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No Section Sentence Commenter Comment/Question Resolution 
1 ES General comment. 

 
 

WECC Regarding organization and flow, there were 
some areas that we’d like to highlight. The 
content found in the conclusion (page 93) 
would be more appropriate to include in the 
Executive Summary—rather than breaking 
down the information regionally—due to it 
being more consistent with the rest of the 
report.  
 

We did add high-level national summaries to 
the Executive Summary and moved all 
regional summaries into their own section. 
 
The following was added to the executive 
summary: 
 
“A review of historical transmission system 
data from 2011 to 2020 provides insight into 
key indicators that demonstrate the need for 
more transmission infrastructure. These 
indicators include an overall decrease in 
historical transmission investment, regional 
and interregional wholesale electricity price 
differentials, and a record amount of new 
generation and storage capacity in 
interconnection queues across the county. 
Regional entities spent between $0.19 and 
$5.29 per MWh of annual load on new 
transmission in the past decade, on average. 
These investments resulted in a national total 
of over 34,000 circuit-miles of newly 
constructed or rebuilt transmission lines rated 
above 100 kV. Most of these investments 
were made in the first half of the decade, with 
transmission investments steadily declining 
since 2015. Wholesale market prices in the 
RTOs/ISOs also provides insight into where 
transmission congestion currently exists. 
Several regions of the country have had either 
consistently high or consistently low electricity 
prices over the past 3–5 years. Extreme 
conditions and high-value periods play an 
outsized role in this value of transmission, 
with 50% of transmission’s congestion value 
coming from only 5% of hours. Finally, a 
review of the power plants currently awaiting 
interconnection agreements in different parts 
of the country suggests the generation mix 
will continue to shift toward more wind, solar, 
and battery storage technologies. 
 
“A review of recently published power 
systems studies to highlight the historical and 
anticipated drivers, benefits, and challenges 
of expanding the Nation’s electric 
transmission infrastructure. Altogether, the 
studies reviewed signify a pressing need to 
expand electric transmission—driven by the 



need to improve grid reliability, resilience, and 
resource adequacy, enhance renewable 
resource integration and access to clean 
energy, support electrification efforts, and 
reduce congestion and curtailment. 
Interregional transmission investments will 
help improve system resilience by enabling 
access to diverse generation resources 
across different climatic zones. In addition to 
changes in electricity supply, regional goals 
and legislation regarding heating and 
transportation will also change the way 
electricity is used throughout the country over 
the next decade and beyond. Heating and 
transportation will become further electrified, 
which will significantly increase the total 
demand on the national grid and overall 
system demand. In addition to the overall 
increase in demand, daily electrical system 
demand patterns will also change.  
 
“Analysis of anticipated future transmission 
and transfer capacity need was performed for 
several different power sector scenarios 
across three different future years. According 
to capacity expansion model results, the 
largest growth of transmission will be needed 
in the Texas, Mountain, Southeast, Midwest, 
and Plains regions. The largest growth in 
interregional transfer capacity occurs between 
the Plains and Midwest, the Midwest and the 
Mid-Atlantic, and between New York and New 
England. New connections between the three 
interconnections are also shown to grow 
significantly.  ” 

2 ES “Each summary 
includes a brief 
description and 
indicator of general 
need followed by 
potential approaches to 
address the need.” 

WECC … the following statement may not match 
the coinciding section that follows; rather it 
instead details a need followed by indicators 
of the need. 

a. “Each summary includes a brief 
description and indicator of 
general need followed by 
potential approaches to address 
the need.”(page iii) 

Sentence modified to strike rest of sentence 
after “…indicator of general need.” 

3 ES “DOE broadly defines a 
transmission need to 
be an upgrade to or a 
new transmission 
facility—including non-
wire alternatives— that 
would optimally be built 
to improve reliability 
and resilience of the 
power system; alleviate 
transmission 
congestion on an 
annual basis; alleviate 
transmission 
congestion during real-
time operations; 
alleviate power transfer 
capacity limits between 

ReliabilityFirst This definition of a "transmission need" or 
"new transmission facility" is harder to follow 
in the body of the report due to using GW-
Mile and GW of transfer capability 
terminology. It is somewhat difficult to 
conceptualize the idea of Giga-Watt Miles 
(GW-mi). When thinking of adding 
transmission lines, system planners typically 
think of it as having to be purposeful, taking 
into account parallel paths constraints, 
essential reliability services items (i.e. 
voltage, etc.) and the physical location of 
load pockets. This analysis seems to 
consider adding transmission without 
considering these additional items. We 
believe they are needed. 

Emphasis on how this analysis differs from 
the engineering analysis performed during 
transmission planning was added to the 
introduction of Section VI: 
 
"The values presented here are zonal 
estimates of the amount and general 
geographic location of future transmission 
need. The precise characteristics and nodal 
locations of specific transmission projects to 
accommodate generation and load changes 
would be determined by additional 
engineering analysis performed by the 
transmission planners. Additionally, any one 
of these transmission additions may require 
associated system upgrades to support 
increased energy transfers and, as such, the 
zonal estimates reported here may 



neighboring regions; 
deliver new, cost-
effective generation to 
high-priced demand; 
and to meet projected 
future generation, 
electricity demand, or 
reliability 
requirements.” 

underestimate total required system builds. 
These downstream analyses are critical to the 
transmission planning process to ensure 
reliable operation of the grid, but are out of 
scope for the analysis presented here. 
Because of their near-term focus, industry-led 
studies tend to be less speculative about the 
characteristics of the future power system. 
Section V reviews the results of many of 
these studies but given the mismatch in 
modeling scope, the results of the reviewed 
industry studies are not included in this 
analysis.” 
 
The following was added to Section VI.a.2: 
“Additional engineering analysis performed by 
planners is needed to determine the best 
technologies and locations of the available 
transmission solutions to meet the needs 
identified here.” 
 
Additionally, GDO added a paragraph, table 
and reference to section VI.b. to describe the 
differences between GW-mi units of capacity 
expansion models and kV-mi units more 
familiar in industry: 
 
“Transmission deployment is presented here 
as the carrying capacity (GW or TW) of a 
modeled power line multiplied by the length 
(miles) of the line. Quantifying power lines as 
GW-mi or TW-mi is a convenient unit for 
capacity expansion models but is not a 
common practice in industry. Transmission 
planners and developers quantify power lines 
by their nominal voltage rating (kilovolts, kV) 
multiplied by the length (miles) of the line. In 
general, the higher the voltage rating and the 
shorter the power line, the more carrying 
capacity it has. Table VI-2 from NRRI (1987) 
provides approximate conversions between 
nominal voltage ratings and distances to 
carrying capability for AC transmission lines. 
By these conversions, a 100 mile, 345kV 
rated line is equivalent to 86 GW-mi. 
 
“Table VI 2. Approximate power carrying 
capabilities (MW) of uncompensated AC 
transmission lines at different voltage ratings 
and lengths from NRRI (1987).” 

4 ES “DOE broadly defines a 
transmission need to 
be an upgrade to or a 
new transmission 
facility—including non-
wire alternatives— that 
would optimally be built 
to improve reliability 
and resilience of the 
power system; alleviate 
transmission 
congestion on an 

ReliabilityFirst The executive summary mentions non-
transmission solutions being on option. It is 
not clear how optimally located generation 
additions would count against a value 
presented in GW-mi. In addition, the non-
wire alternatives could include construction 
of new reliable resources close to the load 
centers thereby reducing the transmission 
needs.  
 

These solutions are included in the results 
already. The capacity expansion models used 
in Section VI look for the least expensive 
combinations of generation and transmission. 
 
We added Section VI.a.2. “Treatment of non-
wires alternative transmission solutions” to 
clarify how generation near load, energy 
storage, and DERs are all incorporated in the 
capacity expansion modeling results. This 
section includes information about the number 
of scenarios in which NWAs were considered. 



annual basis; alleviate 
transmission 
congestion during real-
time operations; 
alleviate power transfer 
capacity limits between 
neighboring regions; 
deliver new, cost-
effective generation to 
high-priced demand; 
and to meet projected 
future generation, 
electricity demand, or 
reliability 
requirements.” 

 
The use of generation near loads as an NWA 
was added to section V.h. See resolution to 
comment 120. 

5 ES n/a Illinois 
Commerce 
Commission 

While the Study highlights a range of 
findings, identifies system needs and 
summarizes a plethora of prior studies, it 
stops short of providing a strong 
recommendation or blueprint for developing 
a robust transmission system. Perhaps the 
Study will allow industry participants to 
refocus their priorities and/or push for 
general improvements that, over time, will 
result in meaningful improvements to the 
transmission grid. For example, the Midwest 
section of the Study suggests that MISO is 
likely better off addressing the transfer 
capability constraints between its south and 
central regions by first improving 
transmission between MISO North and SPP 
and then from SPP to MISO South, rather 
than by initially focusing on the MISO North 
to MISO South constraint. This suggestion 
is contrary to MISO’s current efforts to 
address the MISO North/South constraint 
directly in Tranche 4 of its long-range 
transmission planning efforts and has 
prompted ICC Staff to reconsider MISO’s 
plan. 

Thank you for your comments. As stated in 
the Executive Summary, “This study 
prescribes no particular solutions to issues 
faced by the Nation’s power sector. Rather, it 
establishes findings of need in order for 
industry and the public to suggest best 
possible solutions for alleviating them in a 
timely manner.” It is our hope that States and 
industry will use this document to suggest 
meaningful transmission solutions to the 
identified needs.  

6 ES “DOE broadly defines a 
transmission need to 
be an upgrade to or a 
new transmission 
facility—including non-
wire alternatives— that 
would optimally be built 
to improve reliability 
and resilience of the 
power system; alleviate 
transmission 
congestion on an 
annual basis; alleviate 
transmission 
congestion during real-
time operations; 
alleviate power transfer 
capacity limits between 
neighboring regions; 
deliver new, cost-
effective generation to 
high-priced demand; 

ReliabilityFirst Growing the transmission system has the 
potential to create a new set of challenges 
for the system operators. As more 
transmission is added, and more generation 
of small mass is added (i.e. wind farms, 
solar), it is going to be difficult to control 
system voltage. In light load periods, line 
loading may drop (increase in line charging) 
to a point where there are not enough units 
to absorb all of the excess Vars. Therefore 
adding transmission may result in the need 
for more reactors, which is inherently 
inefficient. These are things to keep in mind 
during the process. 

Please see resolution to comments 46 and 
99. 
 
Additionally, we added the following to 
Section IV.c. to clarify the use of phase 
shifters to manage unscheduled flows: 
 
“Phase shifters were a cost-effective 
alternative to additional transmission for many 
years, but their effectiveness is decreasing as 
the industry transitions away from tradition 
thermal generators to renewable energy 
resources. Much of the existing high-voltage 
transmission system was constructed around 
thermal generators. Utility-scale renewable 
resources are in different locations relative to 
existing transmission infrastructure. This has 
implications for transmission loading and can 
create incremental unscheduled flows on 
certain transmission segments, including the 
qualified paths.  
 



and to meet projected 
future generation, 
electricity demand, or 
reliability 
requirements.” 

“In addition to the phase shifters, thermal 
generators have traditionally been leveraged 
as tools to manage congestion. Generator 
output can be increased or decreased on 
either side of affected transmission segments, 
which can aid in alleviating constraints. Given 
the number of thermal generator retirements, 
incrementing and decrementing generation is 
not as available as a tool for congestion 
management. This increases the reliance on 
the phase shifters, which were not designed 
to manage the changes in transmission flows 
developing on the system.” 

7 ES “DOE broadly defines a 
transmission need to 
be an upgrade to or a 
new transmission 
facility—including non-
wire alternatives— that 
would optimally be built 
to improve reliability 
and resilience of the 
power system; alleviate 
transmission 
congestion on an 
annual basis; alleviate 
transmission 
congestion during real-
time operations; 
alleviate power transfer 
capacity limits between 
neighboring regions; 
deliver new, cost-
effective generation to 
high-priced demand; 
and to meet projected 
future generation, 
electricity demand, or 
reliability 
requirements.” 

Minnesota 
Department of 
Commerce 
and the 
Minnesota 
Public Utilities 
Commission 

We understand the primary purpose of this 
study is not to designate specific National 
Interest Electric Transmission 
Corridors. The draft executive summary 
does, however, identify some major 
transmission needs in each region.  It is 
somewhat unclear what criteria were used 
to select these transmission needs.     We 
understand developing specific reliability 
and transfer capacity definitions and related 
criteria would be difficult in this 
context.  One idea that may help, though, is 
to develop a more precise definition of 
“transmission need.” 
 
It may be helpful organizationally to 
specifically point out in the introduction that 
what we currently have are a variety of 
problems with the existing electricity system, 
such as large price differentials, barriers to 
meeting carbon reduction goals, and the 
related long interconnection queues.   That 
existing situation is described in Chapter 
IV.      
 
Then “need” might be described as the 
requirement to maintain reliability and 
increase transfer capacity in various regions 
if we are to reduce these problems to an 
acceptable level in the future and meet 
carbon reduction goals, as described in 
Chapters V and VI.  The priority problems 
highlighted in the executive summary could 
then be selected using some more specific, 
but perhaps non-quantitative criteria.  Tying 
the chapters together in this way might 
make the information more useful for users 
to identify priorities. 

DOE has amended the definition of 
“transmission need” in the draft Needs Study 
to mean the existence of present or expected 
electric transmission capacity constraints or 
congestion in a geographic area. This 
definition more closely aligns with the 
statutory direction in Section 216(a)(1) of the 
FPA. The draft Needs Study continues to 
acknowledge that geographic areas where 
transmission needs exist could benefit from 
an upgraded or a new transmission facility. 
However, DOE maintains that this Needs 
Study does not intend to prescribe particular 
solutions to the issues faced by the Nation’s 
power sector. Regarding support for NIETC 
designations, although the Needs Study will 
inform potential decisions to designate 
NIETC, Section 216(a)(2) of the FPA provides 
that DOE may also base such designations 
on other information relating to transmission 
capacity constraints and congestion. Prior to 
issuing the next report mandated by Section 
216(a)(2) of the FPA, DOE intends to engage 
in further process and collect additional 
information for purposes of potential NIETC 
designations. Lastly, DOE reiterates that in 
addition to its authority to designate NIETC, 
the Needs Study will inform DOE as it 
coordinates the use of other authorities, such 
as implementing various provisions of the 
Infrastructure Investment and Jobs Act and 
Inflation Reduction Act, and funding related to 
electric transmission. 

8 ES General comment. WECC The subregional breakdowns (beginning on 
page v), appear to contain identical 
‘Indicators’ across the Western 
Interconnection. Perhaps, it would be better 
suited as one comprehensive statement for 
all regions and then state the “Needs” 
broken down by each region. 

Please see resolution to comment 1 



9 ES “Alleviate congestion 
between California and 
the Northwest. 
Transmission path 66 
at the intersection of 
the Northwest, 
California, and 
Mountain.” 
 
and  
 
“Alleviate congestion 
on three Qualified 
Paths within the region. 
Transmission paths 30, 
31, and 36, which align 
with Colorado’s borders 
to the west, south, and 
north, respectively, are 
congested Qualified 
Paths.” 

WECC …we are uncertain whether these paths are 
indeed congested. The challenge with these 
paths is the unscheduled flow due to the 
nature of Western Interconnection and the 
associated reliability risks. 
 

Replaces “Alleviate congestion” with “Alleviate 
unscheduled flows” in both sentences. Struck 
congestion from both the first and second 
sentences. 
 
To be consistent, made the same changes 
above to the “California” subsection in the 
Executive Summary. 

10 ES “Congestion costs 
increased considerably 
from 2020 to 2021 in 
the Mid-Atlantic region, 
surpassing energy 
costs. (§V.d)” 
 
and 
 
“Top congestion 
constraints are in the 
eastern portion of the 
Mid-Atlantic region 
near the borders of 
Maryland, Delaware, 
Pennsylvania, and New 
Jersey. Large price 
differentials occur in 
this part of the region. 
(§IV.b & §V.d)”(§IV.b & 
§V.d)” 
 
 
 
 

PJM A significant portion of the higher congestion 
noted in the Report is associated with 
multiple transmission outages in support of 
approved upgrades. As a result, the 
congestion listed should not necessarily be 
considered a persistent level of congestion 
in the Mid-Atlantic. Moreover, the 
Transource Project 9A would have 
addressed a significant amount of the 
identified congestion but siting of that 
project was denied by the Pennsylvania 
PUC resulting in continued congestion. 
Additionally, higher gas prices result in 
higher magnitude of the congestion dollars. 

Sentence added at the end of first paragraph 
of section V.d.3: “A portion of this congestion 
associated with these constraints are 
associated with scheduled transmission 
outages during approved upgrades.” 
 
Regarding Transource Project 9A, DOE 
appreciates that transmission projects 
currently under development could address 
some of the needs identified in the Study. 
Without insight into all projects currently under 
development and how they may address 
these needs, we are declining to identify 
specific projects as solutions to these needs 
in the Study. We hope the Study will help 
industry prioritize solutions to the identified 
Needs. 

11 ES “Anticipate between 
2,700 and 4,600 GW-
mi (median 3,300 GW-
mi, 23 percent relative 
to 2020 system) in 
2035 to meet moderate 
load and high clean 
energy futures. Current 
utility plans for 
transmission 
development in the 
Mid-Atlantic do not 
meet anticipated need. 
(§VI.b)” 
 

PJM The Report should make clear that existing 
PJM planning, both reliability and market 
efficiency, anticipates future load growth 
and congestion.  Multiple transmission 
upgrades will be or have already been 
approved in accordance with PJM planning 
requirements/processes to address future 
load growth during this period. PJM is happy 
to review this with the authors but is 
concerned the Report does not depict the 
full role of PJM planning which is designed 
to address potential load growth. 

The following was added to Section 1 on 
current planning processes: 
“Transmission planning by designated 
Planning Authorities is driven by FERC Order 
1000 tariff provisions which have traditionally 
been based on siloed processes that use 
tailored deterministic models to protect 
existing service obligations.  In aggregate, 
these assessments are intended to be 
comprehensive in evaluating the reliability, 
economic and public policy requirements of 
the future power system.  Many of these plans 
are primarily focused on compliance with 
NERC and local reliability standards with very 
limited scopes and planning horizons.  These 
assessments typically are performed to 



ensure that future system will address 
expected reliability needs for select futures 
which reflect known resources changes, such 
as resource retirement or modification 
commitments, as well as executed generation 
interconnection agreements and approved 
transmission service requests.”   

12 ES “High dependence on 
natural gas power 
poses a risk to winter 
reliability. (§V.a)” 

ISO-NE This statement is not complete. High 
dependence on natural gas for electricity 
generation alone does not pose a risk to 
winter reliability. New England has a 
constrained gas supply system and 
therefore, during periods of extreme cold, 
New England does not have sufficient 
pipeline infrastructure to meet the region’s 
demand for natural gas for both home 
heating and power generation. This situation 
leaves the region reliant on deliveries of 
liquefied natural gas – a globally-traded 
commodity, as well as in season 
replenishment of oil supplies 

Modified sentence in New England and 
California subsections in the ES: “A 
constrained natural gas system poses a risk 
to winter reliability when demand for gas is 
high for both heating and electricity.” 
 
Also modified Texas subsection of the ES: “A 
constrained natural gas system poses a risk 
to winter reliability, particularly in the absence 
of winter hardening investments and when 
demand for gas is high for both heating and 
electricity.” 

13 ES “Improve onshore 
transmission system 
reliability by designing 
a networked 
transmission system for 
offshore wind 
generation. (§V.c)” 

ISO-NE This statement appears to be based on a 
number of non-ISO-NE studies. These 
studies only show the benefits of offshore 
transmission, without comparing them to 
other alternatives such as strengthened 
onshore transmission. 

Added ISO-NE’s First Cape Cod Resource 
Integration Study (2021) and as well as ISO-
NE’s 2021 Economic Study: Future Grid 
Reliability Study Phase 1 (2022) to several 
places in Section V. 
 
Modified sentence to “A well-designed 
offshore transmission system can integrate 
offshore wind generation without 
compromising reliability of the onshore 
transmission system.” 

14 ES “Increased 
transmission 
maintenance outages 
elsewhere in New 
England can increase 
reliability commitments 
in Maine given regional 
transmission 
limitations. (§V.d)” 

ISO-NE This statement is based on a relatively small 
number of hours during which maintenance 
outages occur, and no analysis is provided 
of the benefits of avoiding these 
commitments vs. the costs of new 
transmission to avoid them. 

Sentence removed from Executive Summary, 
but kept discussion in section V. 

