3 

Increase in post contingency voltage stability 
area load limit 

 

916-928 MW 
 

300 MW 
 

294 MW 

Max. thermal 
contingency 

loading under critical  
<100% 

159% (Pardee-Santa 
Clara 230 kV) 

189% (Pardee-Santa 
Clara 230 kV) 

Grid resiliency in the event of loss of the 
Pardee Substation or loss of all transmission 
lines in the same corridor 

 
Neutral 

 
Better 

 
Neutral 

Operational complexity due to variability, run- 
time limitation and charging needs of local 
capacity resources 

 
Lower 

 
Higher 

 
Lower 

Capital cost Lower Much higher82 Higher 

 
36 https://www.huffpost.com/entry/oxnard-california-gas-plant_n_5cfeafdce4b0aab91c0a2f27 
37 CAISO Board Approved 2017/2018 Transmission Plan, page 193 
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Required 12/31/2020 in-service date 

Transmission: 
achievable; 86 MW 

local capacity: 
aggressive 

 
Most aggressive 

 
More aggressive 

 

Alternative 1 provided the most MW of voltage stability after a contingency event, with the 
lowest capital cost. Southern California Edison announced a contract award in April, 2019 to 
procure 100 MW of energy storage, schedule to come online in time for the planned retirement 
of existing generation in 2020.38  

 

Example 3: Mobile Voltage Control, Siemens/Dominion Energy 

Electric peak-loads can be tamed with SVCs (Static Var Compensators). These high-voltage 
systems control dynamically the network voltage at its coupling point. Its main task is to keep 
the network voltage constantly at a set reference value. These technologies are often expensive 
and cumbersome. .Siemens has developed an new SVC that provides for fast voltage regulation 
under various load conditions during both steady-state and dynamic events. They provide 
regulating reactive power and power oscillation damping, enhance reliability by assisting fault 
recovery and reduce black-out risk and regulate the power factor. And in response to a 
customer, Dominion Energy, Siemens has made the SVC mobile as part of a containerized 
configuration.  

This new type of ATT allows Dominion Energy, which serves a number of large, important 
customers, including data centers and government facilities to effectively manage a potentially 
unstable grid, given the rate at which renewables are being added to Dominion Energy’s energy 
mix and the speed at which power plants are being shut down.  

 

Policy:  

FERC requires that ISO transmission planning processes take into account public policy 
requirements established by state or federal laws or regulations. To date, the public policy 
requirement that has been taken into consideration is a clean energy goal or renewable 
portfolio standard, which may require a new transmission line in order to access generation 
from solar, wind or hydro. However, an increasing number of states are creating policy 
objectives specific to energy storage, similar to California’s 1300 MW target. For states that 
have taken that action, via legislative or regulatory initiative, it may be appropriate for the ISO 
to take the energy storage public policy objective into account as part of the transmission 
planning process.  

 
38 https://www.greentechmedia.com/articles/read/sce-picks-major-battery-portfolio-in-place-of-puente-gas-
plant#gs.rb4acw 
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As more states consider adding legislative goals for energy storage, such as New Jersey and 
New York, this may become an increasingly important criteria.  

 

Benefits of including ATTs in the transmission planning “toolkit”  
The benefits of adding these technologies to the grid planning and operations “toolkit” are clear 
and range from better land use by avoiding new large transmission lines, to lowering costs for 
ratepayers and potentially avoiding stranded costs, to allowing faster integration of renewable 
energy onto the electricity grid. The risks are not with the technology, which is proven, by with 
operational procedures and potential unintended impact on energy markets. While there is a 
need to proceed carefully and methodically to ensure the reliability of the transmission system 
is never placed at risk, FERC needs to do more to encourage adoption to help overcome 
barriers, whether real or perceived.  