15 ES “Reduce generation 
curtailments by 
increasing transmission 
system for offshore 
wind generation in 
several States. (§V.c & 
V.d)” 

ISO-NE The ISO-NE study that was used to support 
this statement shows that generation 
curtailment is only slightly lower in an 
unconstrained-transmission scenario than in 
a constrained-transmission study. The 
statement in the consultation draft is not 
supported by any cost/benefit analysis of 
the costs of new transmission vs. the 
benefits of reduced curtailment. 

Statement was removed.  

16 ES “The real-time, 
interregional value of 
transmission between 
New York and New 
England was higher 
than the value of 
transmission within 
New England and has 
been increasing over 
the past several years. 
(§IV.b)” 

ISO-NE This is an accurate statement, but this is 
driven more by minimal price differences 
within New England than by large price 
differences between New England and New 
York. 

Sentence modified: “The real-time, 
interregional value of transmission between 
New York and New England has been 
increasing over the past several years.” 



17 ES “Anticipate between 3.4 
and 6.3 GW (median 
5.2 GW, 255 percent 
relative to 2020 
system) new transfer 
capability needed with 
New York in 2035 to 
meet moderate load 
and high clean energy 
futures. (§VI.c)” 

ISO-NE This finding is based on capacity expansion 
modeling similar to that performed in the 
National Transmission Planning Study 
(NTPS). Drawing conclusions from this 
modeling is premature. 

Because the capacity expansion modeling 
used here and that used in the NTP Study are 
so similar, we anticipate the NTP Study will 
find similar levels of transmission is needed. 
The most important value of the NTP Study is 
the power flow and reliability studies that will 
be conducted on candidate transmission 
projects resulting from the capacity expansion 
modeling. We agree the NTP Study will have 
very useful conclusions and hope those 
results and can discussed in the next iteration 
of the Needs Study. 
 
We have added the following to the 
introduction of Section VI to clarify this point 
further:  
 
“The Department is currently undertaking a 
National Transmission Planning Study to 
bridge the gap between national, long-term 
capacity expansion modeling studies and 
regional, near-term transmission planning 
studies (see accompanying text box). The 
National Transmission Planning Study is 
conducting downstream engineering analysis 
of candidate transmission projects which 
result from capacity expansion modeling. 
Future iterations of the Needs Study may 
include the results of the National 
Transmission Planning Study.” 

18 ES Plains summary Iowa Utilities 
Board 

The Plains section of the Executive 
Summary offers certain amounts of GW-
mile for meeting transmission needs.  It may 
be beneficial to consider the possibility of 
future storage capacity collocated with wind 
and/or solar generation, which may 
minimize the need for additional wind or 
solar generation projects. 

Only one study used in Section VI considered 
co-location of solar and battery storage, but 
several did co-optimize for the growth of 
utility-scale storage (which could be placed 
wherever is most optimal, including near solar 
and wind sites).  
 
We added Section VI.a.2. “Treatment of non-
wires alternative transmission solutions” to 
clarify how generation near load, energy 
storage, and DERs are all incorporated in the 
capacity expansion modeling results.  

19 ES Midwest summary Iowa Utilities 
Board 

The Midwest section of the Executive 
Summary offers amounts of GW for 
transmission needed and states that 
congestion is higher in the Dakotas, 
Minnesota and Iowa.  DOE should consider 
the Joint Transmission Interconnection 
Queue projects planned between MISO and 
SPP, which intends to alleviate congestion 
for a foreseeable future in this seam’s 
region.  Iowa, particularly, is on the seam 
and will be the site of one of these projects. 

The JTIQ portfolio is already mentioned in the 
literature review sections V.c. and V.d.4.  
 
While the Department recognizes that these 
projects, if built, will contribute to meeting the 
stated need, we choose not to add them to as 
solutions to the capacity expansion model 
results in section VI. Without insight into all 
projects currently under development in each 
region and how they may address the stated 
needs, including only this portfolio will skew 
the results for other regions.  

20 ES “Generation 
retirements in MISO 
could result in capacity 
shortfalls as early as 
2024. (§V.b)” 

ReliabilityFirst This may be a timing issue and when the 
date was grabbed for this assessment, but 
the 2022 NERC Long-term Reliability 
Assessment now indicates the shortfall 
happening in 2023. Should this be adjusted 
or the wording changed since these have 
the potential to change? 

Regrettably, GDO is unable to address this 
particular comment at this time given the 
timing mismatch of the 2022 NERC LTRA 
publication date. Perhaps after the LTRA 
report is published we can address this in the 
next Needs Study iteration. 



21 ES “Generation 
retirements in MISO 
could result in capacity 
shortfalls as early as 
2024. (§V.b)” 

Midwest 
Reliability 
Organization 

NERC’s 2022 Long-term Reliability 
Assessment, being released mid-December, 
indicates this happening in 2023. Should 
this be updated for NERC’s updated 
assessment? Not sure if this report will be 
released before NERC’s LTRA. There may 
be other references in the other regions that 
may need to be updated for NERC’s most 
recent LTRA. 

See resolution to comment 20 

22 ES “Generation 
retirements in MISO 
could result in capacity 
shortfalls as early as 
2024. (§V.b)” 

Midwest 
Reliability 
Organization 

See earlier comment with regard to NERC’s 
2022 LTRA. 

See resolution to comment 20 

23 ES “Congestion costs 
increased considerably 
from 2020 to 2021 in 
the Mid-Atlantic region, 
surpassing energy 
costs. (§V.d)” 

Delaware 
Public Service 
Commission  

On page xiii, the Needs Study indicates 
congestion costs surpassed energy costs in 
the Mid-Atlantic region in 2021. We find no 
corresponding reference to support that 
assertion in the Needs Study. 

This reference can be found in the first 
section of V.d.3:  
“In PJM’s 2021 State of the Market Report, 
Monitoring Analytics (2022) records that total 
congestion costs increased in 2021, from 
$528.7 million in 2020 to $995.3 million in 
2021, an approximately 88.2 percent 
increase.” 

24 ES “Increase in 
transmission 
deployment to meet 
projected generation 
and demand growth.” 

Delaware 
Public Service 
Commission  

On page xiv, regarding the 
recommendation, “Increase in transmission 
deployment to meet projected generation 
and demand growth”, it is not clear if the 
Needs Study considers the offshore wind 
initiatives of various Mid-Atlantic states and 
corresponding transmission upgrades, and 
how those upgrades may impact congestion 
and any other required transmission build 
out in the region as energy begins to flow 
from east to west. 

Offshore wind is included as a possible 
generation source in many of the capacity 
expansion models used to support this 
statement. This is listed in footnote 45 in 
section VI.a.1. 
 
The discussion of offshore wind in Section 
V.c.1 has been significantly expanded to 
identify specific onshore grid upgrades which 
would be required to accommodate offshore 
wind. 

25 I “DOE undertakes this 
Needs Study to identify 
high-priority national 
transmission needs—
specifically, to identify 
where new or upgraded 
transmission facilities 
could promote greater 
grid reliability and 
resilience; relieve 
expected future 
constraints and 
congestion driven by 
deployment of clean 
energy consistent with 
federal, state, and local 
policy and with 
consumer preferences; 
accommodate higher 
electric demand as a 
result of building and 
transportation 
electrification; and 
address insufficient 
transfer capability 
across regions.” 

ReliabilityFirst Commenter highlights “Where new or 
upgraded transmission facilities” and 
comments: 
 
We suggest using a qualifier here such as 
"general areas where new or upgraded 
transmission facilities could promote greater 
reliability and resilience,", given that this 
study doesn’t specify where facilities are 
specifically needed.  

Please see the resolution to comment 7 
where “transmission need” is redefined. 



26 III “The Western 
Electricity Coordinating 
Council (WECC) 
WIUFMP was used for 
the first time in this 
Needs Study to identify 
congested areas in the 
Western 
Interconnection.” 

WECC We recommend adjusting the following 
statement accordingly since the Western 
Interconnection Unscheduled Flow 
Mitigation Plan (WIUFMP) is managed by 
the individual entities and their Reliability 
Coordinators.  

a. “The Western Interconnection 
Unscheduled Flow Mitigation 
Plan (WIUFMP) was used for the 
first time in this Needs Study to 
identify congested areas in the 
Western Interconnection.” (page 
5) 

Sentence modified: “The Western 
Interconnection Unscheduled Flow Mitigation 
Plan (WIUFMP) was used for the first time in 
this Needs Study to identify congested areas 
in the Western Interconnection.” 

27 III “The Western 
Electricity Coordinating 
Council (WECC) 
WIUFMP was used for 
the first time in this 
Needs Study to identify 
congested areas in the 
Western 
Interconnection.” 

WECC We believe it may add greater clarification 
expanding on “The Western Interconnection 
Unscheduled Flow Mitigation Plan,” (page 5) 
by describing the limited number of paths 
that this may affect; there are only four 
paths involved in WIUFMP of the 
approximately 50 paths that are defined in 
the Western Interconnection. 

Added the following sentence to section IV.c: 
“Four of the approximately 50 paths in the 
Western Interconnection were identified as 
qualified paths.” 

28 III.a “Transmission also 
helps reduce 
congestion and losses, 
which leads to 
economic benefits in 
the form of reduced 
electricity prices, 
reduced system costs, 
and reduced reserve 
margin requirements.” 

Midwest 
Reliability 
Organization 

Transmission expansion in itself does not 
reduce capacity reserve margin. It enables 
reduced margin requirements by providing a 
network where there is more assurance of 
deliverability of generation resources from 
an area rich with generation to one that is 
deficient. Reduced margin requirements are 
more so dependent on generation capacity 
being installed and available. 

Sentence modified to remove portion related 
to reduced reserve margin requirements. 
Additional sentence added specific to 
resource adequacy: 
 
“Transmission also helps reduce congestion 
and losses, which can lead to economic 
benefits in the form of reduced electricity 
prices and reduced system costs. Relatedly, 
diversity in load, generation, and weather 
patterns within and between regions imply 
that resource adequacy can typically be 
improved with increased transmission 
infrastructure, so long as regional planners 
guard against shifting resource adequacy 
responsibilities to neighboring regions that 
face inter-dependent risks.” 

29 III.a “Transmission also 
helps reduce 
congestion and losses, 
which leads to 
economic benefits in 
the form of reduced 
electricity prices, 
reduced system costs, 
and reduced reserve 
margin requirements.” 

ReliabilityFirst If you add more transmission in an area 
where lines are loaded close to Surge 
Impedance Loading, it may not necessarily 
reduce losses or “system costs”. In some 
cases, excess transmission may result in 
the need to add shunt reactors, which may 
negate the cost savings and increase 
losses. 
 
Commenter also highlights “reduced” and 
comments: 
 
There is a wide range of process and 
assumptions used in reserve margin 
calculations. Having this here and having 
this too large could create a new risk of 
interdependency on neighboring systems, 
etc. Is that a new risk that we want to 
introduce? 

See resolution to comment 28 



30 III.a “A more robust 
transmission system 
supports the 
electrification of end-
use devices which 
presently rely on fossil 
fuel combustion, 
resulting in 
environmental benefits 
in the form of improved 
indoor air quality and 
avoided adverse health 
effects.” 

Midwest 
Reliability 
Organization 

As written this limits electrification to 
buildings (reference to indoor air quality). 
Electrification of transportation is currently 
accelerating faster than electrification of 
buildings and will have a bigger near-term 
impact to air quality. Suggest removing the 
inclusion of “indoor” as to not limit the topic 
of electrification. 

Sentence modified to remove “indoor.” 

31 III.a “Without an underlying 
network of transmission 
lines, delivery of large 
amounts of power from 
utility-scale power 
generation installations 
to consumers is not 
possible.” 

ReliabilityFirst Consider rewording to the following: “An 
underlying network of transmission lines 
facilitates the delivery of large amounts of 
power from utility-scale power generation 
installations to consumers.” 
It is possible to deliver large amounts of 
power from utility-scale power generation 
installations, but requires the location of 
such resources to reside adjacent to 
consumers (not cost effective). 

Sentence modified: “An underlying network of 
transmission lines facilitates the delivery of 
large amounts of power from utility-scale 
power generation installations to consumers.” 

32 III.a “In addition to the 
transmission network, 
other transmission 
solutions such as non-
wires alternatives and 
grid enhancing 
technologies, can be 
employed to improve 
the efficiency of the 
grid, improve power 
quality, or enable 
power delivery at lower 
costs.” 

ReliabilityFirst Commenter highlights “enhancing” and 
comments: 
 
In Section V.h grid enhancing technologies 
are defined as being one of the non-wire 
alternatives, consider looking at the way this 
is worded. 

Sentence modified to remove “and grid 
enhancing technologies.” 

33 III.a “Many energy 
resources are currently 
within backlogged 
interconnection queues 
and a well- planned 
transmission system 
can help hasten 
connection of those 
resources to the grid.” 

ReliabilityFirst Redline edits remove “a well-planned 
transmission system” and adds the 
following: 
 
Many energy resources are currently within 
backlogged interconnection queues and a 
more efficient transmission study process 
that ensure the Essential Reliability Services 
are included can help hasten connection of 
those resources to the grid. 

Modified sentence: “Many energy resources 
are currently within backlogged 
interconnection queues and a more efficient 
transmission study process that ensure the 
Essential Reliability Services are included can 
help hasten connection of those resources to 
the grid.” 
 
Footnote added referencing 2016 NERC 
sufficiency guidelines, which has also been 
added as a resource in the references 
section. 

34 III.a “In areas with high 
renewable penetration, 
transmission buildout 
can reduce renewable 
generation curtailment 
and improve the output 
of renewable 
resources.” 

ReliabilityFirst This circumstance impacts generators of all 
fuel source types. Suggest changing 
"renewable" to "resource", then strike the 
second reference to "renewable" in the 
sentence. 
 
Commenter also highlights the section of 
sentence after the comma and comments: 
 
In many cases the fossil fuels are the load 
following units that lowered due to their 
dispatchability and cost and not the 
renewables Consider adjusting this 
language. 

Modified sentence to replace first two 
instances of “renewable” with “resource” and 
struck final “renewable.” 



35 III.a “A more robust 
transmission system 
supports the 
electrification of end-
use devices which 
presently rely on fossil 
fuel combustion, 
resulting in 
environmental benefits 
in the form of improved 
indoor air quality and 
avoided adverse health 
effects.” 

ReliabilityFirst Commenter highlights “transmission” and 
comments: 
 
This would likely require investment and 
upgrade of the local distribution systems as 
well. To be fair and it does not appear 
anyone is talking about the lower voltages 
and impact there. Should that be added 
here? 
 
 

Modified to “…robust transmission system—
along with associated upgrades to the 
distribution system—supports the 
electrification…”  

36 III.b “This study evaluates 
national transmission 
needs. For purposes of 
this document, we 
consider a transmission 
need to be an upgrade 
to or a new 
transmission facility—
including non-wire 
alternatives—that 
would optimally be built 
to address present or 
expected future 
transmission 
congestion or 
transmission capacity 
constraints.” 

ReliabilityFirst Per the reference to "non-wire alternatives", 
sometimes the economic solution is to make 
the existing resources more reliable.  
 

Included sentence in section V.h.3: “GETs 
deployment can also improve the reliability of 
the existing transmission system, which can 
serve as an economical alternative to 
transmission expansion in certain scenarios.” 

37 III.b “This study evaluates 
national transmission 
needs. For purposes of 
this document, we 
consider a transmission 
need to be an upgrade 
to or a new 
transmission facility—
including non-wire 
alternatives—that 
would optimally be built 
to address present or 
expected future 
transmission 
congestion or 
transmission capacity 
constraints.” 

ReliabilityFirst Commenter also highlights “study 
evaluates” and comments: 
 
Upon review we did not see any reference 
in the document that specified the type of 
studies that would be performed to identify 
“optimal” solutions. This seems like it would 
be a difficult thing to determine based on all 
the different measures of project benefits. 
Consider adding that for a complete picture 
of the assessment. 
 
 

Please see the resolution to comment 7 
where “transmission need” is redefined. 

38 III.b “As a result, operators 
are forced to reroute 
power through less 
optimal paths and use 
more expensive 
generation, such as 
conventional fossil 
fuels, while curtailing 
renewables to safely 
meet customer 
demand.” 

Midwest 
Reliability 
Organization 

Suggest removing “such as conventional 
fossil fuels” as expensive generation is not 
limited to just fossil fuels. Further replace 
“renewables” with “less expensive 
generation” since it isn’t always true that 
renewables are being curtailed. Congestion 
always results in less expensive generation 
being curtailed, and more expensive 
generation being increased, regardless of 
fuel type. 

Removed “such as conventional fossil fuels” 
and replaced “renewables” with “less 
expensive resources.” 



39 III.b “As a result, operators 
are forced to reroute 
power through less 
optimal paths and use 
more expensive 
generation, such as 
conventional fossil 
fuels, while curtailing 
renewables to safely 
meet customer 
demand.” 

ReliabilityFirst It would be helpful to cite data from the 
study to support this statement. 

The passage has been modified to: 
“As a result, power is rerouted through less 
optimal paths to use more expensive 
generation while curtailing less expensive 
generation to safely meet customer demand. 
This process occurs either manually through 
operator intervention or automatically via 
Security Constrained Economic Dispatch.” 

40 III.b “A constraint on the 
transmission system 
that may drive 
transmission 
congestion could refer 
to…” 

ReliabilityFirst Later in the report a reference is made to 
the MISO Central to MISO South 
transmission constraint being binding much 
of the time. That constraint is a Contract 
Path constraint, and does not fit either of 
these two definitions used here. Consider 
adding one to fit this path. 

A third bullet was added: 
“A transfer limitation established to manage 
flows in accordance with coordination 
agreements.” 

41 III.b “Reliability standards 
specify the tolerances 
around the nominal 
levels.” 

ReliabilityFirst Commenter highlights “Reliability standards” 
and comments: 
 
Typically the ISO/RTO and utilities set these 
thresholds. Not sure the word standard is 
right here. Consider using the term 
"Operating Limits, which are set by 
equipment owner/operators, specify the...." 

Sentence modified: "Operating Limits, which 
are set by equipment operators, specify the 
tolerances around the nominal levels.” 

42 III.b “We define it here to be 
a suboptimal limit of 
transfer of electric 
power on the grid, 
including those that 
reduce operational 
reliability of the power 
system; power transfer 
capability limits 
between neighboring 
regions that reduce 
resilience or increase 
production costs; and 
limits on the ability of 
new, cost-effective 
generation to be 
delivered to high-priced 
demand.” 

ReliabilityFirst Commenter highlights “demand” and 
comments:  
 
Recommend removing the word "new" here. 
By using LMP as a measure of transmission 
congestion, it appears as though there is an 
association that transmission constraints 
limit the ability of all cost-effective 
generation to be delivered to high-priced 
demand. Without knowing why the 
congestion happened this could be 
misleading.  

Please see the resolution to comment 7 
where “transmission need” is redefined. 

43 III.b “While transmission 
congestion (and the 
related but not identical 
transmission 
constraint) have 
industry standard 
definitions, 
transmission capacity 
constraints do not.” 

SERTP The Draft Study specifically cites to FPA 
section 216 as its authority, but then 
undertakes a very broad analysis of 
“transmission needs” rather than the 
statutorily specified study of “electric 
transmission capacity constraints or 
congestion.” The Draft Study states that a 
“transmission need” for purposes of the 
study is an upgrade or new transmission 
facility that would be built to address 
“present or expected future transmission 
congestion or transmission capacity 
constraints.” The Draft Study presents a 
definition of “transmission congestion” tied 
to a “constraint on the transmission system” 
but then states that while “transmission 
congestion (and the related but not identical 
transmission constraint) have industry 

Please see the resolution to comment 7 
where “transmission need” is redefined and 
Section 216 authority is clarified. 
 
Please also see resolution to comment 11 
regarding existing planning processes. 



standard definitions, transmission capacity 
constraints do not.” Based upon this 
purported ambiguity, DOE adds very broad 
criteria that greatly expand DOE’s definition 
of transmission need to encompass matters 
that have been traditionally considered 
resource/generation/integrated resource 
planning (“IRP”) planning and not 
transmission planning 

44 III.d.1 “Congestion costs are 
directly affected by 
transmission 
investment.” 

Iowa Utilities 
board 

The IUB does not believe that all 
transmission investments impact 
congestion.  For example, investment can 
be made to replace aging infrastructure or 
increase resiliency, meanwhile keeping 
capacity the same.  In the third paragraph in 
section III.d.1., we suggest removing or 
revising the sentence, “Congestion costs 
are directly affected by transmission 
investment.” 

Removed sentence.  

45 IV “Additional 
transmission could 
remove or reduce the 
variation in prices 
caused by congestion, 
allowing lower-cost 
energy to reach high 
demand areas.” 

ReliabilityFirst As cited in section III.d.1 RTO/ISO 
Congestion Management Practices, 
changes in system topology, changes in 
load/demand or resources in areas all have 
and can impact congestion. Congestion is a 
signal to market on where resources, but 
the system conditions need to be accounted 
for as well.  

Thank you for the comment. We believe this 
concern is appropriately caveated using the 
language “could remove or reduce” in the 
highlighted sentence. 

46 IV “Examining price 
differences between 
RTOs/ISOs can also 
help identify valuable 
transmission 
opportunities. 
Interregional 
transmission might be 
a better option than 
within- region 
transmission because 
load and generation 
patterns across 
regional markets are 
less temporally 
correlated than within 
different subregions of 
a single market.” 

ReliabilityFirst Historic data identifies historic needs. 
However as the resource mix changes (i.e. 
coal and natural gas generation retirements 
take place and or are accelerated) flows on 
the transmission system will most likely 
change. As a result the historic performance 
and data used might not be a good indicator 
of future performance. Study and analysis of 
these new installations are needed.  

While it is true that resource mix changes will 
change power flow and congestion, GDO 
respectfully disagrees that historic data 
therefore is not relevant to current impacts. 
Recent historic trends are capturing the 
resource mix changes that will continue into 
the near future. 
 
More detail was added to highlight the 
importance of the regional transmission 
planning processes which do study these 
impacts. See resolution to comments 3 & 11. 
 
In addition, the following was added to 
Section 1: 
“Transmission planning is becoming more 
difficult and complex with the adoption and 
integration of new distributed and variable 
resources which affect the performance and 
capabilities required at the bulk power 
system.  Advanced transmission technologies 
are being incorporated on the grid to enhance 
asset utilization, mitigate curtailments of 
renewable resources which in many cases 
has energy storage capabilities, and better 
manage congestion patterns that may not be 
considered in existing planning processes.  
Although it may be a paradigm shift compared 
to traditional operations, leveraging 
technology to increase an operator’s visibility 
and understanding of power system flows and 
capabilities on critical components should 
actually improve grid security, not jeopardize 
reliability.” 



47 IV “FERC suggests that 
the “piecemeal” 
approach to 
transmission 
deployment that occurs 
with the interconnection 
agreement process will 
not benefit from the 
economies of scale that 
would accompany a full 
regional transmission 
planning process 
(FERC 2022).” 

ReliabilityFirst Commenter highlights “full regional 
transmission planning process” and 
comments: 
 
PJM and MISO both perform regional RTO 
Planning studies and inter-regionally as 
well. SPP does the same with MISO. 
Consider looking into these processes and 
include that here.  

See resolution to comments 11 and 19. 

48 IV “FERC suggests that 
the “piecemeal” 
approach to 
transmission 
deployment that occurs 
with the interconnection 
agreement process will 
not benefit from the 
economies of scale that 
would accompany a full 
regional transmission 
planning process 
(FERC 2022).” 

Midwest 
Reliability 
Organization 

SPP and MISO have a Joint Targeted 
Interconnection Queue Study that is inter-
regional planning. Consider mentioning this 
process here to showcase the value of inter-
regional planning. 

See resolution to comments 11 and 19.  

49 IV n/a Oregon DOE Sec. IV – Historical Data - Lack of wholesale 
price data in non-RTO regions & Qualified 
Paths: We appreciate GDO’s recognition 
that assessing transmission congestion in 
the non-RTO West based on historical 
wholesale electricity price data can be a 
particular challenge. Relative to regions with 
RTOs, the predominance of BPA and 
vertically integrated utilities puts downward 
pressure on the annual volume of energy 
that gets transacted in the wholesale 
markets of the non-RTO West, leading to a 
relative lack of wholesale electricity price 
data. Because of this, we found the 
Qualified Paths sub-section, including the 
discussion of loop flows, the constraints of 
having 38 fragmented BAs, and the lack of 
centralized transmission planning, 
particularly useful. 

Thank you for your comments. We are glad 
the Study is proving useful. 

50 IV “Section IV.a reviews 
the past decade of 
transmission 
investments in each 
U.S. region using 
metrics as outlined in 
the 2017 Transmission 
Metrics Report (FERC 
2017).” 

ReliabilityFirst This reference is 5 years old and the grid 
has changed a lot with respect to 
infrastructure and resource additions. With 
all the change consider adding text to reflect 
that change has taken place and needs to 
be accounted for.  

DOE believes no further clarification is 
required. Section IV states that the study 
“…reviews the past decade of transmission 
investments in each U.S. region using metrics 
as outlined in the 2017 Transmission Metrics 
Report (FERC 2017).” (Emphasis added). 
 
Section IV.a further clarifies: “FERC 
presented data from 2008 to 2015 in its 
metrics report (FERC 2017); we consider the 
decade of investments from 2011 to 2020.” 
(Emphasis added). 

51 IV.a “Transmission 
investments are 
inherently lumpy.” 

ReliabilityFirst Commenter highlights “lumpy” and 
comments:  
 

Changed to “Transmission investments are 
inherently ‘lumpy,’ or unevenly distributed.” 



Suggest replacement of the term "lumpy" 
with a more technical term (e.g., back end 
loaded). 

52 IV.a “To account for this 
lumpiness, we present 
temporal trends using 
rolling averages, which 
differ from the metrics 
FERC has developed.” 

ReliabilityFirst Suggest to replace "lumpiness" with "non-
distributed representation". 

Changed to “To account for this “lumpiness,” 
or unevenly-distributed representation.”  

53 IV.a “The proportion of 
project circuit- miles 
installed by non-
incumbent transmission 
developers has steadily 
decreased from 40 
percent in 2013 to less 
than 2 percent in 
2020.” 

ReliabilityFirst How does this correlate to actual and 
forecasted load growth for each area? 
Within some areas of North America, all-
time peak demand numbers were 
experienced prior to 2015 paired with large 
amounts of generation retirements due to 
EPA MATS. This may have led to overall 
increased investment in transmission 
infrastructure during that timeframe. Thus, 
creating an increased demand that allowed 
more opportunities for non-incumbent 
developers. 

Load during this decade was relatively flat in 
all regions. Where regional load did fluctuate, 
that was balanced by commensurate load 
changes in other regions such that national 
load was flat. The average national annual 
load from 2011-2020 was 4006 TWh, with a 
minimum of 3955 TWh in 2013 and maximum 
of 4128 TWh in 2014. 
 
We considered adding both regional and 
national load data to the referenced figure, but 
due to its flatness the figure did not add any 
value. 

54 IV.a Figure IV-2 WECC Regarding the first graph on page 22, it 
would be helpful to clearly define incumbent 
vs. non-incumbent entities. 

Sentence introducing figure IV-2 revised: 
“Incumbent transmission developers, or 
entities that develop transmission within their 
own retail distribution footprint, have always 
dominated project development space 
nationwide. The proportion of project circuit-
miles installed by non-incumbent transmission 
developers, or entities that do not have a 
retail distribution footprint or that are public 
utilities developing transmission outside of 
their footprint, has steadily decreased from 40 
percent in 2013 to less than 2 percent in 
2020.” 

55 IV.a discussing resource 
adequacy concerns in 
the Northwest, 
Southwest, California, 
Plains, Midwest, Delta, 
and Texas 

SERTP Another concern with the Draft Study’s 
conclusions on the need for significant 
interregional/interface facilities is that such 
“solutions” could allow certain regions to 
shift their resource adequacy responsibilities 
to neighboring regions, exacerbating 
existing resource adequacy problems and 
ultimately increasing reliability risks to all. 
For example, the Draft Study identifies 
several regions that are predicted to 
experience resource adequacy problems or 
that are likely to experience complications 
associated with not having sufficient 
dispatchable resources/high renewable 
penetration. While interregional transfer 
capability may temporarily, or in isolated 
instances, alleviate these complications, 
resource adequacy as a whole cannot fully 
and finally be resolved through transmission 
–it is, after all, a resource issue. If those 
regions do not directly address those 
problems internally but instead expand their 
interface ties, then those regions are merely 
exporting their problems to neighboring 
regions…this concern of allowing regions 

See resolution to comments 11 and 28. 
 
Joint coordinated planning has worked in the 
past to accommodate seasonal diversity 
exchanges between regions in the past.  
While it may be a challenge, more 
coordinated joint planning will be required in 
the future for a decarbonized grid to be 
affordable for consumers. 



with resource adequacy problems to shift 
those problems to their neighbors appears 
borne out by the Draft Study’s Table VI-3, 
which seems to indicate that current low-
cost regions, such as the Southeast, would 
have to bear significant upgrade costs to 
enable its neighbors to “lean on” the 
Southeast. While there could be some 
benefits from geographic and resource 
diversity, it cannot come at the cost of 
encouraging regions to disregard their own 
respective resource adequacy. ….In sum, 
there may be better alternatives to the 
massive build-out of interfaces as 
forecasted in the Draft Study. These include 
regions addressing their problems with 
internal upgrades (which could be 
transmission or supply-or demand-side 
alternatives). The Draft Study, however, 
appears to give no consideration to the 
possibility of other, more cost-effective or 
efficient alternatives. For example, for the 
Southeast, the Draft Study specifically 
forecasts that 5,400-8,000 GW-mi of new 
transmission is needed but fails to consider 
whether there are more cost-effective or 
efficient or reliable alternatives. 

56 IV.b.1 “New transmission 
between low- and high-
priced regions would 
allow load in high-
priced markets to draw 
energy from a larger 
set of generators and 
lower electricity costs in 
high-priced regions.” 

ReliabilityFirst Please keep in mind the system conditions 
that initiated the congestion needs to be 
accounted for. In most cases this is true 
only to the extent that there are additional 
low priced resources available in the low 
priced market and the limitation is between 
the same two areas. Otherwise, the 
economic benefit may be a wash with prices 
in the two markets becoming the same, 
somewhere between the low and high 
priced resources.  

Added text to the Study, including new 
citation: "The extent to which high prices 
could be reduced depends on the magnitude 
of available generation made accessible by 
the new transmission. Goggin (2021) explored 
the potential for interregional transfer during 
recent extreme weather events, such as 
Winter Storm Uri. Goggin (2021) found that 
while transfer across regions would have 
been limited by lack of available generation 
during certain hours, substantial transfers 
across existing lines did help to limit price 
spikes in multiple regions and that additional 
transmission capacity would have allowed for 
even greater reduction to price spikes during 
many extreme weather events." 

57 IV.b.1 “Of particular interest 
are locations that have 
large price spikes 
across many years, 
which could indicate 
insufficient 
transmission 
infrastructure (FERC 
2017).” 

ReliabilityFirst Or indicate where resource should be 
installed to ease the congestion. 

Added the text: " or insufficient local 
generation." 

58 IV.b.1 “High-priced regions 
are identified in New 
York City and Long 
Island, in PJM near 
Washington DC, and in 
eastern SPP.” 

ReliabilityFirst Commenter highlights “New York City and 
Long Island” and comments: 
 
Under the current planning processes, and if 
plans remain unchanged, New York and 
Long Island will be receiving enough 
offshore wind that could potentially reverse 
the direction of flows in that area. Installing 
more transmission capability for imports 
may not be needed. Instead an excess may 

Added a caveat to mention offshore wind 
could potentially impact prices: "Note that new 
offshore wind development could also 
potentially reduce high prices found in New 
York City and Long Island, and in New 
Jersey." 
 
Though we added a new caveat calling out 
offshore wind, we had already included text 
which addresses the point made about 



exists. The New Jersey may face the same 
issue. Careful planning analysis is needed 
to ensure additions and enhancements are 
made reliably.  
 
Commenter also highlights “Washington 
DC” and comments: 
 
Recently, State Regulators rejected a 
project to increase transmission capability 
into Washington DC area. As mentioned 
above these higher prices are an signal and 
encourage new lower priced resources to be 
built near the loads, in this case Washington 
DC.  

Washington DC.: "Other strategies (e.g., 
energy efficiency or new low-cost energy 
supply resources) could also help lower 
localized high prices." 

59 IV.b.1 “In SPP and ERCOT, 
extreme weather 
produced a price spike 
in February 2021 
(Levin et al. 2022).” 

Electric 
Reliability 
Council of 
Texas, Inc. 
(ERCOT) 

The draft study identifies a number of 
benefits associated with additional 
connections between Texas and other 
regions of the country. For example, the 
study notes that the increased transfer 
capability would help address capacity 
shortages under emergency conditions like 
those that occurred during the February 
2021 cold weather event. The study also 
identifies Texas as one of the regions with 
the most cost-effective transmission growth. 
 However, the economic, reliability, and 
resiliency benefits identified in the study for 
Texas cannot be achieved by implementing 
only certain projects identified as providing 
the highest value. Rather, the benefits 
depend on additional proposed transfer 
capability being built between other regions. 
As the draft study notes on page 47, “the 
coinciden[t] scarcity of generation resources 
among ERCOT’s immediate neighbors 
during [the February 2021 cold weather 
event] calls into question the value of 
increased transfer capability limits without 
an accompanying increase [in] multiregional 
transfer capability . . . .” Any analysis of 
improvements would therefore need to 
consider the costs of building all of these 
facilities—not just a select few facilities that 
the study identifies as having the highest 
value. 

In section IV.b.2, we changed figure IV-6 to 
show three different time periods rather than 
only two. The time periods are now: 2012-
2020, 2021, and 1H-2022. The impact of this 
change is to slightly deemphasize 2021. This 
allows readers to see transmission value for 
periods that do not include 2021, as well as 
for 2021 on its own. This is important because 
it shows that while 2021 did include extremely 
high values, there were relatively high values 
for interregional transfers into ERCOT during 
other years as well (just not as extreme as 
due to winter storm Uri).   
 
Regarding the dependence of benefits at 
certain locations on the increase in 
multiregional transfer capability, the benefits 
here were calculated independently of each 
other, so the economic benefits are not 
dependent on the other connections. That 
said, it is important to note that generation 
resource limitations in neighboring regions, for 
example, in SPP during portions of the winter 
storm Uri, could limit the value of some of the 
connections below what was found simply 
through examining historical LMP price 
differences. We expanded discussion of this 
limitation (overall generation available across 
multiple regions) in response to comment 56. 

60 IV.b.1 Figure IV-4 ISO-NE Price differences between nodes may not 
be a good indicator of congestion, especially 
when differences are relatively small (on the 
order of $0-5/MWh). Locational Marginal 
Prices (LMPs) often differ by a few dollars 
across New England due to loss factors, 
rather than congestion. It appears that many 
of the price differences in New England are 
fairly small, and may be related to losses 
rather than congestion. 

We agree. We open the discussion of the 
section "IV.b. Market Price Differentials" by 
pointing out that price differential between 
locations depend both on congestion and 
losses, but that congestion is usually much 
larger than losses. We have added text to the 
note associated with Figure IV-4 that states: 
"Also, note that small price differences of $0-
5/MWh may be due to losses rather 
transmission congestion." 

61 IV.b.2 General comment. CT Energy 
Office 

Thank you for section IV.b.2. If we want 
state energy officers and RTO staff to see 
the value of interregional transmission we 
need material like this. I would actually even 
try to emphasize more how interregional 
transfers can improve reliability in the face 

Thank you for your comment. We are glad the 
Study is already proving useful. 
 
See resolutions to comment 58 and 62 for 
expanded discussion on the value of 



of weather extremes and in system 
recovery. With the 2003 Blackout, it was the 
HVDC Cross Sound cable that was used to 
restore Long Island. 

interregional connections during extreme 
events.  

62 IV.b.2 (map) Electric 
Reliability 
Council of 
Texas, Inc. 
(ERCOT) 

However, the study fails to account for data 
that may skew the overall historical trend. 
The most obvious example is the use of 
2021 price data for ERCOT and SPP. 
The February 2021 winter storm was a 
statistical outlier by any metric. Some 
analyses suggest this storm was a 1 in 100 
or even a 1 in 130-year event for the Texas 
region. 
 The extreme weather produced equally 
extreme market pricing outcomes, as 
energy costs in ERCOT in 2021 were six 
times higher than in 2020 due to the 
February 2021 winter storm. Such 
anomalous results should not be expected 
to reoccur with any regularity. 
The study does not consider recent market 
pricing changes, including a $4,000/MWh 
reduction in the system-wide offer cap, that 
would alter the value of transmission 
between ERCOT and other regions if a 
similar loss of generation were to occur 
today. The study also fails to consider the 
various regulatory reforms undertaken that 
would lessen the likelihood of such 
anomalous price events, including adoption 
of rules requiring weatherization of 
generators and critical gas infrastructure …. 
Furthermore, an ongoing market re-design 
will alter future market outcomes and 
therefore impact many of the conclusions 
found in the study. 

These are good points. As mentioned in the 
resolution to comment 59, we have expanded 
figure IV-6 to include more time periods that 
are independent of 2021. This helps to show 
how unique the values were in 2021. The new 
time periods also show that there were 
relatively high values for the interregional links 
into ERCOT (compared to the value of other 
interregional links) in the time periods other 
than 2021, just not as extreme as in 2021. We 
also have added a specific mention of other 
possible responses to winter storm Uri, 
including reducing the price cap level and 
requiring weatherization through regulation. 

63 IV.b.2 Figure IV-6 ReliabilityFirst Which side of each line segment is the high 
price and low price? Washington DC was 
highlighted as being a high price area, but 
the lines to Washington DC are all yellow 
(low average value).  

In this analysis we did not look at the direction 
of high to low price at each link. We also did 
not exactly measure the transmission value 
into DC, we looked at transmission value to a 
hub in PJM that was near DC, but not exactly 
in DC itself. So, some of the difference that is 
seen between Figs IV-5 and IV-6 may be that 
prices in DC may be a little different than the 
nearby hub prices. Additionally, having high 
price spikes does not guarantee that 
transmission will be hugely valuable into a 
specific location, as the spikes may be limited 
in total number of hours. The Figure IV-5 is 
more of a way to screen for potential valuable 
locations, rather than a specific analysis of 
transmission value. 

64 IV.b.2 “While 2021 reflects 
discreet, high-cost 
events in SPP and 
ERCOT, it is not clear 
that other regions are 
at lower risk from such 
events in the future, 
and therefore would 
benefit less from 

ReliabilityFirst Commenter highlights ‘2021 reflects 
discreet, high-cost events in SPP and 
ERCOT” and comments: 
 
In February, there was a large number of 
limitation coupled with unit outages across 
the southwest that played a role in this. 
Wide area planning and analysis is needed 
to ensure additions and enhancements are 
made in the appropriate areas.  

We have added a sentence to point out that 
other changes beyond transmission could 
help address some of these issues, 
specifically regulations to require 
weatherization of generation resources: 
“The high prices found in ERCOT in 2021 
may also have been reduced had certain 
regulatory changes already been 
implemented, including requirements for 



interregional 
investment.” 

weatherization for generation resources and 
lower peak price limits.” 

65 IV.b.3 “Designated extreme 
events produce 10% to 
20% of value (and 
account for ~5% of 
total hours). This 
indicates that many of 
the most valuable 
hours for transmission 
fall outside the set of 
designated extreme 
events, and instead 
occur during more 
standard operational 
conditions that were 
not flagged in the 
process used to 
designate extreme 
events.” 

Iowa Utilities 
Board 

The third paragraph in section IV.b.3. states: 
“Designated extreme events produce 10% 
to 20% of value (and account for ~5% of 
total hours).  This indicates that many of the 
most valuable hours for transmission fall 
outside the set of designated extreme 
events, and instead occur during more 
standard operational conditions that were 
not flagged in the process used to designate 
extreme events.” It may be helpful to 
expand the analysis to determine what 
historical events are more impactful to 
transmission congestion compared to 
extreme weather events. 

Great point. We are actively study this topic 
right now, we'll be able to publish something 
on this in 2023. 

66 IV.b.3 “Overall, this analysis 
highlights the 
importance of properly 
representing 
challenging grid 
conditions, including 
explicitly representing 
extreme weather 
events, fuel-price 
volatility, generation 
and load uncertainty, 
and geographic market 
resolution, when 
estimating or modeling 
the congestion value of 
transmission. 
Additional discussion 
and details can be 
found in Millstein et al. 
(2022a).” 

ReliabilityFirst This analysis seems to indicate that basing 
large-scale transmission infrastructure on 
historical market pricing values does not 
produce a correlation to reliability 
associated with extreme events. In short, 
transmission infrastructure targeted to 
reduce market congestion may not mitigate 
risks associated with wide-area reliability 
events. 

It is certainly likely that reliability value and 
market congestion value are spatially 
correlated, but they are unlikely to be exactly 
correlated, thus we are suggesting the 
importance of accounting for challenging grid 
conditions when calculating congestion value, 
and not only when calculating reliability value. 