 

Enabling large scale renewable energy generation with Advanced Transmission Technologies 

Past studies have determined that accomplishing a shift to cleaner, lower costs forms of 
electricity generation, and achieving deep decarbonization of the electricity grid, will require 
significant investment in transmission.39   

However, building new high voltage transmission lines is a process that, at best, takes years, 
and in some cases can take a decade or more. Frequently, multiple years are required for grid 
planners to study projected changes in load and generation, recommend a new transmission 
line, and receive board approval. Transmission builders then go through a multi-year process to 
design the transmission line and study all of the options. State electricity commissions then 
need to approve the siting of the transmission line, a process that can take another couple of 
years. Finally, the transmission line needs to be built, which takes another couple of years.  

New renewable energy generation projects that are contingent on a new transmission line can 
sit waiting in the interconnection queue for a decade. This long process is a significant deterrent 
to developing renewable generation projects since entering the interconnection queue 
frequently requires significant financial investment, only to wait a decade or more before the 
project can begin to generate revenue for investors.  

Given that the upfront capital costs of new high voltage transmission lines can range between 
hundred million up to billions,40 it is appropriate that grid planners and state commissions have 
developed careful and slow processes which allows all parties to participate. Transmission lines 
represent an expensive investment which will be paid for by ratepayers for the next 40 years.  

 
39 National Renewable Energy Lab, Reducing Wind Curtailment Through Transmission Expansion in a Wind Vision 
Future. January, 2017.  

40 California’s Sunrise Powerline 230/500 kV transmission line built between 2010 and 2012 for an upfront capital 
cost of $1.9B, https://www.sandiegouniontribune.com/sdut-governor-to-attend-sunrise-groundbreaking-today-
2010dec09-htmlstory.html 
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In contrast, some ATT solutions can be an order of magnitude less expensive and be easier to 
site, either on existing right of ways or require less environmental review due to their smaller 
physical footprint. With a lower visual profile, these projects may also garner less objection 
from the local community and don’t need to rely up lining up land rights from a very large 
number of land owners. Finally, these projects can typically be built much more quickly. 
Construction time for ATTs projects can frequently be measured in days or months versus 
years. For all of these reasons, ATTs projects can be more quickly implemented. 

Shortening time in the interconnection queue de-risks new renewable generation projects 
which lowers financing costs and allows renewable projects to be even more cost competitive, 
a critical step in continuing to decarbonize the electricity grid.   

 

Minimizing ratepayer transmission costs with incremental infrastructure projects 

Transmission lines have a 40 to 50 year operational life expectation, which requires the 
transmission planners to speculate 40 years into the future when recommending a new 
transmission line. It also requires State Commissioners to agree with that speculation in order 
to approve siting. Projecting forward 40 years may have been an easier task up until 2006, since 
the US saw steady load growth during that time period.  

However, since 2007 the broad trend in the US has been a flattening in load growth, with some 
geographic seeing load decline, largely driven by decline in industrial load.41 The mega trends 
driving load flattening are many, including increased energy efficiency, relocation of 
manufacturing facilities internationally, U.S. recession, and the growing adoption of distributed 
energy resources such as residential or commercial solar. Some studies point to competing 
trends that will drive US load trends to reverse and start rising again42 such as electric vehicles 
and the push to electrify buildings in order to achieve state’s clean energy goals and a factor.  

The key point for transmission planners and regulators charged with spending ratepayers 
money responsibly is the US is in unchartered waters, at the intersection of two competing 
mega trends, and impossible to predict. The risk of approving 40 transmission assets that 
become unnecessary 20 or 30 years into future, stranding the asset and forcing ratepayers to 
pay to decommission an asset that is no longer needed, is possibly higher now than it has ever 
been. Obviously this isn’t true in all cases, and the point of this paper is not to advocate that 
transmission wires are no longer needed. But, where there are instances of significant 
fluctuations in load profiles, transmission lines that are primarily needed to support a few 
generation plants that may retire, or cost/benefit analysis that are only positive in a small 

 
41 U.S. Energy Information Administration, Record U.S. electricity generation in 2018 driven by record residential, 
commercial sales. March 2019, https://www.eia.gov/todayinenergy/detail.php?id=38572 

  

42 The Brattle Group, The Coming Electrification of the North American Economy. March, 2019.   
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percentage of future scenarios, these sorts of scenarios are clear opportunities to look for 
solutions with a shorter life expectancy, such as ATTs.  

The typical lifespan of a battery project is 10 years for commercially available technology today. 
Projects life can be extended to 20 years via an ongoing replacement plan for key components. 
A typical solar project has a lifespan of 20 years. Companies that provide load control can sign 
customers with contract terms as short as 3 years. In summary, there are scenarios where the 
risk of future stranded assets is high, which are prime considerations for ATTs.  

 

Enabling operational flexibility of the transmission grid 

When evaluating solutions to new transmission needs grid planners have had very few options 
to choose from. At a simplistic level, historically the options have been to choose between a 
low and a high voltage transmission line to meet a transmission need. In an era of 
unpredictable mega trends and rapid changes in the generation mix, transmissions planners 
need more options to continue to guarantee the reliability of the transmission system.  

As has been mentioned in the previous sections, ATTs provide transmission planners with more 
flexibility by allowing solutions to be built quicker, and allow them to choose from assets with 
shorter operational life where there is significant uncertainty. Additionally, some ATT solutions 
have the potential to be mobile.  

 

IV. Recommendations: FERC Needs to Act on Its Legislative 
Mandate 

There are many clear benefits of expanding the “toolbox” of transmission technologies to 
include non-wires based technologies included in the FPA definition of ATTs. However, FERC 
needs to act to enable this expansion, as directed by Congress, it will not happen on its own.  

Even with the efforts of Orders 890 and 1000, there is little to no competition in the 
transmission sector. The normal market forces that drive companies to find creative solutions 
to improve their cost competitiveness are not in play in the transmission sector. Additionally, 
the return on equity compensation model encourages transmission companies to propose the 
highest capital project they believe they can get approved by regulators. Finally, the ISO/RTOs 
are primarily measured on reliability, as defined by metrics such as loss of load expectation 
(LOLE).43  There is no denying that reliability is Job #1 for an ISO/RTO, but at the same time 
these independent organizations have a responsibility to ensure ratepayer funds are spent 
wisely.  

The primary groups that are motivated to see ATTs included in the evaluation process are 
ratepayers and those responsible for serving ratepayer interests (e.g. state commissions, public 

 
43 NERC (April 2018) Probabilistic Adequacy and Measures; 
https://www.nerc.com/comm/PC/Documents/2.d_Probabilistic_Adequacy_and_Measures_Report_Final.pdf  
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power companies), clean generation companies, technology companies developing products 
such as energy storage or flow control, and environmental advocates. These groups often do 
not have the technical expertise to participate in ISO transmission planning, opting instead to 
object to the transmission line when it comes to the state commission to obtain a Certificate of 
Public Convenience and Necessity (CPCN) or environmental compliance review, which is nearly 
the last step in the process after years of work have gone into developing the transmission line.  

For all of these reasons, FERC action is required to ensure these cost effective technologies are 
evaluated in the planning stage, by skilled and experienced personnel who understand the 
technologies.  

The recommendations focus on changes required to ensure a priority is placed on leveraging 
technology to optimize the performance of the existing grid, and technologies that optimize the 
existing system are be considered in conjunction with, and on an equal footing to, stringing new 
lines. While the focus is on optimizing the existing transmission infrastructure, this does not 
imply this country should stop building new transmission lines. There is a significant need for 
transmission lines, particularly in large portions of the U.S. where none exist and large amounts 
of high value renewable resources are without effective transmission. But overlooking solutions 
that can optimize both existing and new infrastructure, cost-effectively and quickly, is not an 
option we can continue to ignore. 

 

Recommendations Summary 
1. Develop new processes for deployment of “Efficiency ATTs” – Sitting squarely between 

transmission and market operations, Efficiency ATTs optimize power flows on 
transmission lines. These smaller projects have significant economic benefit, but may 
not be well suited to solve congestion in the handful of highest congestion zones that 
are analyzed by each year by grid operators. FERC should consider whether new 
processes need to be developed, outside of planning, to best implement Efficiency ATTs. 