67 IV.c “The parallel nature of 
the Qualified Paths 
creates simultaneous 
interactions between 
the eastern and 
western portions of the 
Western 
Interconnection that 
can create significant 
reliability risks.” 

WECC 
 

We agree that this could create reliability 
risks, however, the severity of the risk will 
depend on the system conditions. We 
suggest removing the word “significant. 

Removed “significant” from sentence. 

68 IV.c “Historically, the West 
has leveraged specific 
phase shifting 
transformers, also 
referred to as Qualified 
Controllable Devices, 
to redirect flows to 
manage congestion.” 

WECC 
 

We recommend using the phrase 
“unscheduled flow” rather than “congestion” 

Replaced “congestion” with “unscheduled 
flow.” 



69 IV.c “The Bas cannot 
automatically adjust 
generation in response 
to system congestion, 
which is a base 
functionality of the 
Security Constrained 
Economic Dispatch 
employed by all RTOs.” 

WECC 
 

Redline edit suggestion to capitalize “Bas.” 
 
Also notes: 
 
The statement…may benefit from greater 
clarification because BAs certainly do adjust 
generation in non-RTO regions. 

Capitalized “BAs”. 
 
Modified referenced sentence and following 
sentence to read: 
“The RTOs use a system known as Security 
Constrained Economic Dispatch to 
automatically adjust generation outputs in 
response to real-time system congestion, a 
base functionality not used by the BAs. The 
manual processes used in the non-RTO West 
to adjust generation were reasonably effective 
when net load (demand less variable 
generation) was straightforward to forecast.” 

70 IV.d “As shown later in this 
report, studies have 
repeatedly shown that 
given the Nation’s 
changing resource mix, 
a least-cost power grid 
requires enhanced 
transmission links 
within and among 
regions.” 

ReliabilityFirst Commenter highlights “studies” and 
comments: 
 
Suggest adding a citation to where this is 
referenced later in the report. 

Added hyperlink to section (VI) within 
sentence: “As shown later in this report (§VI), 
studies have repeatedly shown…” 

71 IV.d “High withdrawal rates 
are also evident: 72 
percent of projects that 
sought interconnection 
between 2000 and 
2016 subsequently 
withdrew their 
requests.” 

ReliabilityFirst Commenter highlights “requests” and 
comments: 
 
Recommend adding why these withdrawals 
happen. In many cases developers load the 
queues and then select where they can 
profit the most, leaving the planners with re-
study and analysis as the queue constantly 
is changing.  

New paragraph added to clarify this point:  
“There are numerous drivers of these trends. 
While lack of access to transmission is a 
major barrier, there are many potential 
reasons that proposed power plants do not 
always move rapidly to the construction 
phase. Some projects in the queues are more 
exploratory in nature, in part driven by 
uncertainty in the scope and cost of 
necessary transmission upgrades and the 
extended timelines associated with the 
current interconnection process—often 
leading to withdrawals and successive 
restudies. Other challenges include securing 
land, permits, community support, power 
purchasers and financing, as well as 
unanticipated changes to project economics 
and available policy incentives.” 
 
The opening sentences of the following 
paragraph were modified to: 
“As such, these trends partly reflect strong 
growth in interconnection requests and a 
diversity of underlying project-level and queue 
management issues. Yet there is also 
recognition that trends in interconnection 
queues are impacted by limited existing 
transmission infrastructure and transmission 
upgrade costs that, in many cases, the 
interconnecting generator must bear (DOE 
2022a).” 

72 IV.d “Importantly, evidence 
is also mounting that 
some of these network 
upgrades provide 
system-wide benefits 
(ICF 2021).” 

ReliabilityFirst It should be noted that various wholesale 
markets handle this cost allocation process 
differently, which includes cost sharing or 
reimbursement from all connected 
generators that have an impact to the need 
of the new infrastructure, thus allowing all 
connections benefiting from the 
reinforcement to share in the cost. 

Sentence modified to: 
“The specifics of cost allocation for these 
network upgrades vary regionally, but 
evidence is mounting that some of these 
network upgrades paid by interconnecting 
generators provide system-wide benefits (ICF 
2021).” 
 



 
Also, the inverse of this statement is true as 
well. As conventional generation retires, 
transmission owners will likely be 
responsible for system reinforcements that 
provide additional wide-area benefits 
beyond their intended design. Using Figure 
IV-3 in this report, Reliability-based 
investment has on average been greater 
than 50% of total investment since 2015. 
Has this investment in turn reduced 
potential High Capacity and Economic 
costs? 
 

73 IV.d “Recognition is growing 
that improved 
transmission planning 
and additional 
investment in the bulk-
power transmission 
network will be needed 
to optimize the overall 
power grid and would 
be an effective means 
to address the 
increasingly long 
interconnect queue 
times.” 

ReliabilityFirst Keep in mind much of this analysis was with 
the low cost fossil fire units in place. Once 
they are retired the scenarios examined 
may look very different. As a result, this is 
only true if one of the following remains 
constant: 1) end-use customer demand 
within the market area; or 2) total resources 
within the market area (as referenced in 
III.d.1 RTO/ISO Congestion Management 
Practices). This analysis did not evaluate 
impacts of increased electrification on these 
high-priced regions or potential generation 
retirements and the continued effectiveness 
of large-scale system reinforcements. 
 
Recommend changing this sentence from 
"recognition is growing" to, "FERC has 
recognized". Additionally, the RTOs do 
studies and analysis across the seams to 
ensure economic and reliability 
enhancements are made. Consider adding 
that as well.  

Sentence revised to begin with:  
“FERC notes that improved…” and was FERC 
report was re-cited. 

74 IV.e “Regions of high prices 
exist in Southeast MO, 
Southern OK, 
Northwest WI, Eastern 
and UP MI, Eastern 
MD/VA, Delmarva 
Peninsula MD and DE, 
Long Island NY, 
Southern Coast CA, 
and Northern coast 
CA. “ 

ReliabilityFirst Commenter highlights “Delmarva” and 
comments: 
 
If more infrastructure is being considered, 
allowing the RTOs to perform their analysis 
should aid in the correct placement of these 
Facilities.  

We agree planners and utilities have the best 
insight into their systems. The following was 
added to Section 1: 
“The National Transmission Needs Study is 
not meant to displace the transmission 
reliability or planning responsibilities of the 
Reliability Coordinators and Planning 
Authorities, but rather help to inform and drive 
effective regional and interregional planning to 
properly assess the value of transmission and 
the ability of a robust transmission plan to 
lower overall delivered energy prices to 
consumers.  The National Transmission 
Needs Study will evolve with time and must 
incorporate the findings of industry and other 
government initiatives to determine a 
consensus long-range national plan for the 
bulk electric power system.  It’s critically 
important that utilities have a primary role in 
transmission expansion planning since they 
own and operate the facilities which integrate 
and deliver capacity and energy to address 
consumer needs.  Transmission 
owners/operators understand the remaining 
life in aging assets and local needs that are 
unique to their system’s footprint.” 



75 IV.e “The highest value is 
found by connecting 
ERCOT to the 
Southwest region of the 
Western 
Interconnection, 
followed by connecting 
ERCOT with the 
Eastern 
Interconnection.” 

ReliabilityFirst Depending on where the interconnection is 
made additional infrastructure may be 
needed along with system upgrades beyond 
the interconnection point to accommodate 
the transfers of energy. A cost benefit 
analysis would need to be done to assess 
the best economic alternative. In addition, 
the 2021 event also included issues where 
existing resources and resource supply lines 
were not prepared for extreme cold weather. 
Suggest adding that here.  

The following was added to the reference 
paragraph in section IV.e: 
“Identifying the best nodal locations to make 
these connections requires additional 
engineering analysis which considers 
downstream system upgrades to support 
increased energy transfers.” 

Regarding weatherization of supply, see 
resolution to comments 62 and 64. 

76 IV.e “Wind and solar 
generation require 
building of new 
transmission to bring 
these low-cost 
resources to load.” 

ReliabilityFirst This study references analysis that indicates 
wind is directly tied to increased 
transmission costs while solar is directly 
tired to increased battery storage costs. 
Suggest the removal of solar from this 
statement and citation of this analysis within 
this report. 

Also, if any new generation connecting to 
the system takes advantage of locations 
associated with recent generation 
retirements, there is a likelihood that 
interconnection costs could be reduced. 

Modified sentence to: “Generation resources 
with strong technical and economic potential 
located far from the existing transmission 
system—notably wind energy—require 
building new transmission to bring these low-
cost resources to load.” 

Added citation to: 
Brooks A. 2022. Renewable Energy Resource 
Assessment Information for the United States. 
Washington, DC: DOE, Office of Energy 
Efficiency and Renewable Energy. 

77 IV.e “This congestion 
results in reliability 
concerns for the entire 
western system, 
particularly as the 
generation fleet is 
replaced due to age, 
climatic changes, and 
advancing 
technologies.” 

Iowa Utilities 
Board 

In the fourth paragraph of section IV.e., the 
IUB suggests changing “climatic changes” 
to “climate change goals” for clarity in the 
sentence, “This congestion results in 
reliability concerns for the entire western 
system, particularly as the generation fleet 
is replaced due to age, climatic changes, 
and advancing technologies.” 

Clarified “climatic changes” by modifying the 
sentence: “This congestion results in reliability 
concerns for the entire western system, 
particularly as the generation fleet is replaced 
due to age, climatic changes (e.g., severe 
drought conditions), and advancing 
technologies.” 

78 V General comment. 
Table V-1 and section 
V.d4

Minnesota 
Department of 
Commerce 
and the 
Minnesota 
Public Utilities 
Commission 

…we suggest adding the MISO LRTP study 
to your evaluation of transmission 
needs.  The results may provide important 
insights.  The 2022 MISO LRTP study did 
include a resource expansion component, 
but may best fit in Chapter V, specifically 
Table V-1 and Section V.d4. The final MISO 
LRTP report is available at this link: MISO 
Long Range Transmission Planning 
Tranche 1 

MISO LRTP study has been incorporated 
throughout Chapter V. 

79 V General comment. CT Energy 
Office 

Section V is a good list of the literature 
reviewed and I am familiar with a lot of 
them. I add this link to an article which itself 
has links to two other MIT articles that have 
been influential to staff here in New England 
and put forward a concept we are actively 
reviewing. 
https://news.mit.edu/2022/new-england-
renewables-canadian-hydropower-
0408

A summary of and reference to “Two-Way 
Trade in Green Electrons: Deep 
Decarbonization of the 
Northeastern U.S. and the Role of Canadian 
Hydropower” has been added to Chapter V.  

80 V [Table V-1 rows 1-3] NESCOE Gov 
Offices 

Recently, five of the New England states 
issued a joint Request for Information (RFI), 
“seeking comment on an initiative to 
integrate offshore wind and other resources 
in a cost-effective, reliable and efficient 

Thank you for this information. GDO hopes 
the RFI is successful, and we look forward to 
continued collaboration. 



manner—including opportunities to leverage 
federal funding for New England 
transmission investments under the federal 
Infrastructure Investment and Jobs Act 
(IIJA) and Inflation Reduction Act (IRA).” 
Along with the RFI, the states included a 
conceptual framework for a modular 
offshore wind integration plan, focused on 
identifying efficient, least-cost offshore 
transmission infrastructure solutions. This 
effort complements the Department’s 
ongoing Atlantic Offshore Wind 
Transmission Study. Continued dialogue 
around and alignment of Department and 
regional work can help promote the timely 
and efficient consideration of further federal 
and regional efforts to advance both 
landside and offshore transmission 
solutions. 

81 V [Table V-1 rows 1-3] NESCOE Gov 
Offices 

We note that the New England specific 
studies considered in the draft NTS focus 
primarily on offshore wind development, 
including a 2019 Offshore Wind Integration 
Economic Study that NESCOE requested. 
Since that offshore study was completed, 
further work has been done that may 
provide insight into transmission needs 
related to offshore wind, particularly in 
southeastern Massachusetts and Rhode 
Island (SEMA/RI). In July 2021, ISO-NE 
completed the First Cape Cod Resource 
Integration Study, which identified the 
transmission upgrades necessary to enable 
the interconnection of 1,200 megawatts 
(MW) of offshore wind resources. The 
Second Cape Cod Resource Integration 
Study is currently underway, which is 
intended to build on the First Integration 
Study and identify transmission upgrades 
necessary to interconnect the remaining 
offshore wind resources. Together, these 
studies put a finer point on the potential 
transmission needs to interconnect offshore 
wind in Cape Cod and allow that generation 
to flow out of SEMA/RI. We recommend the 
Department consider including these recent 
studies in the NTS to enhance the analysis 
of transmission needs associated with 
offshore wind integration in New England. 

ISO-NE’s First Cape Cod Resource 
Integration Study has been incorporated 
throughout Chapter V. The second has not 
been completed so it has not been 
incorporated.  

82 V n/a Oregon DOE Sec. V – Existing Studies – If GDO is 
interested in additional reference material 
for the current Needs Study and/or future 
studies, Evolved Energy Research has 
performed several studies examining market 
and policy optimized build-outs of 
generation, storage, and transmission for 
different states and regions of the country, 
including the West and PNW. Particularly 
relevant to the West are the following 
studies, several of which highlight the 
market value that offshore wind can provide 
the West under current economy-wide 

Added reference to Oregon Clean Energy 
Pathways (2021) to Chapter V.  



decarbonization and clean electricity 
policies of western states (i.e., in the 
absence of a new policy specifically 
requiring the development of OSW): 
West-wide Power of Place (2022) – OSW 
Note: shows offshore wind as a cost-
effective regional resource to supply 
significant clean power exports to Western 
states outside of Oregon beginning as early 
as the 2026-2030 timeframe under a high 
electrification scenario, growing to around 
15 GW by 2050.West-wide Power of Place 
(2022) – OSW Note: shows offshore wind 
as a cost-effective regional resource to 
supply significant clean power exports to 
Western states outside of Oregon beginning 
as early as the 2026-2030 timeframe under 
a high electrification scenario, growing to 
around 15 GW by 2050. 
Oregon Clean Energy Pathways (2021) – 
OSW Note: shows offshore wind as a cost-
effective regional resource beginning in 
2035, growing to 20 GW by 2050.Oregon 
Clean Energy Pathways (2021) – OSW 
Note: shows offshore wind as a cost-
effective regional resource beginning in 
2035, growing to 20 GW by 2050. 
Washington State Energy Strategy 
Decarbonization Modeling (2020) - OSW 
Note: shows offshore wind off the west 
coast as early as 2025, growing to around 
20 GW by 2050.Washington State Energy 
Strategy Decarbonization Modeling (2020) - 
OSW Note: shows offshore wind off the 
west coast as early as 2025, growing to 
around 20 GW by 2050. 
PNW Deep Decarbonization (2019)PNW 
Deep Decarbonization (2019) 

83 V.a [discussing HVDC] SERTP The Draft Study forecasts the need for a 
massive build-out of virtually all interface 
ties but does not give consideration to the 
corresponding vast amounts of local 
upgrades that would need to be made to 
accommodate expanding such ties by the 
projected gigawatts of capacity. To illustrate, 
and using HVDC lines as an example of 
expanded interregional capacity, such lines 
typically carry between 500 MW and 2000 
MW of power. When transferring power 
across the HVDC line, the source end of the 
HVDC line would draw in up to 2000 MW of 
generation out of the system, acting like a 
2000 MW load. The delivery end of the 
HVDC line would push 2000 MW of power 
into the receiving system, similar to adding 
2000 MW of power, much like a large 
generation site. The existing transmission 
system is currently not designed to handle 
either the 2000 MW of generation being 
moved out of the system or the dumping of 
2000 MW of generation into the system at 
the other end of the HVDC line. The existing 

Several references to the need for system 
upgrades to accommodate increased energy 
transfers have been added. See resolutions to 
comments 3 and 75. 



infrastructure would require major, costly 
expansion (in addition to the HVDC line 
itself) of the AC transmission system to 
accommodate this type of large transfer. 
Transmission planners would have to study 
the impacts of each one of these proposed 
HVDC lines and rebuild the existing 
transmission system to accommodate the 
Draft Study’s forecasts. 

84 V.a “Breakthrough Energy 
Sciences (2021) further 
concludes that high-
voltage direct current 
(HVDC) connections 
that span 
interconnection seams 
enable generation from 
renewables to be 
shared more readily 
between 
interconnections, which 
makes renewable 
generation less 
variable and more 
reliable.” 
 

ReliabilityFirst Commenter highlights “renewable 
generation less variable and more reliable” 
and comments: 
 
We would advise caution here. Having 
access to a larger amount of variable 
resources does not always equate to better 
reliability. In fact more dependence on a 
variable resource under a contingency 
scenario could be more impactful and cause 
larger issues. This will need detailed study 
and analysis.  

Modified sentence to remove “…which makes 
renewable generation less variable and more 
reliable.” 

85 V.a “82 percent of 
ERCOT’s black start 
resources experienced 
an outage, derate, or 
failure to start.” 

ERCOT The draft DOE study states that 82 percent 
of ERCOT’s black start resources 
experienced an outage, derate, or failure to 
start.” This statement is misleading in that it 
implies ERCOT’s Blackstart Plan was 
compromised. In fact, 10 of the 13 black 
start sites were available 100% of the hours 
during Uri. Most black start sites include 
primary and secondary blackstart units. 
Singular outages of either the primary or 
secondary unit at a Blackstart site would not 
have affected Blackstart Plan performance. 
The chart below shows the overall 
availability for these blackstart sites during 
the event. ERCOT designs its black start 
plan to be effective with expectation that not 
all sites may be available during an 
emergency. 

Removed this sentence, but left FERC et al. 
(2021) recommendation that increased 
interregional transfer capability could improve 
black start capabilities in the region. 
 
Added an additional footnote:  
“Black start capabilities can be improved 
locally without the need for additional 
interregional transmission. FERC et al. (2021) 
additionally recommend a joint study on the 
winter preparedness of ERCOT’s existing 
black start capabilities.” 

86 V.a n/a WECC …there is a discussion about extreme 
events and heat impacting the NW and 
California regions. However, it is not clear 
as to how it impacts the rest of the Western 
Interconnection as described in the 
Executive Summary 

Both NERC (2021) and NERC (2022a) 
discuss the impacts of extreme weather, heat, 
and wildfire risk in all Western regions. These 
are discussed in section V.a and V.b. 

87 V.b “FERC et al. (2021) 
comment that had 
ERCOT been capable 
of increasing its 
imports, the amount 
that MISO and SPP 
could have imported 
likely would have 
decreased without 
increased import 
capability with their 
adjacent neighbors.” 

Iowa Utilities 
Board 

Could be restated for clarity. See resolution to comment 94 



88 V.b “Although historical 
high- impact weather 
events do not lead to 
new operational or 
resource adequacy 
concerns for an 
electricity system with 
high variable energy 
penetration, milder 
versions of these 
weather events of 
increasing frequency 
can result in prolonged 
periods of low variable 
energy availability.” 

Midwest 
Reliability 
Organization 

There have been past challenges with 
variable resources during severe cold 
weather events where wind resources shut 
down because of cold temperature cutouts. 
Example was the 2019 Polar Vortex in the 
upper Midwest where a large amount of 
wind was unavailable because of extreme 
cold weather. 
 

Sentence modified: “Although the historical 
high-impact weather events considered in this 
report did not lead to new operational or 
resource adequacy concerns for an electricity 
system with high variable energy penetration, 
the report does note that milder versions of 
these weather events of increasing frequency 
can result in prolonged periods of low variable 
energy availability.” 

89 V.b “Although historical 
high- impact weather 
events do not lead to 
new operational or 
resource adequacy 
concerns for an 
electricity system with 
high variable energy 
penetration, milder 
versions of these 
weather events of 
increasing frequency 
can result in prolonged 
periods of low variable 
energy availability.” 

Midwest 
Reliability 
Organization 

Is there an example of what the milder 
versions of weather events with increased 
frequency are? It isn’t obvious what type of 
weather events lead to prolonged periods of 
low variable energy availability. 

Added a few sentences: “For example, wind 
generation tends to decrease during periods 
of prolonged cold weather after cold front 
moves through an area. These periods can 
pose challenges to resource adequacy as 
solar output is typically already lower during 
the winter months. Similarly, moderate heat 
waves accompanied by persistent high 
pressure can depress wind generation during 
evening net load peak.” 

90 V.b “Expanding 
transmission to 
integrate 
geographically diverse, 
variable energy 
resources can reduce 
these risks, lower 
capacity reserve 
margins, and reduce 
system costs.” 

Midwest 
Reliability 
Organization 

The more variable resources are added to 
the system, the lesser the accredited 
capacity will be from those resources. This 
theoretically would increase reserve 
margins assuming no other system 
changes. Further, transmission expansion in 
itself does not lower capacity reserve 
margin. There needs to be assurance of a 
generation resource delivered over the 
expanded transmission to an area deficient 
of gen capacity to effectively lower the 
reserve margin.  