2. Redefine incentives for ATTs – Return on equity adders are not encouraging ATTs and a 
new structure is required. A “shared savings” approach provides benefits for ratepayers 
and the companies that implement the projects.  

3. Enhance transmission planning processes and enable greater participation – A FERC 
policy statement is needed to clarify aspects of Order 1000 and ensure that ATTs, and 
improvements to the transmission system are evaluated on an equal basis as wires-
based new transmission. Specifically, transmission planning processes need to provide 
information and opportunities for submission of alternative solutions; ensure evaluation 
criteria are technology neutral; allow transmission planners to add evaluation criteria; 
ensure models accurately reflect the capabilities of technologies; and set standards for 
the evaluation of options. 

4. Initiate T&D Coordination between ISO & Distribution Companies – Distribution 
connected assets can provide transmission services. However, transmission operators 
need some form of visibility and operational control over these assets. Similar to the 
technical conference FERC held in 2018 regarding the participation of distribution 
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connected assets in markets, FERC should take action to bridge the divide in order to be 
able to utilize these assets fully.  

Should FERC choose to not take action, it possible that states may work to increase their control 
over transmission via the form of legislation that places limits on transmission infrastructure. 
For example, when faced with a new natural gas plant in order to meet a reliability need, the 
citizens of Moorpark passed a resolution banning new power plants on the beach. Ultimately, 
this forced a reconsideration of the solution and the development of a new one which includes 
ATTs. To be clear, this should be considered the “nuclear option” and is highly undesirable for 
all parties. It is extremely inefficient to oppose a recommended transmission solution during 
the siting process years after it was initially planned. Ideally, FERC will take action to help 
modernize the grid, keep a lid on transmission costs, enable timely interconnection of new 
generation assets, effective land use, and minimize potential future stranded assets.  

 

Regulatory Action is Required, Neither Market Forces Nor Incentives Are Having an 
Impact 
Based on the data tracked by FERC,44 it could be argued that ISO/RTOs have not implemented 
FERC Order 1000 in a manner that allows non-incumbents to compete effectively. As can be 
seen below, and based on report issued in 2017, the ISOs Southwest Power Pool (SPP) and Mid-
Continent ISO (MISO) have only selected projects provided by incumbents. ISO New England 
(ISO-NE) has not yet held an open competition. Mid-Atlantic ISO (PJM) has awarded less than 
0.1 percent of projects to non-incumbents. New York ISO (NYISO) has yet to select a solution as 
a result of their two competitive procurements held to date. CAISO is the one exception, having 
awarded 55 percent of projects to non-incumbents. There is significant value in competition 
and FERC continuing to take action down that path, but the reasons and barriers to real 
competition are outside the scope of this paper.  

The key point here, is that competitive pressure is not a factor that will drive change in the near 
term. Additionally, as was mentioned previously in this paper, an examination of past incentive 
applications shows very little use of ATTs. Therefore, incentives are not effective at encouraging 
ATTs either.  

 

 

44 Rahim Amerkhail, et al., “2017 Transmission Metrics, Staff Report,” FERC, Oct. 6, 2017. 
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Source: Rahim Amerkhail et al., 2017 Transmission Metrics, Staff Report, FERC, p. 26, Oct. 2017. 

Figure 6: FERC Analysis of ISO/RTO Transmission Awards to Regional Distribution Utilities and Non-Incumbents 

 

Recommendation #1: Develop New Processes for Efficiency ATTs45  
The standard approach to planning economic transmission projects, based on achieving a 
threshold benefit-to-cost ratio (BCR) estimated with production-cost modeling, is not well 
suited to adoption of Efficiency ATTs. Of the three types of transmission projects that can result 
from a transmission planning process — reliability, public-policy driven and economic — it is 
the economic projects that rely on benefit-cost analysis (BCA) as a key analytical tool and 
decision criterion.46 An economic project is typically considered for the economic benefits it will 
provide to transmission system users and ratepayers, most commonly by reducing congestion 
costs or enabling access to lower-cost energy or supply capacity and typically demonstrated 
using production cost analysis. To be selected in an ISO/RTO planning process, an economic 
project must have a benefit-cost ratio (BCR) at least greater than 1.0, and some planning 
entities have higher thresholds.  

One limiting feature of this approach to economic projects is that the planning analysis tends to 
focus on relieving major transmission constraints. The typical ISO/RTO process for identifying 
projects that relieve congestion is a multi-year process that first starts with studies of a handful 
of zones with the most congestion, followed by analysis of options, and potentially a long 
procurement. While this process may generally work well for new large transmission projects, it 

 

45 Efficiency ATTs were defined earlier in this paper to include dynamic flow control devices and dynamic line rating 
procedures, referred to as Category A.  

46 Reliability and public-policy projects are responsive to needs that must be addressed to comply with reliability 
standards and criteria or to support a policy mandate, and as such their ‘benefits’ are defined by compliance with 
the requirements rather than an estimate of purely economic benefits. 

26 
 

Figure 3 
Number and Percentage of Awards Made to Nonincumbents by Year and RTO/ISO 

 
* Only Market Efficiency Proposals in PJM were selected in 2013.  While the review of Artificial Island proposals continued into 2015, the final selections 
associated with that project were counted under the 2013 proposal window year. 

** Covers PJM’s 2016 RTEP 1, 2016 RTEP 2, and 2016 RTEP 3 and are only TEAC recommendations to the PJM Board.  Thus, the selections for the 2016 year are 
not final. 

*** NYISO has yet to select a proposal from its two solicitations. 
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overlooks the potential to realize economic benefits by applying Efficiency ATTs to address 
smaller congestion problems and increase system capacity utilization. 

The lower cost and simpler implementation process for these ATTs could yield viable BCRs for 
solving smaller congestion problems that would be overlooked by the usual economic 
transmission planning approaches. But, over time such ATT applications can offset needs for 
more costly transmission upgrades, provided the planning entity adopts a process to consider 
and adopt these ATTs and the grid and market operators have effective procedures for 
integrating them into real-time operation and spot markets.  

Given the fact that these smaller solutions are vital, but not well suited to solve congestion in 
the handful of zones that are analyzed each year, we suggest that FERC consider whether new 
processes should be developed, outside of planning, to best implement Efficiency ATTs. 

 

Intersection Between Market Operations and Efficiency ATTs Needs to Be Considered 

Addressing questions about how to integrate Efficiency ATTs into grid operation and how they 
will affect spot markets is a necessary near-term step in order to advance their use and realize 
the benefits they can provide. Deployment of ATTs can dramatically reduce transmission 
congestion. By design, generation re-dispatch costs comprise the congestion component of 
locational marginal prices (LMPs). However, with these advanced technologies the grid 
operator has a new tool besides generation re-dispatch to manage congestion. Instead of re-
dispatching generation around a binding constraint and having it show up as higher LMPs, the 
grid operator can use the technology to clear congestion within the 5-minute optimal dispatch 
algorithm. This is a positive outcome for ratepayers, but requires consideration before 
implementing.  

Because these devices become part of the transmission system, their settings at any given time 
will be features comparable to grid topology and line ratings that are inputs to the economic 
dispatch algorithms. At the same time, they will also be control variables in the optimization 
algorithms. Thus these devices bridge what has traditionally been a bright line between the 
transmission system under operational control of the grid operator and the loads and resources 
connected to that system. This is one of reasons we suggest task belongs within ISO/RTO 
operations functions, not planning. 

To this end we recommend that FERC convene a technical conference with transmission system 
operators, wholesale market operators, transmission utilities and other system participants to 
identify all concerns and explore strategies for resolving them. 