See resolution to comment 28 

91 V.b NERC (2021) find that 
generation retirements 
over the next few years 
in MISO will result in 
capacity shortfalls as 
early as 2024 without 
additional generation or 
import transfer capacity 
additions. 

Midwest 
Reliability 
Organization 

NERC’s 2022 Long-term Reliability 
Assessment, being released mid-December, 
indicates this happening in 2023. Should 
this be updated for NERC’s updated 
assessment? Not sure if this report will be 
released before NERC’s LTRA. 

See resolution to comment 20 

92 V.b “FERC et al. (2021) 
recommend that 
adjacent Reliability 
Coordinators, BAs, and 
Transmission 
Operators perform 
bidirectional power 
transfer studies to 
determine constraints 
that could occur when 
importing or exporting 

ReliabilityFirst If this moves forward a criteria will be 
needed to assess the adequate transfer 
capability values. Also keep in mind as was 
mentioned earlier, this could introduce a 
new risk whereby regions or areas become 
dependent on each other. The Heat Dome 
out west pointed out how big of risk that was 
and load needed to be shed. 

See resolution to comments 28 and 74. 



power between 
neighboring regions 
during an emergency 
that spans multiple 
Reliability 
Coordinator/BA areas.” 

93 V.b “This dependence on 
import capacity will 
require coordinated 
resource adequacy and 
transmission planning.” 

ReliabilityFirst Some RTOS already are doing this and 
coordinate this. It is call Load Deliverability. 
One RTO uses a 1 event in 25-year criteria 
for their analysis. 

See resolution to comments 11, 28 and 74. 

94 V.b “As FERC et al. (2021) 
note, MISO and SPP 
also reached 
transmission limits on 
imports during the 
February 2021 severe 
cold weather event, 
though neither region 
was as severely 
affected as ERCOT. 
FERC et al. (2021) 
further add that during 
certain other 
emergency conditions, 
MISO curtailed SPP’s 
imports to avoid 
violating reliability 
limits.” 

Minnesota 
Department of 
Commerce 
and the 
Minnesota 
Public Utilities 
Commission 

While it is true that MISO did curtail SPP 
imports during the February 2021 winter 
event, we are concerned that this statement 
on its own may be misleading.  That section 
of the FERC report also largely describes 
how MISO’s and SPP’s ability to transfer 
nearly 13,000 MW of power through their 
numerous ties with adjacent regions in the 
Eastern Interconnection helped to alleviate 
portions of their generation shortfalls with 
imports from areas that were not 
experiencing the extreme cold weather that 
week.  We suggest adding this context to 
the final DOE Needs Study.  
 
Commenters also note this applies to the 
following sentence in the ES: 
“The MISO region was unable to import 
additional capacity during the February 
2021 cold weather event, negatively 
impacting resource adequacy.” 

This passage has been replaced with the 
following (modified of what was previously 
written): 
 
“As discussed previously, FERC et al. (2021) 
note that ERCOT’s limited interconnections 
with its neighbors significantly affected its 
ability to make up for the capacity shortage 
experienced during the severe cold weather 
event of February 2021. MISO and SPP also 
reached transmission limits on imports during 
the February 2021 severe cold weather event, 
though neither region was as severely 
affected as ERCOT (FERC et al. 2021). MISO 
and SPP were less impacted given the 
strength of their connections with adjacent 
neighbors who were unaffected by the storm. 
Improving transfer capability ties with 
neighboring regions will increase ERCOT’s 
ability to import power to address capacity 
shortages when its system is stressed under 
emergency conditions.  
 
“However, FERC et al. (2021) also comment 
that MISO and SPP would have been limited 
in their ability to increase imports to ERCOT 
during this event—had additional transfer 
capacity ties been available—without 
increased import capability with their adjacent 
neighbors in the Eastern Interconnection. The 
coincidence scarcity of generation resources 
among ERCOT’s immediate neighbors during 
this event calls into question the value of 
increased transfer capability limits without an 
accompanying increase in multiregional 
transfer capability, thereby making the power 
grid larger than the weather systems that 
impact it.” 

95 V.b “NERC (2021) find that 
generation retirements 
over the next few years 
in MISO will result in 
capacity shortfalls as 
early as 2024 without 
additional generation or 
import transfer capacity 
additions. By 2026 
MISO’s reserve margin 
capacity shortfalls will 
be an estimated 3 GW 
(NERC 2021). NERC 

Minnesota 
Department of 
Commerce 
and the 
Minnesota 
Public Utilities 
Commission 

We suggest adding some additional context 
to this statement from the NERC report 
because NERC also indicates that a 
projected five year out capacity shortfall, 
although a concern, is not necessarily 
unexpected.  Page 14 of the 2021 NERC 
Report also states the following:    
 
 “A capacity shortfall of over 560 MW in 
2024 would result if all of these unconfirmed 
retirements were to occur without additional 
new generation resources (on top of the 8 
GW already in development for 

Few sentences added for more context: 
“MISO planners have similarly predicted 
capacity shortfalls in previous iterations of the 
Organization of MISO States (OMS) - MISO 
survey (NERC 2021). While the shortfalls 
ultimately have not yet occurred, the 
continued identification of capacity shortfalls 
as a concern for the MISO region emphasizes 
the persistent need for resource adequacy 
measures such as new transmission.” 



stresses that resource 
adequacy and energy 
sufficiency measures 
need to be urgently 
implemented in the 
area.” 

interconnection by 2024). MISO planners 
note that previous iterations of the 
Organization of MISO States (OMS)-MISO 
survey have also indicated future year 
shortfalls, and the survey results provide a 
mechanism for correction. The assessments 
provide a range of possible resource 
adequacy outcomes at a specific snapshot 
in time. Through coordination between 
MISO, member state utility commissions, 
and stakeholders, past shortfall predictions 
have not come to pass.” 

96 V.c “Increasing the 
diversity of resources 
improves the electric 
system’s ability to 
produce affordable, 
reliable energy while 
increasing the 
operational flexibility 
and reliability of the 
grid.” 

Midwest 
Reliability 
Organization 

Is this statement referring to the locational 
diversity of clean energy resources? Or is it 
referring to having a diverse set of 
resources from different fuel sources (wind, 
solar, natural gas, nuclear, coal, etc.)? As 
written, it could be read both ways so 
clarifying which is being referred to here 
would be beneficial.  

Sentence modified: ‘Increasing the diversity of 
both resource fuel-type and resource 
geographic location improves the electric 
system’s ability to produce…” 

97 V.c-V.d n/a  SERTP While the Draft Study emphasizes the value 
of additional transmission, since the scope 
of the Draft Study does not include specific 
cost ramifications, the Draft Study’s 
assumed benefits are almost certainly 
overstated. For example, the Draft Study 
performs scenario analyses of several levels 
of renewable penetration to conclude that 
vast amounts of additional transmission 
capacity (i.e., gigawatts) are needed both 
internally and between transmission 
planning regions. The Draft Study does not, 
however, appear to weigh the costs 
associated with the specific benefits 
asserted, thereby calling into question 
whether net benefits would be provided or 
whether there may be more economic 
alternatives. The apparent narrow focus of 
the analysis calls into question the probative 
value of the projected transmission needs. 

See resolution to comments 3, 11 and 106. 

98 V.c “Clack et al. (2020b) 
find modeling scenarios 
with strong carbon 
reduction policies result 
in approximately 
140,000 GW-mi of new 
interstate transmission, 
whereas scenarios with 
weak carbon reduction 
policies for cases with 
high solar and high 
wind deployment result 
in approximately 
100,000 GW-mi and 
70,000 GW-mi of new 
transmission, 
respectively.” 

ReliabilityFirst This is difficult to conceptualize. How many 
MW of retired generation is being 
considered by the different scenarios? How 
do you translate that into GW-mi of 
transmission build.  

Footnote was added to the first reference of 
“GW-mi” in the Executive Summary and 
Section V (when discussing results from 
Ardani et al. 2021) to clarify: 
“Gigawatt-mile (GW-mi) is not a commonly 
used unit in the industry, but is the unit used 
by capacity expansion modeling results. For 
comparison, a 100-mile 345kV rated 
transmission line has an estimated carrying 
capacity of 860 MW, equivalent to 86 GW-mi 
(NRRI 1987). And a 200-mi 500kV line has a 
carrying capacity of 1,320 MW, equivalent to 
264 GW-mi (NRRI 1987). See Table VI 2 for a 
comparison of carrying capacities and 
nominal voltage ratings for different length 
transmission lines.” 
 
Additionally, see resolution to comment 3 

99 V.c “NERC (2021) 
highlights that 

ReliabilityFirst This statement indicates that building 
transmission does not address all the 

See resolution to comment 6.  
 



increased use of 
electrical inverters—
which are required to 
connect many 
renewable energy 
resources to the grid—
can lead to reliability 
concerns unless 
precautions are taken.” 

reliability problems associated with 
renewables (i.e., Inverters), and we agree. If 
other problems such as low inertia, low fault 
currents, predictable performance during 
disturbances are not addressed, then no 
amount of transmission expansion is going 
to do any good.  

Added following sentence in paragraph: 
“System reliability concerns may arise from 
low inertia, unstable voltage, low fault 
currents, and unpredictable behavior of 
inverter-based resources during grid 
disturbances without appropriate 
precautions.” 

100 V.c “These common 
upgrades, 
approximately 56 
terawatt-miles (TW-mi), 
make up at least half of 
upgrades for each 
design.” 

WECC We recommend including an explanation on 
what “TW-mi” measures and why it was 
chosen. 

See resolution to comment 98 

101 V.c “In MISO and SPP’s 
JTIQ Study (2022), 
RTOs recommend a 
seven-project 
transmission portfolio 
that relieves constraints 
in both markets, 
enables the 
interconnection of large 
amounts of renewable 
generation near the 
seam, and provides 
other significant 
benefits.” 

Minnesota 
Department of 
Commerce 
and the 
Minnesota 
Public Utilities 
Commission 

The number of projects included in the 
MISO JTIQ portfolio has now been reduced 
from seven to five, since two of the projects 
were moved into the MISO LRTP portfolio.   

Revised from “seven” to “five” 

102 V.c.1 “In the unconstrained 
case, wherein the New 
England transmission 
system is modeled as a 
single-bus system in 
which transmission has 
essentially unlimited 
capacity, spillage is 
slightly lower across 
OSW penetration levels 
compared with the 
constrained case, 
which suggests a 
significant need for 
transmission 
expansion.” 

ISO-NE The section on offshore wind overstates the 
benefits of transmission, both onshore and 
offshore. The statement that “spillage is 
slightly lower across OSW penetration 
levels” (emphasis added) in an 
unconstrained case does not support “… a 
significant need for transmission expansion” 
(emphasis added) later in the same 
sentence.  

Revised sentence to end after “compared with 
the constrained case.” 

103  “Pfeifenberger et al. 
(2020a) indicate that 
only half of Maine’s 
target OSW goal of 
2,000 MW has been 
met primarily because 
of transmission 
constraints, which 
emphasizes the 
possible need for new 
infrastructure.” 

ISO-NE Additionally, Maine’s 2,000 MW target 
mentioned in this section is related to 
onshore wind, not offshore wind, and thus is 
not relevant to this section. 

Revised to remove reference to Maine. 
Passage now begins:  
“Pfeifenberger et al. (2020a) indicate that New 
England has already contracted for 3,112 MW 
of OSW. The next 3,600 MW of OSW could 
still be developed under the status quo with 
each developer constructing a generator-led 
line to an onshore point of interconnection. 
However, this existing approach is likely to 
lead to substantial onshore system upgrade 
needs far sooner than assumed.” 

104 V.c.1 “Pfeifenberger et al. 
(2020a) indicate that 
only half of Maine’s 
target OSW goal of 
2,000 MW has been 

CT Energy 
Office 

I think that is an error. I am sure that Maine 
has not acquired any OSW to date. I 
checked with my Maine contact, and he 
said: 
 

See resolution to comment 103 



met primarily because 
of transmission 
constraints, which 
emphasizes the 
possible need for new 
infrastructure.” 

“We have about 1,000 MW of onshore wind 
installed in Maine, and substantial amounts 
in the interconnection queue/potentially 
under contract. The 2009 Wind Energy Act 
established goals of 2,000 MW by 2015, 
3,000 MW including 300 MW offshore by 
2020, and 8,000 MW including 5,000 MW 
offshore by 2030. It sounds like the DOE 
report is conflating the generic 2015 goal 
with an OSW goal, but in any case, the 
numbers speak for themselves. There were 
not procurement mechanisms associated 
with these goals when they were 
established.” 
 

105 V.d Figure V-3 Iowa Utilities 
Board 

Figure V-3 shows relatively high congestion 
costs for NYISO and CAISO.  However, 
later in the report, Table VI-2 shows that 
New York and California have relatively 
minimal estimated transmission buildout in 
the futures analysis.  An explanation for this 
discrepancy may be appropriate. 

Capacity expansion models do not account 
for congestion occurring on the grid today. 
More explanation about capacity expansion 
models has been added to Section VI. See 
resolution to comment 133. 

106 V.d.1 General comment ISO-NE This section contains a statement that 
congestion creates a need for transmission 
expansion. However, there is no 
comparison of the cost of congestion with 
the cost of new transmission infrastructure. 
If the cost of new transmission significantly 
exceeds the cost saved through congestion 
reduction, it is not economically efficient to 
build new transmission. This is often the 
case in New England, where transmission 
costs are relatively high and congestion is 
lower than in other parts of the U.S. 

The following sentence was added to Section 
V.d: 
“If a transmission facility is being considered 
for the sole purposes of alleviating 
congestion, the cost of the project would need 
to be less than the congestion costs which are 
alleviated for the project to be financially 
viable.” 

107 V.d.1 “Further, the Surowiec 
South interface in 
southern Maine has a 
transfer limit of 1,500 
MW, which results in 
heavy constraints (ISO-
NE 2020). This 
constraint causes price 
separation, with prices 
in Boston, New 
Hampshire, and SEMA 
higher than in Maine 
and the Bangor Hydro 
region (ISO-NE 2020).” 
 

ISO-NE The last paragraph of this section 
mischaracterizes the findings of the ISO-NE 
2019 Economic Study. The analysis by ISO-
NE referenced here was part of an 
economic study looking at a specific set of 
possible future system conditions, not 
existing congestion. Additionally, the ISO-
NE study states the following in footnote 33: 
“This study assumed a Surowiec South 
interface transfer limit of 1,500 MW. 
However, the Surowiec South interface 
transfer limit is expected to increase to 
2,500 MW once NECEC and its associated 
transmission upgrades are in service.”1 
Pointing to this interface as a source of 
congestion, without acknowledging the 
upcoming increases in interface capability, 
is misleading. 

Thank you for the clarification. This passage 
was removed. 

108 V.d.2 Figure V-4 ReliabilityFirst The map on page 51 does not depict this 
type of difference in LMP (the lines on that 
map are yellow) 
 
Authors, please see – Pg 28, Fig IV-6 

We believe the data shown in Figs IV-4, IV-5, 
IV-6 and V-4 are consistent. In Fig. IV-6 the 
price differences between upstate New York 
and Manhattan are $14/MWh using 2012-
2020 data, which is very similar to the 
~$20/MWh price difference shown in Fig V-4 
for 2020 data. The color legends between the 
two figures are not consistent as these are 
from different reports. 



109 V.d.3 General comment. PJM The congestion data portrayed in the report 
is accurate. However, it should be noted 
that TLRs are not very relevant for PJM. 
Moreover, the TLR level is minimal 
compared to other RTOs because of our 
market-to-market coordination with the 
Midwest ISO. 

The following sentence was added to this 
passage: 
“As described in Section III.d, TLRs only 
partially describe the congestion in RTOs 
where real-time transmission congestion is 
predominantly managed in the wholesale 
electricity markets.” 

110 V.d.3 “Key constraints with 
regionwide impact 
included the Three Mile 
 Island Transformer, 
Nottingham Series 
Reactor, Cumberland–
Juniata Line, 
Conastone 
Transformer, and 
Brighton Circuit 
Breaker.” 

ReliabilityFirst Considered adding language around why 
these areas were impacted. 

Sentence was removed and instead readers 
are directed to the figure to see the top facility 
constraints. Additionally, see resolution to 
comment 10.  

111 V.d.4 “All wind resources are 
currently in MISO 
Midwest, so flows are 
north to south when 
wind is high and in the 
reverse direction when 
wind is low.” 

ReliabilityFirst Commenter highlights “All wind resource are 
currently in MICO Midwest” and comments: 
 
Consider rewording to state "All wind 
resources within MISO are in the MISO 
Midwest area…."  

Modified sentence: “All wind resources within 
MISO are currently located in the MISO 
Midwest area, so flows are north to south 
when wind is high and in the reverse direction 
when wind is low.” 

112 V.d.4 “All wind resources are 
currently in MISO 
Midwest, so flows are 
north to south when 
wind is high and in the 
reverse direction when 
wind is low.” 

ReliabilityFirst Commenter highlights “north to south” and 
comments: 
 
It would be helpful to indicate where this 
flow shift is being measured.  

Unfortunately, the cited report does not 
provide this information.  

113 V.d.4 First Paragraph Iowa Utilities 
Board 

The first paragraph in section V.d.4 states 
that increased wind output, among other 
things, serves to highlight the importance of 
increased resilience.  It could be noted that 
this might also highlight the need for a more 
diverse generation portfolio at a local or 
regional level. 

Sentence added at the end of first paragraph: 
“Similarly, these findings highlight the need for 
increased access to a more diverse 
generation portfolio, which can be achieved 
through additional interregional transmission 
interconnections.” 

114 V.f n/a Midwest 
Reliability 
Organization 

The majority of transmission investments 
occur within the planning authorities/RTOs 
footprint. Additional transmission capability 
is needed at the seams of RTOs to improve 
resilience. 

The following was added to section V.f: 
“Interregional transmission investments will 
help improve system resilience by enabling 
access to diverse generation resources 
across different climatic zones.” 
 
This point is further supported by the addition 
of findings from Goggin 2021 in this same 
section. 

115 V.f “Novacheck et al. 
(2021) demonstrate 
how transmission is 
needed for resilience 
during certain weather 
events” 

ReliabilityFirst There are many places weather is pointed 
out as being an issue for Transmission. 
Perhaps including more non-wire 
alternatives throughout would be helpful. 

While several of the studies referenced in this 
section were conduction considering wired 
transmission, the Department’s use of 
“transmission” is technology-agnostic, where 
practical. 
 
See resolution to comment 120. 

116 V.f “The authors explain 
that risks posed by 
regional icing and cold 
temperature 
shutdowns, although 
rare, can be mitigated 
by local gas generation 

Midwest 
Reliability 
Organization 

Should this be “and” or “or”? Either could be 
deployed independently to address 
resilience for icing or cold weather events. 
They could be deployed in combination as 
well but stating “and” here almost makes it 
seem like both are required to address 
resiliency, which isn’t the case. 

Revised to “...local gas generation dispatch 
and interregional transmission, either 
individually or in concert.” 



dispatch and 
interregional 
transmission.” 

117 V.f “Following disruptive 
events, high-voltage 
transmission lines help 
with restoration and 
recovery by serving 
power to black start 
units.” 

ReliabilityFirst High transmission lines typically deliver 
power from resources and Black Start Unit, 
not to them. Once there is enough 
generation up and running to handle the 
charging currents of the high voltage lines 
the islands that are formed are tied together 
with the high voltage lines. Consider 
rewording this. 

Sentence modified: “Following disruptive 
events, high-voltage transmission lines help 
with restoration and recovery by serving 
power from black start units once enough 
generation is operational.” 

118 V.f The Southeast region 
is impacted by 
tornados and severe 
thunderstorms that can 
damage the 
transmission system. 
More than 270,000 
customers suffered 
power outages in the 
Southeast due to the 
December 10, 2021 
tornados in Kentucky 
and Tennessee (NERC 
2022a). 

SERTP The Draft Study references the need for 
increased resilience due to hurricanes and 
tornados as a basis for the need for 
additional transmission in the Southeast. 
However, outages caused by these types of 
events are normally caused by damage to 
the distribution system, not the transmission 
system. Accordingly, the Draft Study 
statement that 270,000 customers in KY 
and TN suffered outages due to tornados 
and severe thunderstorms does not support 
DOE’s conclusions about transmission need 
in the Southeast because those customer 
outages, for the most part, were not 
attributable to transmission outages. While 
December 2021 had the most severe 
tornado on record for that area, the loss of 
power was mostly due to buildings (that use 
power) being destroyed and distribution 
level outages. Defining National 
Corridors/NEITCs and/or significant 
transmission expansions would not have 
prevented the customer outages cited in the 
Draft Study. 