 

Potential Topics for Investigation at FERC Technical Conference 

There are two main areas to be investigated in a FERC technical conference, integration into 
operations and impacts on spot markets: 

• How can Efficiency ATTs best be most expeditiously integrated into Bulk Electric System 
(BES) operations; for example: 
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o How are the settings and data frequency of the Efficiency ATT devices best 
utilized to optimize their benefits;  

o How often can data from Efficiency ATTs be utilized to optimize dispatch 
algorithms of existing wholesale market operations ; 

o What operational and market software upgrades are necessary to fully utilize 
Efficiency ATT functionality 

• What are the market impacts of Efficiency ATTs; for example:  
o What is the basis for congestion differentials in the LMPs with Efficiency ATTs; 
o How should any potential impacts on spot market revenues be mitigated for 

participating resources; 
o How should any potential impacts on the value of financial transmission rights 

be mitigated  

 

Recommendation #2: Redefine Incentives for ATTs 
An examination of past applications for return on equity (ROE) adder incentives for 
transmission projects that include “risk” shows that only a very few have included any ATTs in 
their applications. Based on this data, one can conclude that ROE incentives have not 
succeeded in encouraging transmission owners to offer projects with advanced technologies.  

Using the list of projects currently under evaluation at PJM as an example (included previously 
in this paper), these projects are typically lower capital costs and higher, or comparable, benefit 
to cost ratio. Therefore, the hurdle is not primarily economic and increasing ROE incentives will 
have little impact. If FERC wishes to continue to utilize ROE adder incentives, it should conduct 
a financial analysis of the capital cost of a typical ATT project, particularly an Efficiency ATT, 
versus a wires-based project to determine the magnitude of the ROE adder required for both 
types of projects to provide an equivalent financial benefit to the transmission owner.  

However, a more appropriate incentive for FERC to consider for this class of technology is a 
“shared savings” approach, which allows both ratepayers and transmission owners to benefit. 
This approach has been discussed more extensively by other parties.47  

While redefining incentives for ATTs is necessary, it is not sufficient. Other recommendations 
included in this paper should also be considered and resolved. 

 

 
47 FERC Docket No. PL19-3-000, JOINT COMMENTS OF PUBLIC INTEREST ORGANIZATIONS ON THE 
COMMISSION’S NOTICE OF INQUIRY 
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Recommendation #3: Clarify Transmission Planning Processes and Enable Greater 
Participation  
FERC action is required to clarify the comparable evaluation of proposed solutions during the 
transmission planning process and ensure the process is not skewed towards wire-based 
solutions. This clarification could potentially be structured in the form of a policy statement. 

Transmission-connected ATTs, Category B in this paper, should be routinely included in the 
transmission planning process and evaluated on a comparable basis, consistent with the intent 
of Order 1000. Transmission planning processes are designed for wires-based solutions, and the 
inherent filters in the process will continue to yield wires-based solutions unless changed. The 
following issues have been identified in ISO/RTO transmission planning processes:  

• Ensure existing qualification and evaluation criteria are technology neutral and 
evaluate all technologies comparably  – Order 1000 requires comparable evaluation of 
solutions, regardless of technology. Yet a review of ISO qualification requirements for 
potential transmission providers and evaluation criteria will show they are skewed 
towards wires. For example, qualification requirements include criteria such as 
experience siting transmission lines, a factor that is irrelevant for battery storage 
providers. Similarly, evaluation criteria are designed for 40-year assets, while some ATTs 
may have a significantly shorter operational life. Qualification requirements and 
evaluation criteria must be technology neutral and not force non-wires based solutions 
and their project sponsors to “act like” wires in order to be evaluated. Transmission 
planners must also ensure financial evaluation criteria (e.g. net present value, total 
capital cost, etc.) don’t inadvertently favor 40-year projects. 

• Ensure transmission planners can and should update evaluation criteria to reflect 
transmission planning needs in their region – As conditions change it may be 
appropriate for transmission planners to revise or add evaluation criteria that were 
previously not a priority in their region. For example, in some regions transmission 
planners are struggling to plan in the face of rapid change and unpredictable future 
scenarios such as rapidly changing load forecasts driven by competing trends that will 
either increase or decrease loads, as rapid changes in technology and adoption of DERs, 
EVs, and other. All of these factor may place an premium on short-term transmission 
solutions that minimize the risk of stranded costs in the future. Other regions may find 
they want to place a value on mobile assets that can be relocated as significant 
transmission build out occurs or severe events such as wildfires dictate the ability to 
rapidly reconfigure grid flow patterns. Another region may find the state legislative 
emphasis on clean energy places a greater value on rapid interconnection of clean 
energy assets. Or states emphasizing smart land use may want a value placed on small 
footprint projects that are easier to site and have less land use impact.  

• Transmission needs must be presented in a manner to allow comparable evaluation of 
solutions that improve the performance of the existing transmission system against 
new transmission lines – The articulation of transmission needs cannot presume the 
construction of a new transmission line. Transmission planners must ensure they 
evaluate improvements on an equal basis as new construction.  



Center for Renewables Integration 39 

 

• Ensure planning tools, models and data reflects current technology  – Modeling tools 
such as PROMOD are used ubiquitously throughout the planning process, yet have not 
been updated to reflect the capabilities of newer technologies. For example, modeling 
of battery storage assets frequently uses algorithms developed for pumped hydro with 
minor changes. While similar, these two are not the same. Hydro cannot toggle between 
charging and discharging instantaneously. Performance assumptions regarding a battery 
storage asset’s ability to react to changes in load and provide congestion relief or 
voltage support may be based on incorrect models. Planning entities should asses their 
modeling tools to determine whether they accurately capture the performance 
capabilities of these technologies. Additionally, where transmission lines have been 
challenged and planning assumptions become clearer, it is frequently revealed that 
transmission planners and owners are using out of date cost projections for ATTs. Many 
of the ATT technologies are undergoing significant cost declines, and using out of date 
assumptions or, even worse, assuming cost escalation by applying a standard economic 
inflation factor to the historic cost of a technology which has been experiencing yearly 
cost declines, is bad planning that will produce bad results. Planning entities should 
standardize on forward cost data projections from independent organizations that 
specialize in this area, such as the National Renewable Energy Lab (NREL), and ensure 
that assumptions are updated annually.  

• Ensure project evaluation is performed by qualified personnel – Some ATT 
technologies have never been evaluated by transmission planners or ISO/RTO staff. It is 
inappropriate to assume that a transmission planning engineer who is qualified in wires-
based infrastructure solutions will understand ATT technologies. As custodians of 
ratepayer funds, transmission planners have the obligation to ensure they are using 
qualified personnel in evaluating these solutions and determining how to best integrate 
them into the transmission grid.   

In addition to the evaluation criteria and modeling tools being skewed towards traditional 
wires-based solutions, the process of soliciting proposals is skewed towards incumbents and 
minimal evaluation of alternatives. Consistent with Order 1000, FERC may want to clarify in a 
Policy Statement:  

• Transmission planners have an obligation to ensure participation from all parties and 
provide an open and transparent process that enables non-incumbents to offer 
solutions to transmission problems – Not enough information is offered during the 
planning process to allow non-incumbents to effectively develop solutions, particularly 
non-wires based solutions. For example, reliability analysis identifies transmission lines 
with potential thermal violations but does not provide data on the duration of these 
violations. Information on transmission needs is presented in a manner that assumes 
power flow modeling capability and wires-based solutions. More needs to be done to 
enable participation from non-incumbents and to ensure ratepayers, landowners, and 
their advocates are considered in the planning process, versus relegated to the role of 
objecting when the project goes for siting and certificate approval at the state 
commission. Finally, it is understood that transmission planners operate on a tight 
schedule in order to perform regular reviews of transmission planning needs, but 
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adequate time needs to be provided to solicit proposals from non-incumbents. While 
the stated objected from transmission planners is to enable broad participation, in 
practice their processes are designed to limit it. 