Deleted two referenced sentences. The 
accompanying summary in the executive 
summary was also removed. 

119 V.f “In MISO’s 2020 State 
of the Market Report, 
Potomac Economics 
(2021b) reports that 
transmission issues 
arose due to 
generation and 
transmission outages 
and the impact of 
Hurricane Laura in 
MISO South. NERC 
(2022a) comments on 
the widespread 
outages in the Delta, 
Southeast, Texas, and 
Florida regions due to 
recent hurricanes, most 
notably Hurricane Ida 
in 2021. Laura 
damaged the Entergy 
transmission system 
and isolated load in 
southwestern Louisiana 
and the eastern parts 
of Texas that are in 
MISO South, forcing 
more than 6 GW of 

ReliabilityFirst
  

Recommend splitting this into two 
paragraphs, one for Hurricane Laura's 
impacts and one for Hurricane Ida's impacts 
(easy to get them mixed up because they 
are both described together) 

Revised to the following:  
 
“In MISO’s 2020 State of the Market Report, 
Potomac Economics (2021b) reports that 
transmission issues arose due to generation 
and transmission outages and the impact of 
Hurricane Laura in MISO South. Laura 
damaged the Entergy transmission system 
and isolated load in southwestern Louisiana 
and the eastern parts of Texas that are in 
MISO South, forcing more than 6 GW of 
generation out of service. More than 500 MW 
of firm load was curtailed as a result 
(Potomac Economics 2021b). 
 
“NERC (2022a) comments on the widespread 
outages in the Delta, Southeast, Texas, and 
Florida regions due to recent hurricanes, most 
notably Hurricane Ida in 2021. Over 1.2 
million customers lost power and over 210 
transmission lines were out of service due to 
Ida (NERC 2022a). The impacts of Hurricanes 
Laura and Ida emphasizes the importance of 
improving resilience and hardening 
transmission infrastructure.” 



generation out of 
service. More than 500 
MW of firm load was 
curtailed as a result 
(Potomac Economics 
2021b). Over 1.2 
million customers lost 
power and over 210 
transmission lines were 
out of service due to 
Ida (NERC 2022a). The 
impacts of Hurricanes 
Laura and Ida 
emphasizes the 
importance of 
improving resilience 
and hardening 
transmission 
infrastructure. “ 

120 V.h General comment. ReliabilityFirst
  

Some suggestions to add to this section as 
examples of non-wires alternatives: 
Transmission Connected Solar generation 
near the load center, and conventional 
generation with carbon capture located near 
the load centers also are non-wire 
alternatives. Smart Loads that refuse to run 
when transmission is constrained might be 
another non-wires solution. 

Added the following to the introduction of 
section V.h. to clarify:  
“Strategic planning to site storage and 
generation close to load centers could help 
mitigate need for traditional transmission 
wires. For example, distributed energy 
resources—and even conventional generation 
with carbon capture, use and sequestration 
technologies—could help meet demand 
locally. Demand response is another 
technology with the potential to limit electricity 
demand when transmission is constrained. 
Implementing these generation- and demand-
based solution would require careful planning 
from both utilities, and state and local officials 
to ensure resource adequacy and minimize 
risks.” 
 
Additionally, we added Section VI.a.2. 
“Treatment of non-wires alternative 
transmission solutions” to clarify how 
generation near load, energy storage, and 
DERs are all incorporated in the capacity 
expansion modeling results.  

121 V.h.1 n/a Midwest 
Reliability 
Organization 

Consider explaining how or why storage 
works well with variable generation and how 
the transmission grid optimizes operation of 
storage. 

The following sentence was added to section 
V.h.1: 
“Energy storage can serve as a grid asset to 
support higher degrees of variable energy on 
the system by shifting load across hours or 
days, smoothing seasonal peaks, and 
providing grid services.” 

122 V.h.2 n/a Midwest 
Reliability 
Organization 

What is the scope of DERs being discussed 
in this section? Is it inclusive of rooftop 
solar, utility scale solar? Consider defining 
what is included when referring to DERs. 

Added footnote: 
“While each study referenced here may have 
slightly different definitions, we define 
distributed energy resources here as any 
electricity generation resource connected to 
distribution system facilities with nominal 
ratings of less than 100 kV.” 

123 V.i “More specifically, 
increasing access to 
remote renewable 
resources could result 
in millions to trillions of 

ReliabilityFirst
  

Commenter highlights “millions to trillions” 
and comments: 
 
Recommend citing a specific source related 
to cost here. 

See resolution to comment 124. 



dollars in benefits from 
avoided health impacts, 
avoided climate 
damage costs, and 
general air quality 
improvements.” 

124 V.i “More specifically, 
increasing access to 
remote renewable 
resources could result 
in millions to trillions of 
dollars in benefits from 
avoided health impacts, 
avoided climate 
damage costs, and 
general air quality 
improvements.” 

Midwest 
Reliability 
Organization 

This is a very broad range. Suggest 
removing reference to dollar amounts with 
such a broad range. The sentence still gets 
the message across without the inclusion of 
a dollar amount.  

Revised Sentence: “More specifically, 
increasing access to remote renewable 
resources results in benefits from avoided 
health impacts, avoided climate damage 
costs, and general air quality improvements.” 

125 V.i “Similarly, new 
transmission can also 
support resource 
adequacy, as new lines 
enable more flexible 
generation sharing, 
reducing the need for 
new generation.” 

ReliabilityFirst
  

As mentioned above generation sharing is a 
great reliability tool, but also has it 
limitations. If this is too large of a value it 
could introduce a dependency reliability risk. 

See resolution to comment 28 

126 V.i “The reviewed 
literature, however, 
also identifies various 
challenges to meeting 
the transmission needs 
discussed above. 
Multiple studies specify 
siting of high-voltage 
lines as one major 
challenge, indicating 
that developers often 
must navigate multiple 
state processes and 
local and federal 
government 
requirements. Siting 
criteria differ across 
states and might be 
inconsistent. 
Additionally, 
developers face 
hurdles during the 
planning process, as 
projects must meet 
mandatory reliability 
standards, might need 
to demonstrate they 
meet benefit and cost 
thresholds, and might 
also have to meet 
various state policy 
goals. Conflicts also 
arise over cost 
allocation, as 
quantifying and 
determining who 

ReliabilityFirst
  

We recommend dedicating a whole section 
of the report to this issue, as it is a big 
hurdle.  
 

Created new section V.i. Barriers to 
Transmission Development to elaborate on 
various issues identified related to siting, 
permitting, and planning.  



receives the benefits is 
especially challenging.” 

127 VI General comment. ISO-NE Section VI is based on the same capacity 
expansion model used in the National 
Transmission Planning Study. It is 
premature to state that future transmission 
is “needed” before the NTPS is complete, 
and it would make more sense for the 
National Transmission Needs Study to 
incorporate the conclusions of the NTPS 
only after that study is complete and widely 
accepted. 

See resolution to comment 17 

128 VI stating that the results 
of industry-led studies 
“are not included in this 
analysis 

SERTP At a high level, the SERTP Sponsors 
recommend that DOE make greater 
utilization of NERC-registered transmission 
planners and transmission owners that have 
the actual “duties to serve” and 
corresponding legal obligations to expand 
their respective transmission systems in an 
economic and reliable manner to meet the 
needs of their customers. In this regard, the 
SERTP Sponsors have concerns about the 
decision to rely solely on capacity modeling 
studies that use abstracted, generalized 
assumptions, disregarding industry-led 
regional studies based on actual operation 
of the grid. The Draft Study also relies 
heavily on existing studies performed by 
consultants, who are often funded by certain 
market participants. To better ground the 
study through the use of actual electric 
system forecasts, data, and established 
practices, the SERTP Sponsors recommend 
a higher utilization of the expertise afforded 
by the Eastern Interconnection Planning 
Collaborative (“EIPC”). The EIPC performs 
coordinated transmission planning among 
the transmission planners in the Eastern 
Interconnection, including both RTOs/ISOs 
and non-RTO/ISO transmission planners, 
and increased coordination with the EIPC 
would provide a more reliable study 
informed by transmission planners who 
have the needed experiential perspectives 
on the needs of the grid. 

The National Transmission Needs Study is 
not meant to displace the transmission 
reliability or planning responsibilities of these 
entities. See resolution to comments 3, 7 and 
74. 

129 VI n/a SERTP In reaching the Draft Study’s conclusions in 
section VI, DOE utilizes NREL’s ReEDS 
model. This model and software were 
developed by NREL for their own use, and 
is self-described as subject to 
misconstruction. Per NREL’s website 
describing ReEDS: “ReEDS is a large, 
complex optimization model with many 
inputs, outputs, variables, and constraints. 
Understanding and appropriately using the 
model may take time and require some 
knowledge of optimization modeling. A 
typical model run includes hundreds of 
thousands or millions of variables and 
constraints and produces millions of 
outputs. Because of this complexity and 
size, it can be easy to misinterpret results or 

The engineering modeling done by 
transmission planners and the reliability 
organizations is critical to the safe operation 
of the power grid. The analysis presented in 
this chapter is not meant to replace those 
important industry studies. 
 
See resolution to comments 3, 17, and 74 



to ascribe more accuracy to certain model 
results than is merited.” 
…DOE has apparently selected studies that 
employ load forecasts that are speculative 
in nature. In this regard, the Draft Study 
itself recognizes that “industry-led studies 
tend to be less speculative about the 
characteristics of the future power system” 
but as noted above, specifically chose not to 
include these less speculative, industry-led 
studies. 

130 VI.a “These laws will have 
dramatic impacts on 
future generation and 
demand that were not 
modeled among the 
“existing policy” 
scenarios presented 
here.” 

ReliabilityFirst
  

Redline change to beginning of sentence: 
 
It is anticipated that these laws will have… 
 

Revised to “It is anticipated that these laws 
will have…” 

131 VI.b Footnote 39 ReliabilityFirst
  

Commenter highlights the NREL study and 
comments: 
 
Did this analysis include power flow and 
stability analysis? Recommend looking at 
the overall impact of the additions 
considered and ensuring that these 
additions under contingency analysis do not 
create more issues across the systems(s). 

GDO agrees that important engineering 
modeling is required following capacity 
expansion modeling to ensure safe operation 
of the grid. These modeling efforts are outside 
the scope of the analysis presented in this 
section. 
 
See resolution to comments 3 and 17. 

132 VI.c “Increased transfer 
capability (sometimes 
referred to transfer 
capacity) has many 
benefits: regional grid 
reliability is 
strengthened by the 
diversity of generation 
provided by 
interregional transfers, 
regions need to import 
electricity when they 
cannot meet growing 
demand with local 
generation or when the 
combination of remote 
generation and 
interregional 
transmission has lower 
overall system costs 
than local generation, 
or a combination of 
these.” 

SERTP The Draft Study states that transfer 
capability is sometimes referred to as 
transfer capacity. These are two very 
different concepts. Per the NERC Glossary 
of Terms, total transfer capability is the 
amount of electric power that can be moved 
or transferred reliably from one area to 
another area of the interconnected 
transmission systems by way of all 
transmission lines (or paths) between those 
areas under specified system conditions. 
Capability refers to the ability to transfer 
power without causing facility overloads 
under contingency. Capacity normally refers 
to the sum of the thermal ratings of the 
transmission tie lines between two entities. 
While indicative of the robustness of the 
interconnection, use of the term capacity 
fails to include constraints that are not tie 
lines. The terms capability and capacity, 
thus, are not interchangeable. 

The definition of transfer capability from EIA’s 
Glossary of Terms (2022) is “the overall 
capacity of interregional or international power 
lines, together with the associated electrical 
system facilities, to transfer power and energy 
from one electrical system to another.” Our 
use of this definition was footnoted in the 
highlighted sentence. We recognize this 
definition conflicts with NERC’s. 
 
Given the structure of the models, the 
capacity expansion models used here are not 
able to run the analysis needed to quantify 
transfer capability as defined by NERC.  
 
To align with NERC’s definition, we switch all 
references to “capability” in this section to 
“capacity.”  
 
We remove the footnote which references 
EIA’s definition of transfer capability. 
 
Additionally, the following footnotes were 
added to section III.d.: 
“Transfer capability is defined in NERC 
(2022b) as “The measure of the ability of 
interconnected electric systems to move or 
transfer power in a reliable manner from one 
area to another over all transmission lines (or 
paths) between those areas under specified 
system conditions.”  
 
“Transfer capacity also does not have an 
industry standard definition but does 



commonly refer to the sum of thermal limits of 
all transmission tie lines between two 
regions.” 

133 VI.c Table VI-3 ReliabilityFirst
  

It would be helpful to include the direction, 
whether these are incremental or total 
values, whether it is with all facilities in 
service, and the first contingency values. 
Additional items that would be helpful: are 
the values based solely on thermal ratings 
or something more? Did each of the studies 
that are being averaged together do the 
calculations on the same basis and same 
assumptions?  

The following was added to Section VI.b 
ahead of this table: 
“The values represent the cumulative new 
transmission—calculated as nominal carrying 
capacity—deployed by the stated year, less 
the modeled 2020 system.” 
 
The following was added to the introductory 
material of Section VI: 
“Once future power system scenarios and 
input modeling assumptions have been 
established, capacity expansion models make 
generation, storage, and transmission 
investment decisions by optimizing for the 
lowest capital and operations costs, system 
wide. In finding this cost-optimal capacity mix, 
the models do consider hourly energy 
dispatch constraints and some essential grid 
reliability services—such as resource 
adequacy. The models will optimize around all 
possible technology combinations and choose 
the least expensive solutions in each 
geographic zone. The resulting transmission 
needs for each region given the most cost-
optimal solutions found for all scenarios are 
presented here.” 
 
Other characteristics about how each study 
models the transmission system is available 
in the Supplemental Material. We add a note 
to point the reader there by adding the 
following to section VI.a: 
“Table VI 1 summarizes the six studies 
discussed here at a high level; a more 
detailed summary of and the specific 
treatment of transmission in each study can 
be found in the Supplemental Material.”  

134 VI.d General comment. ReliabilityFirst
  

Would a paragraph about needing State 
Department approval of international 
transmission expansion adds to the 
complexity of getting such projects 
approved, and in service?  

Please see resolution to comment 126. 

135 VI.d “Appreciable transfer 
capacities between 
Canada and New York 
and New England do 
not arise until 2040 in 
Brinkman et al. (2021).” 

ReliabilityFirst
  

Commenter strikes extra “s” in the word 
“capacities.” Commenter also highlights 
“Appreciable transfer capacities” and 
comments: 
 
The table below says that they are 
international transfer capacities, so suggest 
adding that word here. 

Revised to “Appreciable international transfer 
capacities...” 

136 VI.d [Tabl VI-4 row 10] NESCOE Gov 
Offices 

Finally, NESCOE notes that the draft NTS 
indicates a modest need for increased 
international transmission between New 
England and Québec. Other studies, 
however, indicate that the draft NTS may 
underestimate possible future needs for 
such increased transmission capacity. For 
example, ISO-NE’s recent Future Grid 
Reliability Study found unlimited 

This study been incorporated into Sections V 
and VI. 
 
The following was added to the Executive 
Summary: 
“Increase transfer capacity with Canada to 
meet future load and generation growth. 
• Increased transfer capacity between New 
England and Canada will enable bidirectional 



bidirectional flows between ISO-NE and 
Québec “eliminated any curtailment of New 
England renewables and imports on existing 
tie-lines and [the New England Clean 
Energy Connect] while significantly 
decreasing natural gas production and 
emissions.” In that study, the flows 
exceeded 10,700  
MW.  
 
Similarly, regional analysis conducted for a 
Massachusetts study found that an 
additional 4.1 to 7.1 gigawatts of capacity 
between Québec and New England would 
be required. While the estimates range 
across different studies using different 
assumptions and modeling tools, together 
they indicate that the estimates in the draft 
NTS may be low. 
 
Evolved Energy Research, Energy 
Pathways to Deep Decarbonization: A 
Technical Report of the 
Massachusetts 2050 Decarbonization 
Roadmap Study (Dec. 2020), at 64, at. 

flow of hydropower, wind, and solar 
generation between the regions, helping to 
meet State clean energy targets.” 
 
The following was added to Section V.c: 
“Dimanchev et al. (2020) note that meeting 
existing state climate policy targets in New 
York and New England will likely require the 
nearly complete decarbonization of electricity 
generation. To that end, consideration is 
being given to expanding imports of 
hydropower from neighboring Québec, 
Canada. In a low-carbon future, it is optimal to 
shift the utilization of the existing hydrodower 
and transmission assets away from facilitating 
one-way export of electricity from Canada to 
the U.S. and toward a two-way trading of 
electricity to balance intermittent U.S. wind 
and solar generation (Dimanchev et al., 
2020). They find doing so can reduce power 
system cost by 5-6% depending on the level 
of decarbonization. The cost-optimal use of 
Canadian hydropower is as a complement, 
rather than a substitute, to deploying low-
carbon technologies in the U.S. Expanding 
transmission capacity enables greater 
utilization of existing hydropower reservoirs as 
a balancing resource, which facilitates a 
greater and more efficient use of wind and 
solar energy.  
 
Jones et al. (2020) similarly note in a regional 
analysis conducted for a Massachusetts study 
that Canadian hydropower is an essential 
element of regional balancing. In their study, 
bidirectional flow of electricity enabled the 
Québec hydropower system to transition into 
the role of a ‘battery’ storing excess wind and 
solar generation for the New England region. 
The use of hydropower system as storage 
depends on the timing of renewable 
production and demand on both sides of the 
U.S.-Canada border (Jones, et al., 2020). 
Total net-imports into Massachusetts from 
Québec declined after 2035 in the analysis. 
The study estimates that an additional 4.1 to 
7.1 GW of new transmission capacity 
between Québec and New England would be 
required.” 
 
The following was added to Section VI.d: 
“Several external studies considered the need 
for increased imports from Canada into the 
New England region given higher 
decarbonization scenarios than those 
considered in Brinkman et al. (2021). 
Dimanchev et al. (2020) found increased 
imports of hydropower into New England from 
neighboring Québec would complement, 
rather than substitute, deploying low-carbon 
technologies in the U.S. Jones et al. (2020) 
similarly identify Canadian hydropower as an 



essential element of regional energy 
balancing in New England. The study 
estimates that an additional 4.1 to 7.1 
gigawatts of capacity between Québec and 
New England would be required to meet 
existing state clean energy targets.”  

137 VI.d General comment. ISO-NE The study does not include any additional 
ties between Canada and New England until 
2040 (and only 210 MW in 2040, Table VI-4, 
pg.90). Some of the New England states 
have included new transmission 
connections with Canada to import clean 
energy as a part of their plan to decarbonize 
their energy supply. Failure to include these 
lines can have a significant effect on the 
needed interregional transfers between New 
York and New England. Although the last 
paragraph on pg. 89 states that additional 
international transfers may reduce the need 
for New York – New England transfers, 
readers will likely focus on the 3-6 GW value 
throughout the report and not factor in this 
comment. 

See resolution to comment 136 

138 VI.e “Shown in this Needs 
Study, all combinations 
of new generation will 
require increased 
transmission 
deployment to bring 
new generation to 
market, but to differing 
degrees.” 

ReliabilityFirst
  

Commenter highlights “all combinations” 
and comments: 
 
Nuclear at existing coal and gas generation 
sites may be an exception to this "all" 
statement. Also, if DER and microgrids win 
the cost battle, they also may require no 
new transmission. 

We leave this statement unchanged. 
 
The capacity expansion models found new 
transmission was needed even with high 
levels of DERs and large advances in nuclear 
technologies. Many of the model scenarios—
notably those from the NREL studies—did 
continue to deploy natural gas solutions with 
CCS technologies. No studies found 
continued deployment of coal into the future. 
 
For a description of DER considerations 
among the scenarios, please see the newly 
added Section VI.a.2.  
 
For a description of the generation 
technologies considered among all capacity 
expansion studies, please refer to the 
reference model documentation. 

139 VI.e “Regions with the most 
cost-effective 
transmission growth 
are those in the middle 
of the country, 
including the Texas, 
Mountain, Plains, and 
Midwest regions.” 

ReliabilityFirst
  

Redline addition: 
 
“Regions with the need for the most cost-
effective transmission growth are those in 
the middle of the country, including the 
Texas, Mountain, Plains, and Midwest 
regions.” 

Revised to “Regions in greatest need of cost-
effective transmission...” 

140 VI.e “Transfer capacities 
between regions 
remain low under these 
moderate scenario 
conditions, needing to 
grow 5 percent in 2030 
(median 5.5 GW) and 
40 percent in 2040 
(median 41 GW).” 