Finally, FERC may want to clarify in a Policy Statement that certain types of projects which 
require the evaluation of alternatives and cost recovery approval will be contingent upon the 
ability to demonstrate that complete evaluation of alternatives was performed. This might 
include: 

• Identification of categories of projects cannot be selected without evaluation of 
alternatives, even if the incumbent has not proposed alternatives – FERC may wish to 
define threshold criteria for certain categories of projects that require evaluation of 
alternatives, even if none have been offered, to ensure ratepayers are protected. For 
example, certain classes of projects such as undergrounded projects or above ground 
ones over a specified distance, cannot be selected by a transmission planner without 
demonstrating evaluation of comparable solutions which include ATTs. The 
development of comparable solutions would need to follow certain minimum standards 
to ensure they are developed by qualified personnel, follow standard transmission 
planning and modeling practices (e.g. no back of the envelope calculations), and use 
commercially available technology. 

A FERC Technical Conference is recommended to identify all of the issues that require 
clarification in a Policy Statement.  

 

Recommendation #4: Initiate Transmission & Distribution (T&D) Coordination 
between ISO/RTO and Distribution Companies  
A significant barrier to treating DER-based NWS as transmission assets is the absence of rules 
and procedures for transmission and distribution operators to coordinate their operations. 
Such a “T-D coordination framework” is needed to enable the ISO/RTO to have operational 
control of the assets that comprise the transmission system it is responsible for operating. T-D 
coordination procedures would address such things as the priority the distribution utility must 
afford to the DER asset to enable it to perform its transmission function, the process and timing 
by which the ISO/RTO informs the distribution utility of operating instructions it issues to the 
DER asset, and the process and timing by which the distribution utility must inform the ISO/RTO 
and the DER operator about current distribution system conditions that could constrain the 
ability of the DER asset to perform as needed by the ISO/RTO.  

Clearly FERC does not have jurisdiction over distribution utilities and cannot direct them to 
work with ISOs/RTOs to develop T-D coordination frameworks. FERC can, however, direct the 
ISOs/RTOs to open discussions on T-D coordination with the distribution utilities served by the 
ISO/RTO systems and to report back to FERC on the results of these efforts. These early efforts 
could then provide the basis for a FERC technical conference on T-D operational coordination 
that surfaces the specific needs to be addressed and considers how to meet them. With a focus 
that starts from the dual objectives of optimizing the use of DER to meet transmission needs 
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while maintaining reliable operation of the whole power system, it is likely that different ISOs 
and RTOs will identify many common needs and solutions, which could then form the basis of 
industry best practices.  

This subject is actually broader than the concern of this report about enabling DER to serve as 
transmission assets. Coordination of ISO/RTO and distribution utility operations is essential to 
operating a future power system with high volumes of DER, where the DER may be wholesale 
market participants, transmission assets, or simply operating behind an end-use meter to 
provide customer services which have incidental impacts on grid operation, net load shapes, 
etc. For this reason the subject of T-D coordination is receiving considerable attention in other 
parts of the world where DER penetration is growing and expected to accelerate, most notably 
in the UK, Europe and Australia. Those jurisdictions have framed the inquiry in terms of 
maximizing the use of DER to provide flexibility services to the whole power system. 

The same subject received considerable discussion at FERC’s April 2018 technical conference on 
wholesale market participation by DER aggregations (RM18-9), and is discussed in detail in the 
comments filed in that proceeding by one of the co-authors of the present report.48 Those 
comments include specific recommendations for how FERC could advance T-D coordination 
through its order in that proceeding. In the context of the present report, and since FERC has 
not yet issued an order in the DER aggregation proceeding, we recommend that FERC begin 
with a policy statement providing guidelines to ISOs/RTOs for initiating T-D coordination 
discussions to enable DERs to serve as transmission assets subject to ISO/RTO control. 

 

 

 

 

 

 
 

 
48 For additional details on the need for and approaches to T-D operational coordination, as well as a 
review of current activities on this subject in the UK and Europe, see “Comments of Lorenzo Kristov, 
Ph.D. in Response to April 27, 2018 Notice Inviting Post-Technical Conference Comments”; 
https://elibrary.ferc.gov/idmws/file_list.asp?document_id=14681725  