ReliabilityFirst Redline addition: 
 
“Transfer capacities needs between regions 
remain low under these moderate scenario 
conditions, needing to grow 5 percent in 
2030 (median 5.5 GW) and 40 percent in 
2040 (median 41 GW).” 

Revised to “Transfer capacity needs 
between…” 

141 VI.e “Regions with the most 
transmission growth 
are the Southeast, 

ReliabilityFirst Redline addition: 
 

Revised to “Regions in greatest need of 
transmission growth...” 



Texas, Plains, and 
Midwest.” 

Regions with the need for the most 
transmission growth are the Southeast, 
Texas, Plains, and Midwest. 

142 VI.e ”Large amounts of low-
cost clean generation 
exist in the middle of 
the country and 
accessing this 
generation through 
increased transmission 
is cost effective for 
neighboring regions.” 

ReliabilityFirst Is this referring to existing or planned 
generation? 

This is meant to refer to generation potential, 
whether planned or currently unplanned. 
 
Sentence was modified to read “…generation 
potential…”. 

143 VI.e “Transmission growth 
is even more ambitious 
in future scenarios that 
have high load and 
high clean energy 
assumptions.” 

ReliabilityFirst Redline addition: 
 
The need for transmission growth… 

Revised to “The need for transmission growth 
is even greater in future scenarios...” 

144 n/a n/a New England 
States 
Committee on 
Electricity 
(NESCOE) 

ISO New England (ISO-NE) is currently 
working on the 2050 Transmission Study, 
initiated in response to the states’ request 
for more visibility into longer-term system 
needs that account for the states’ clean 
energy laws and mandates. The 2050 
Transmission Study uses state-provided 
assumptions on load and resource mix to 
provide visibility into potential transmission 
needs to 
reliably meet demand in the 2035, 2040 and 
2050 timeframes. The study will also 
consider possible solutions to address 
potential needs and provide transmission 
upgrade “roadmaps” that consider both 
constructability and cost. 
… 
Going forward, the Department should 
include the 2050 Transmission Study and 
subsequent ISO-NE studies under this 
provision of the tariff in its work to identify 
anticipated transmission capacity needs. 

Thank you for this information. GDO looks 
forward to seeing the results and 
incorporating them into a future iteration of the 
Needs Study. 

145 n/a n/a ERCOT more connections would make ERCOT 
more susceptible to fast events like the 
January 2019 Eastern Interconnection 
event, which arguably put the entire Eastern 
Interconnection on the brink of a collapse. 
DOE should address these risks in the 
study. 

See resolution to comment 28 

146 n/a n/a ERCOT The study should consider that Texas has 
already built more transmission than other 
regions. 

Added the following to Section IV.a in 
reference to Fig. IV-1: 
“Texas (ERCOT) built more transmission 
circuit miles than any other region in the first 
half of the decade.” 

147 n/a n/a SERTP DOE has expanded the scope of its studies 
from the statutorily mandated “transmission 
capacity constraints and congestion” 
analysis to one that is more akin to a future 
generation/resource study. In doing so, 
DOE intrudes into resource planning 
activities that extend well beyond the scope 
authorized by FPA section 216. the Draft 
Study could unlawfully open the way for 
FERC to authorize transmission projects 

Please see the resolution to comment 7 
where “transmission need” is redefined and 
authority under Section 216 is clarified. 



predicated upon resource decisions made 
by the federal government (not the states, 
as prescribed in the FPA). Therefore, we 
recommend that DOE continue to perform a 
transmission assessment and not an 
expansive future generation study 
predicated upon theoretical resource 
assumptions. We further suggest that the 
accuracy of such transmission studies 
would be improved if DOE were to 
coordinate more closely with North 
American Electric Reliability Corporation-
(“NERC”) registered transmission planners 
and transmission owners. In the alternative, 
DOE should clarify that the Draft Study is 
not for FPA section 216 purposes and 
provide further explanations of the Draft 
Study’s scope. 

148 n/a October 25 Needs 
Study Webinar Slide 8  

SERTP DOE broadly defines a transmission need to 
be...an upgrade to or a new transmission 
facility—including non-wire alternatives—
that would optimally be built to... 
-improve reliability and resilience of the 
power system; 
-alleviate transmission congestion on an 
annual basis;�alleviate transmission 
congestion during real-time operations; 
-alleviate power transfer capacity limits 
between neighboring regions; 
-deliver new, cost-effective generation to 
high-priced demand; and 
-to meet projected future generation, 
electricity demand, or reliability 
requirements. 
The last three criteria bolded above were 
not within the scope of the DOE’s 2020 
triennial transmission congestion study, 
which defined “transmission constraint and 
congestion” to consist of essentially the first 
three criteria quoted above. The new criteria 
have apparently been added to the scope of 
the Draft Study based upon Congress’ 
recent addition of the term “capacity” before 
the word “constraint” in FPA section 
216(a)(1). The addition of this word 
“capacity” apparently is being used to 
expand the scope of the Draft Study from 
being focused on transmission matters (i.e., 
the first three criteria quoted above) to also 
encompass resource/generation/IRP 
planning matters (i.e., the last three criteria 
quoted above).Indeed, a review of the Draft 
Study establishes that it primarily concerns 
DOE’s projection of the addition of 
significant amounts of renewable 
generation.14Then, having assumed certain 
levels of specified generation resources 
based upon certain modeling scenarios, the 
Draft Study concludes, without any real 
explanation, that huge amounts (i.e., 
gigawatts) of additional transmission 
capacity are needed within and between 

Please see the resolution to comment 7 
where “transmission need” is redefined and 
authority under Section 216 is clarified. 



essentially all transmission planning 
regions. 
… 
Rather than DOE independently performing 
such de facto resource/generation/IRP 
planning, DOE should coordinate with 
NERC-registered transmission planners and 
transmission owners to utilize their load and 
supply-side and demand-side forecasts that 
incorporate the results of state-regulated 
IRP and resource procurement processes. 
This approach would allow for an accurate 
assessment of “electric transmission 
capacity constraints and congestion” in 
accordance with FPA section 216 as well as 
being consistent with the overall structure of 
the FPA. Further, the Draft Study 
incorporates studies that are predicated 
upon very aggressive clean energy and 
renewables assumptions that are not tied to 
federal mandates. With the Draft Study’s 
resource forecasts predicated upon neither 
state-regulated forecasts nor federal 
mandates, the basis upon which DOE is 
incorporating such assumptions is unclear. 
Instead of DOE independently making such 
determinations, the better approach would 
be for DOE to use the “projected future 
generation, electricity demand, or reliability 
requirements” determined to be appropriate 
for transmission planning purposes by 
NERC-registered transmission planners and 
transmission owners–those having the 
responsibilities under FPA section 215 to do 
so–and which incorporate the results of 
state-regulated IRP and resource 
procurement processes.  

149 n/a n/a SERTP The studies utilized by DOE predominantly 
use a zonal model. Compared to a nodal 
model, the use of a zonal model greatly 
underestimates the required transmission 
buildout that would be necessary. This 
characteristic means that the transmission 
build-out to support the Draft Study’s 
increased inter-regional transfer capability is 
likely significantly underestimated 

The following was added to the introductory 
paragraphs of Section VI: 
“Additionally, any one of these transmission 
additions may require associated system 
upgrades to support increased energy 
transfers and, as such, the zonal estimates 
reported here may underestimate total 
required system builds.” 
 
Likewise, see resolution to comment 3. 

150 n/a n/a SERTP If a transmission needs study is to be 
performed, specific transmission planning 
studies to assess transmission expansion 
should be performed and not derived from a 
conglomeration of different types of studies. 
EIPC has begun discussing the preparation 
of a combined Eastern Interconnect study 
that will assess expected renewable 
generation and synchronous generation 
retirements as well as incorporating climate 
change transfer capability needs. This 
process includes: 
-building eastern interconnect models which 
include renewable generation in expected 
rural areas 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. See 
resolution to comments 3, 7, 74, and 106. 



-modeling expected synchronous generation 
retirements �identifying extreme weather 
events 
-forecasting generation requirements in 
areas experiencing the extreme weather 
event 
-modeling transfers of power from areas not 
experiencing the SAME weather event to 
the areas experiencing the SAME extreme 
weather event; this step identifies the 
required transfer capability for extreme 
weather 
 -identifying transmission constraints 
resulting from modeling the required 
transmission transfer capability 
requirements 
-identifying transmission needs to mitigate 
the transmission constraints which includes 
non-wires solutions where appropriate 
SERTP respectfully submits that this type of 
specific, engineering-based study, rather 
than an abstracted, aggregated meta-study, 
is more appropriate to determine 
transmission needs. 

151 n/a n/a CT Energy 
Office 

I think a couple of caveats early on in the 
document would be helpful. For example, in 
the Executive Summary, the draft refers to 
the need for increased transfer capability 
between NYISO and ISO-NE between 1.6 
and 3.4 GW by 2035 but no mention is 
made about increased capacity to Quebec 
when New England already has two links to 
Quebec and two to New Brunswick that 
typically account for about 10-12% of our 
load. There are two potential new HVDC 
lines to Quebec (Clean Energy Link and 
NECEC) that would have a significant 
impact on the region and it looks a little odd 
(to New Englanders at least) that increased 
ties to Canada are not mentioned. You do 
have a brief comment on page 89 that the 
“U.S. regional transfers . . . did not consider 
growth in international transfers….” Just 
thinking that putting up front that this study 
is focused on U.S. regional transfers would 
address the issue which was the first 
question I asked myself when I read the 
Summary.  
 
Also, I read section VI.d to mean that if 
there were increased ties to Canada, that 
would reduce the NYISO-ISO-NE ties by an 
equivalent amount.  
 
Finally, staff here in CT has been looking at 
interregional ties to NYISO and PJM and 
has even talked to at least one staff in PJM 
about this. NY has a project (Beacon Wind) 
in the MA leasehold. CT and MA have 
projects in the same leasehold and the 
HVDC converters will all be reasonably 
close to each other. Meshing between the 

Regarding international transfers between 
New England and Canada, please see 
resolution to comment 136. 
 
You’re reading of section IV.d. is correct. The 
following is already included in that section: 
“The U.S. regional transfer results include 
scenarios from the studies that did not 
consider growth in international transfers, 
putting increased reliance on the national 
transfers between regions that cannot 
otherwise share with their international 
neighbors. That national transfers might 
decrease commensurate with increased 
international transfers for a particular region is 
a reasonable expectation, all other resource 
operating characteristics on balance.” 
 
The following was added to section VI.c to 
address additional offshore transfers: 
“There may be some links between regions 
absent from this table if they were not 
considered by the modelers. For example, 
transfers between the Texas and Delta 
regions were only considered by Brown and 
Botterud (2020) and therefore do not show up 
for all years. The potential creation of a 
submerged transmission system to support 
Atlantic offshore wind generation may allow 
the New England and Mid-Atlantic regions to 
share direct transfers without needing to 
transfer through the terrestrial New York 
system.” 



Beacon Wind and Vineyard Wind and Park 
City Wind will allow for interregional 
transfers. But it is possible that NY and NJ 
may have converters in proximity to each 
other in the leases south of NY. If these 
were meshed it is possible to shift power 
from NJ to Boston. 

152 n/a n/a CT Energy 
Office 

…the draft mentions some of the issues with 
the constraints between Maine and the rest 
of New England. I note that there has been 
a recently approved 345 kV line from 
northern Maine bringing 1200 MW of 
onshore wind into the ISO-NE grid. Whether 
it gets funded and built is still up in the air 
and I also think that it should be considered 
an interregional transmission line because 
that portion of Maine (about 10,000 sq. 
miles) is actually part of the New Brunswick 
control center and they will have to pay a 
through and out transmission (TOUT) tariff 
to bring the power into ISO-NE. 

DOE appreciates that transmission projects 
currently under development will address 
some of the needs identified in the Study. 
Without insight into all projects currently under 
development and how they may address 
these needs, we are declining to identify 
specific projects in the Study. We hope the 
Study will help industry prioritize solutions to 
the identified Needs.  

153 n/a n/a Virginia DOE Virginia Energy does have concerns that the 
Needs Study limits consideration of future 
scenarios as the content of the study relies 
mostly on references that focus on specific 
renewable technologies and 
decarbonization scenarios. Virginia 
encourages flexibility in the transmission 
planning process, one that incorporates 
innovation and presents considerations for a 
broad mix of clean energy technologies 
noticeably absent in the Draft…..Virginia 
Energy is concerned that while prescribing 
no particular solution, the Draft presents 
solutions that indeed focus on particular 
technology solutions. Furthermore, the Draft 
suggests large-scale transmission solutions 
that overlook other options such as non-
wires alternatives. Distributed generation 
options are referenced but do not feature in 
the regional summaries and offer targeted 
solutions that will increase both reliability 
and resiliency. The proposed solutions 
otherwise require large-scale transmission 
projects burdened by increasingly 
challenging siting, permitting, and cost 
issues. Increasing baseload resources in or 
near transmission constrained areas will 
avoid the cost and reliability issues 
associated with long-range dispatch of what 
mostly amounts to intermittent power….For 
the Needs Study, Virginia recommends that 
DOE identifies or performs additional 
research that can examine a wider range of 
scenarios, including increased analysis of 
the threats to reliability posed by a high-
level of intermittent generation in the energy 
stack and the risk of needs changing as new 
technologies emerge and become 
commercially viable. The latter issue 
presents the risk of stranded assets and 
other inefficiencies if the grid is upgraded 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. 
Regarding the role of transmission planners 
and how the analysis in this study differs from 
those activities, please see the resolutions to 
comments 3, 7, 11, 17, and 74. 
 
Regarding challenges to permitting and siting, 
please see resolution to comment 126. 
 
We added Section VI.a.2. “Treatment of non-
wire alternative transmission solutions” to 
clarify how generation near load, energy 
storage, and DERs are all incorporated in the 
capacity expansion modeling results.  



based on an overly rigid expectation of 
future generation. This would be magnified if 
newer technologies render selected 
generation technologies obsolete. 

154 n/a n/a Electric 
Reliability 
Council of 
Texas, Inc. 
(ERCOT) 

Under established planning principles, a 
transmission project proposed under 
economic planning criteria may be justified 
only if the estimated benefits of the project 
exceed a measure of its estimated costs. If 
a project’s benefits don’t exceed that 
measure, the project cannot be justified 
under economic criteria. The draft study 
identifies substantial economic benefits of a 
number of new transmission facilities across 
the country, and in particular, projects 
linking Texas to the western United States 
and the “Plains” region. However, ERCOT 
has noted that the study does not address 
the cost of these projects, which in many 
cases is likely to be very substantial, given 
the contemplated scale. ERCOT therefore 
recommends that the DOE provide a more 
robust cost-benefit analysis with estimates 
of project costs so that the net benefit of 
these additions can be understood. Without 
such an analysis, ERCOT questions 
whether the study can establish an  
independent economic “need.” 
 
In evaluating project costs, DOE should 
consider that adding substantial capacity 
between ERCOT and other regions (such as 
the 9.8 GW [median] recommended for 
connecting ERCOT to the Plains region by 
20352) would require a number of new 
separate transmission lines, each limited to 
approximately 1.5 GW. This is because 
relying on a single point of interconnection 
to provide this transfer capability would 
result in a material increase in ERCOT’s 
single largest contingency, which would in 
turn require a substantial increase in 
ERCOT’s costs of ancillary services to 
counter the operational risk of losing the 
facility while it is importing or exporting. The 
costs of building these separate points of 
interconnection should be considered. 
… 
In addition to the costs of the identified 
transmission facilities, DOE’s assessment 
should include consideration of other costs 
attributable to the proposed changes to the 
grid, which would include the following: 
• Additional transmission upgrades that may 
be needed to ensure sufficient grid strength 
and inertia  
• Changes in dispatch costs due to 
retirements of older or less efficient 
generation caused by the increased transfer 
capability 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. See 
resolution to comments 3, 7, 74, and 106. 



• Changes the increased transfer capability 
will have on the regional dispatch costs due 
to intermittency of renewable resources 
• Changes to operating reserve 
requirements due to increased reliance on 
intermittent resources 
• Potential changes to existing market 
designs and Texas state rules to manage 
interregional transfer 

155 n/a n/a PJM Although reference to prior analyses are 
helpful background, in PJM’s view the study 
should be enhanced and revised by utilizing 
a more region-specific approach taking into 
account the notable changes in 
transmission topology, interconnection 
requests, changing public policies and 
demands on the grid that have occurred 
since the last congestion study in each of 
the regions that make up the Eastern and 
Western Interconnections. In that way, the 
study would have provided an appropriate 
update to the prior analyses of congestion 
and renewable deployment given all of the 
changes that have occurred since the 2006 
and 2009 analyses. PJM recognizes that 
this is a considerable task and stands ready 
to assist the DOE in that effort. However, in 
reviewing the draft, it is hard to find the 
specific analysis that supports the study’s 
findings—an issue that could provide grist 
for later legal challenges to the Secretary’s 
actions that are being taken in reliance upon 
the study. 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. See 
resolution to comments 3, 7, and 74. 

156 n/a n/a PJM PJM cautions against approaching this 
analysis based on a ‘top down’ analysis 
based on what appears to be an attempt at 
optimizing the deployment of renewables 
across the nation. The planning process is 
and always has been more of a ‘bottom up’ 
exercise…an approach which would start 
with consultation on each region’s needs 
and exploration of the potential interregional 
solutions that would help meet the needs of 
that region and its neighbors would be a 
more realistic and actionable step that 
would complement rather than potentially 
conflict with today’s fundamental planning 
approach. PJM stands ready to work with 
the authors on such an in-depth review and 
discussion in any future iterations of this 
report. 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. See 
resolution to comments 3, 7, and 74. 

157 n/a n/a PJM Although the report makes certain 
conclusions about the need for increased 
interregional transfer capability, it is difficult 
to determine from the draft the basis for 
those conclusions other than if one 
approaches the matter starting with a top-
down nationwide optimization of the 
placement of renewable generation. 
However, since such an approach is plainly 
not consistent with either the applicable law 
or regulations at the state and federal level, 

Thank you for your comments. The National 
Transmission Needs Study is not meant to 
displace the transmission reliability or 
planning responsibilities of these entities. See 
resolution to comments 3, 7, and 74. 



it will become difficult for the DOE to use the 
draft’s findings concerning the level of 
needed interregional transfer capability as a 
basis for the designation of transmission 
corridors or investment of DOE funds. A 
more complementary approach which works 
with today’s planning approaches is needed 
in this area. 
 
The EIPC has recently talked with FERC 
Staff on undertaking a more specific 
analysis of Interregional Transfer Capability. 
In its Comments to the FERC NOPR, PJM 
proposed a phased process that would start 
with transmission planners, working with the 
labs, NERC and FERC to first develop 
common metrics and measurements to 
determine the appropriate level of 
interregional transfer capability and then 
setting up a process for each region to apply 
those metrics across its seams within the 
Eastern Interconnection to determine 
whether incremental transfer capability is 
needed across a particular seam to manage 
widespread disruptive events, such as 
widespread extreme temperatures or 
physical or cyberattacks on infrastructure. 
PJM would welcome the lab’s involvement 
in that effort and has actually made that 
request to FERC in the context of its 
Transmission Planning NOPR Docket No. 
RM21-17-000. 

158 n/a n/a PJM The draft Report argues that the lack of 
transmission capability is the primary cause 
of the delay in integrating lower emitting 
resources. PJM respectfully submits that 
this conclusion is entirely too sweeping and 
conclusory. Any future draft should 
recognize other extremely relevant factors 
including: 
 
ØPermitting challenges both for renewable 
resources and transmission; 
 
ØDelays by developers in deploying 
renewable resources… 
 
…In short, the planning process has kept up 
with the needs while planners and 
developers have run into problems in 
effectuating those plans through the siting 
process. This should be noted in the draft 
rather than the delays in renewable 
deployment being solely attributed to 
interconnection queue delays. 

Regarding delays met by generation 
developers please see resolution to comment 
71. 
 
Regarding challenges to transmission 
permitting and siting, please see resolution to 
comment 126. 
 

159 n/a n/a Ho-Chunk* 
 

Requesting general information about 
Needs study. 
 

No changes needed 

160 n/a n/a Ahtna* 
 

Requesting general information about 
Needs study. Notes that Alaska has a huge 
transmission need. 
 

GDO appreciates that Alaska has unique 
electricity concerns. The Needs Study only 
considers the bulk transmission system in the 
contiguous U.S., and thus Alaska (and island 



States and territories) are not considered 
here. 

161 n/a n/a Choctaw 
Nation* 
 

Seeking additional information about Needs 
study and what it will entail. Nation aspires 
to work with state and local partners to 
upgrade transmission lines throughout our 
reservation. 

No changes needed 

162 n/a n/a Pilar Thomas, 
Quarles & 
Brady* 

Suggest that more resources related to 
energy development and transmission on 
tribal lands be included in the study. 
Suggest that maps of the transmission 
system overlaid with tribal lands would be 
very useful. 

Added section V.c.2 Clean Energy on Tribal 
Lands which includes two studies reviewing 
clean energy development on tribal lands: 
Milbrandt et al. (2018) and Brooks (2022). 
Also included example maps of the 
Geospatial Energy Mapper tool showing the 
transmission system on two tribal territories. 
These two Tribes were chosen as examples 
given their geographic diversity and 
differences in transmission coverage within 
each territory, but the tool includes the entire 
contiguous U.S. 

163 n/a n/a SC Office of 
Regulatory 
Staff* 

Curious about how increased transfer 
capabilities were calculated and what that 
means for South Carolina. 

No changes needed 

164 n/a n/a SC Office of 
Regulatory 
Staff* 

General questions about process for 
designating NIETCs and providing funding 
to developers or state for development 
within corridor. Questions included 
hypotheticals for designating NIETCs and 
about various DOE funding programs. 

No changes needed 

165 n/a n/a SC Office of 
Regulatory 
Staff* 

Questions about how this relates to NTP 
Study. 

See resolution to comment 17 

166 n/a n/a CT Energy 
Office* 
 

Concerns about interregional transfer 
between NY and New England shown and 
not New England and Canada. Note there is 
no place to put new transfers with NY. Note 
a need for Canadian Hydro to balance OSW 
energy. 

See resolution to comment 136 

167 n/a n/a CT Energy 
Office* 

Also considering direct links between New 
England and Mid-Atlantic offshore, skipping 
NY entirely. 

See resolution to comment 151 

168 n/a n/a CT Energy 
Office* 
 

New line just approved entirely within ME, 
but it connects Canadian grid to ISO-NE. 
Suggest considering the addition of this line 
to the Study. 
 

DOE appreciates that transmission projects 
currently under development will address 
some of the needs identified in the Study. 
Without insight into all projects currently under 
development and how they may address 
these needs, we are declining to identify 
specific projects in the Study. We hope the 
Study will help industry prioritize solutions to 
the identified Needs. 

169 n/a n/a Oregon DOE* 
 

General review of Northwest results 
 

No changes needed 

170 n/a n/a Oregon DOE* 
 

Note the high/high scenario group in Section 
VI better aligns with Oregon State clean 
energy and electrification targets. 

Thank you for this information. We will keep 
these results in the Study. Additionally, see 
resolution to comment 82 which discusses 
Oregon State targets. 

171 n/a n/a WECC* 
 

Want more clarity around qualified paths 
and how it relates to more transmission  

See resolution to comment 9 

172 n/a n/a WECC* 
 

GW-mi unit in CEM results section is 
confusing. Discussed ideas to better caveat 
this 

See resolution to comment 3 



 

















TRANSMISSION MAKES 
THE POWER SYSTEM 

RESILIENT TO EXTREME 
WEATHER

PREPARED FOR ACORE, WITH SUPPORT 
FROM THE MACRO GRID INITIATIVE



This February, millions of Americans experienced 
prolonged power outages when electricity demand 
exceeded supply as record cold gripped much of the 
Central U.S. Power outages are always life-threatening 
for those who rely on electric medical devices, but they 
can be dangerous for anyone during a period of extreme 
cold or heat. Tragically, it appears the February power 
outages contributed to hundreds of deaths in Texas alone.1 
Electricity is also increasingly the lifeblood of America’s 
economy, and is essential for powering first responders 
and national security workers. The Congressional 
Research Service estimates that weather-related power 
outages cost Americans $25-70 billion annually.2 

Investigations are underway to determine what caused 
February’s outages. Regardless of which energy sources 
failed, strengthening transmission is an essential part 
of the solution for preventing future outages. Extreme 
weather events tend to be most severe in relatively 
small areas, so stronger transmission ties to neighboring 
regions can be a lifeline to keep homes warm and people 
safe. Transmission ties cancel out local fluctuations in the 
weather that affect electricity demand. This is primarily 
due to heating/cooling needs and supply, including 
changes in wind and solar output as well as failures of 
conventional power plants due to extreme weather. 

Many severe weather events migrate from region to 
region, allowing one region to import during its time of 
need and then export to other regions once the storm 
moves on. Grid operators have confirmed that connecting 
large geographic areas via transmission saves billions of 
dollars per year by reducing the need for power plant 
capacity by reducing variability in electricity supply 
and demand.3 A strongly integrated grid network also 
provides valuable resilience, so if some power lines or 
power plants are taken offline by any type of disaster, 
there are alternative sources of power available. 

1  Peter Aldhous, Stephanie M. Lee, and Zahra Hirji, “The Texas Winter Storm and Power 
Outages Killed Hundreds More People Than the State Says,” (May 26, 2021), available at: 
https://www.buzzfeednews.com/article/peteraldhous/texas-winter-storm-power-outage-
death-toll.   

2  Executive Office of the President, Economic Benefits of Increasing Electric Grid Resilience 
to Weather Outages, (August 2013), available at: https://www.energy.gov/sites/default/
files/2013/08/f2/Grid%20Resiliency%20Report_FINAL.pdf. 

3  For example, see PJM, “PJM Value Proposition,” (2019) available at: https://www.pjm.com/
about-pjm/~/media/about-pjm/pjm-value-proposition.ashx, MISO, “Value Proposition,” (n.d.), 
available at: https://www.misoenergy.org/about/miso-strategy-and-value-proposition/miso-
value-proposition/. 
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EXECUTIVE SUMMARY

Severe weather events are becoming more common and more extreme, with severe events 
challenging nearly every part of the U.S. power grid in the last decade alone.4 This analysis 
reviews five recent severe weather events to determine the value additional transmission would 
have provided. 

February 2021 Winter Storm Uri — Each additional 1 GigaWatt (GW) of transmission ties 
between the Texas power grid (ERCOT) and the Southeastern U.S. could have saved nearly 
$1 billion, while keeping the heat on for hundreds of thousands of Texans. With stronger 
transmission ties, other parts of the Central U.S. also could have avoided power outages while 
saving consumers hundreds of millions of dollars. In particular, consumers in the Great Plains, 
served by the Southwest Power Pool (SPP), and those in the Gulf Coast states, served by the 
southern part of the Midcontinent Independent System Operator (MISO), each could have 
saved in excess of $100 million with an additional 1 GW of transmission ties to power systems 
to the east.  

Texas heat wave in August 2019 — An extended heat wave in Texas led to high power prices 
across 12 days in August 2019. An additional 1 GW transmission tie to the Southeast could have 
saved Texas consumers nearly $75 million. As summer heat waves become more frequent and 
severe, the value of transmission for delivering needed electricity supplies from regions that are 
less affected will grow.

The “Bomb Cyclone” cold snap across the Northeast in December 2017-January 2018 —  
New England, New York, and the Mid-Atlantic region suffered cold weather for nearly three 
weeks, causing natural gas price spikes and nearly exhausting fuel oil supplies in New England. 
Each of these regions could have saved $30-40 million for each GW of stronger transmission 
ties among themselves or to other regions. These regions routinely switched between importing 
and exporting as the most severe cold migrated among the regions over the course of the 
three-week event, demonstrating that transmission benefits all users across broad geographic 
areas. In addition, one GW of stronger transmission ties between eastern and western PJM, 
the grid operator for much of the region between the Mid-Atlantic and Chicago, would have 
provided over $40 million in net benefits during this event. 

4  See, e.g. NOAA National Centers for Environmental Information, “Billion-Dollar Weather and Climate Disasters: Overview,” (2021), available at: https://
www.ncdc.noaa.gov/billions/.  
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The January 2014 “polar vortex” event in the Northeast — New England, New York, and 
the Mid-Atlantic region suffered several days of extreme cold in early January 2014. The grid 
operator for the Mid-Atlantic region, PJM, resorted to voltage reductions to avoid the need for 
rolling outages. Greater transmission ties within and among these regions could have saved 
consumers tens of millions of dollars and prevented reliability concerns. Like the 2017/2018 
Bomb Cyclone event, regions switched between importing and exporting as the most extreme 
cold migrated from region to region.

The “polar vortex” event in the Midwest in 2019 — While an additional 1 GW of transmission 
between MISO and PJM would have only saved a few million dollars during this short-lived 
cold snap, this event was notable for illustrating how transmission expansion benefits both 
interconnected regions. As the extreme cold moved eastward from MISO to PJM, so did the 
high power prices, and transmission flows switched from westward to eastward.

These results for these five events are summarized in the table below. For reference, long-
distance transmission costs around $700 million per GW of transfer capacity, based on the 
average cost for the 18 above-ground shovel-ready projects identified in a recent report, 
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though costs vary considerably based on the length of the line and other factors.5 In the case 
of the February 2021 Texas outages, the value of power delivered to Texas could have fully 
covered the cost of new transmission to the Southeast, while for other lines and severe weather 
events the value could have defrayed a significant share of the cost of building transmission.

TABLE 1. Value of 1 GW of additional transmission by region for each event

Receiving region – delivering region
Savings per GW of additional 

transmission capacity (millions of $)

WINTER STORM URI, FEBRUARY 2021

ERCOT – TVA $993

SPP South – PJM $129

SPP South – MISO IL $122

SPP South – TVA $120

SPP S – MISO S (Entergy Texas) $110

MISO S-N (Entergy Texas - IL) $85

MISO S (Entergy Texas) – TVA $82

TEXAS HEAT WAVE, AUGUST 2019

ERCOT – TVA $75

NORTHEAST BOMB CYCLONE, DECEMBER 2017 – JANUARY 2018

Eastern PJM (VA) – Western PJM (Northern IL) $43

NYISO – PJM $41

PJM – MISO $38

NYISO – ISONE $29

NORTHEAST POLAR VORTEX EVENT, JANUARY 2014

PJM – MISO $17

NYISO – PJM $9

NYISO – MISO $21

MIDWEST POLAR VORTEX EVENT, JANUARY 2019

MISO – PJM $2

For each event, the savings across the multiple potential new lines are not always additive, 
with the total savings tending to be somewhat lower than the sum of all lines’ savings. This is 
because building the first line into a region will alleviate some of the congestion, reducing the 
value of additional lines into that region. 

5  Michael Goggin, Rob Gramlich, and Michael Skelly, Transmission Projects Ready to Go: Plugging Into America’s Untapped Renewable Resources, (April 
2021), available at: https://cleanenergygrid.org/wp-content/uploads/2019/04/Transmission-Projects-Ready-to-Go-Final.pdf. 

eas
ly

hen t5 I

hereat
ull
we

e fav
s.
d h

toor

n.ion
e w
iss

verssev
ldd
d

ou
facer f

minnstra
nds a

as exa
othd

ingild
liner l

o T
nd 

t

f bof
oth

ed ere
ine

for
he 

r d
of 
er

h of

e o

pow
lenl

TR
AN

SM
IS

SIO
N 

MA
KE

S T
HE

 P
OW

ER
 SY

ST
EM

 R
ES

ILI
EN

T T
O 

EX
TR

EM
E W

EA
TH

ER

4



Across these events, transmission congestion tends to recur at certain notable points on the 
grid, confirming the need for expanded transmission in those areas. Expanding transmission 
between ERCOT and the Southeast, from SPP and MISO to power systems to the east like PJM 
and the Southeast, between western and eastern PJM, and among eastern PJM, New York, and 
New England appears to be particularly valuable for protecting against the impact of severe 
weather. 

These events demonstrate that all generation sources are vulnerable to severe weather, making 
increased transmission to broaden the pool of available resources one of the best options for 
increasing resilience. ERCOT6 and SPP7 data for the February 2021 event show that coal, gas, 
diesel, wind, solar, nuclear, and hydropower plants were all taken offline by the record cold 
and ice; however, gas generators accounted for the majority of outages, with the cold causing 
generator equipment failures as well as fuel interruptions due to overwhelmed pipeline capacity 
and frozen gas wells.

Despite the large savings identified above, transmission’s value for making the grid more 
resilient against severe weather and other unexpected threats is not typically accounted for 
in transmission planning and cost allocation analyses. Grid operator transmission planning 
processes typically assume normal electricity supply and demand patterns, and in most cases 
do not account for the value of transmission for increasing resilience. Transmission’s hedging 
or insurance value from protecting consumers against the economic and reliability impacts of 
these rare events is also not typically accounted for.

As a result, pro-transmission policies need to be enacted to account for the resilience benefits 
of transmission. Just as President Eisenhower created the interstate highway system to protect 
national security and facilitate interregional trade, there is a clear national interest in ensuring 
that the backbone of the 21st century economy — the power grid — is strong and secure. 

6  ERCOT, “Hourly Resource Outage Capacity,” (2021), available at: http://mis.ercot.com/misapp/GetReports.
do?reportTypeId=13103&reportTitle=Hourly%20Resource%20Outage%20Capacity&showHTMLView=&mimicKey. 

7  SPP, “Capacity of Generation on Outage,” (2021), available at: https://marketplace.spp.org/pages/capacity-of-generation-on-outage#%2F2021%2F02. 
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Federal legislation and action by the Federal Energy Regulatory Commission (FERC) can enable 
the needed investment. A tax credit for building high-voltage transmission lines is now under 
consideration in Congress. FERC can require greater regional and interregional coordination 
in how transmission is planned and paid for, and could require minimum levels of interregional 
transmission to ensure grid reliability. Congress could also pass legislation directing FERC to 
make those changes.

A stronger grid will be valuable every day, not just during extreme weather events. Many of 
the new transmission lines that would have been highly valuable during these severe weather 
events are the same ones needed to deliver the Midwest’s low-cost wind resources to electricity 
demand centers to the east. Power can flow in both directions on transmission, so both ends of 
the line benefit. Most of the time these lines will export wind generation from the Midwest, but 
during an emergency power can flow back into the Midwest. 

Many recent studies show that interregional transmission lines like those discussed in this 
paper become increasingly essential as wind and solar penetrations increase in different parts 
of the country. Just as these lines aggregate diverse sources of electricity supply and demand 
to balance out localized disruptions during extreme weather, they provide a similar value by 
canceling out local fluctuations in wind or solar output.8 

There have also been other extreme temperature and severe weather events in other regions 
over the last decade in which stronger transmission ties would have been similarly valuable.9 
However, those events occurred in regions without centralized power markets or in regions that 
were not adjacent to those with centralized power markets, making it more difficult to quantify 
the value of transmission due to the lack of transparent market price information. It is likely 
that these regions could have seen benefits from transmission expansion that are comparable 
to those quantified in this report.10  The following section discusses in more detail the value 
additional transmission could have provided during the five recent severe weather events. 

8  For example, see Patrick Brown and Audun Botterud, “The Value of Interregional Coordination and Transmission in Decarbonizing the US 
Electricity System,” (January 20, 2021), Joule, Volume 5, Issue 1, at 115-134, available at: https://www.sciencedirect.com/science/article/abs/pii/
S2542435120305572?dgcid=author; Eric Larson et al., Net-Zero America: Potential Pathways, Infrastructure, and Impacts, (December 15, 2020), available 
at: https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf; 
Aaron Bloom et al., The Value of Increased HVDC Capacity Between Eastern and Western U.S. Grids: The Interconnections Seam Study, (October 2020), 
available at: https://www.nrel.gov/docs/fy21osti/76850.pdf; NREL, Renewable Electricity Futures Study,” (2012), available at: https://www.nrel.gov/docs/
fy13osti/52409-ES.pdf; Christopher Clack, Michael Goggin, Aditya Choukulkar, Brianna Cote, and Sarah McKee, Consumer, Employment, and Environmental 
Benefits of Electricity Transmission Expansion in the Eastern U.S., (October 2020), available at: https://cleanenergygrid.org/wp-content/uploads/2020/10/
Consumer-Employment-and-Environmental-Benefits-of-Transmission-Expansion-in-the-Eastern-U.S..pdf.

9  For example, many parts of the Western U.S. have experienced record heat or cold, or natural gas supply interruptions like the Aliso Canyon leak and 
British Columbia pipeline explosion, that resulted in power outages or extreme price spikes. See, e.g. outages and price spikes in the Southwest following 
extreme cold and gas supply interruptions, FERC and NERC Staff, Outages and Curtailments During the Southwest Cold Weather Event of February 1-5, 
2011: Causes and Recommendations, (August 2011), available at: https://www.ferc.gov/sites/default/files/2020-04/08-16-11-report.pdf. Similarly, many 
utilities in the Southeast have been challenged by unusual cold snaps or extreme heat and drought. See, e.g. FERC and NERC Staff, The South Central 
United States Cold Weather Bulk Electric System Event of January 17, 2018, (July 2019), available at: https://www.nerc.com/pa/rrm/ea/Documents/South_
Central_Cold_Weather_Event_FERC-NERC-Report_20190718.pdf.

10  For example, in August 2020 California experienced power outages and high prices when a high level of generator outages coincided with record-
breaking heat across many parts of the Western U.S. While this event was highly unusual in that the extreme heat affected much of the West at the same 
time, additional transmission capacity to other regions still could have helped alleviate the outages and price spikes. The California grid operator has 
calculated that congestion on transmission ties with other regions, mostly the Pacific Northwest, added around $45 million in consumer costs, while 
transmission congestion within California imposed an additional $37 million in costs. 
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RESULTS: VALUE OF TRANSMISSION DURING  
RECENT SEVERE WEATHER EVENTS

These events demonstrate that all generation sources are vulnerable to severe weather, making 
increased transmission to broaden the pool of available resources one of the best options for 
increasing resilience. Almost all severe weather events are at their most extreme in a relatively 
narrow geographic area, so transmission allows surplus electricity supplies to be delivered from 
neighboring regions that are not experiencing extreme electricity demand or loss of generating 
supply.

Winter Storm Uri in February 2021

The value of transmission for resilience can be seen in the drastically different outcomes of 
MISO and SPP relative to ERCOT during the February 2021 cold snap event. SPP and MISO were 
able to weather the storm with much less severe power outages thanks to stronger transmission 
ties to neighboring regions that allowed them to import more than 15 times as much power as 
ERCOT.

While SPP and MISO also experienced extreme cold, they were able to avoid major power 
shortfalls by importing electricity from regions experiencing milder temperatures, mostly to 
the east. As shown in the bottom half of the Department of Energy chart below, at maximum 
MISO was importing nearly 9,000 megawatts (MW) from PJM, several thousand MW from the 
Tennessee Valley Authority (TVA), and around an additional 1,000 MW each from Southern 
Company, Louisville Gas and Electric, and Canada.11 Total MISO imports were consistently over 
13,000 MW during the most challenging period from midday February 15 to midday February 16.

11  This chart can be made at https://www.eia.gov/electricity/gridmonitor/expanded-view/electric_overview/US48/US48/InterchangeWithNeighbor-5. 
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FIGURE 1. Midcontinent Independent System Operator, Inc. (MISO) electricity  
interchange with neighboring balancing authorities 2/15/2021-2/19/2021, Eastern Time

In turn, MISO was exporting to power systems to its west, delivering over 5,000 MW to SPP and 
nearly 2,500 MW to the Associated Electric Cooperative Incorporated, as shown in the top part 
of the chart. Thus around half the power MISO was importing was effectively flowing through 
MISO to reach power systems farther to the west.

In contrast to the 13,000 MW MISO was importing during the peak of last month’s event, ERCOT 
was only able to import about 800 MW of power throughout the event, as shown below. ERCOT 
was initially able to import nearly 400 MW from Mexico, though those imports were cut early 
on February 15 when Mexico also experienced generator outages due to a loss of gas supply. 
Imports from SPP were also briefly cut at various points as SPP experienced its own shortages, 
particularly on February 16. 
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MISO and SPP also could have benefited from stronger transmission ties to neighboring regions, 
as well as stronger ties between northern and southern MISO. Power prices in SPP and southern 
MISO spiked during the event, reaching or exceeding the $1,000/MWh price cap in those 
markets as prices for natural gas spiked.12 The need for more transmission capacity was also 
reflected in the strong west-to-east price gradient across MISO and PJM shown below, with 
prices in the hundreds of dollars per MWh in MISO versus around $50/MWh in eastern PJM on 
the morning of February 15.

 

T

FIGURE 3. Snapshot 
of power prices 
on the morning of 
February 15, 2021

TTTTTT

Transmission congestion costs at the seams between PJM, MISO, and SPP routinely approached 
$2,000/MWh throughout the event, reflecting the need for more transmission.14 In many cases 
those costs flow to consumers who are forced to buy more expensive power because there was 
insufficient transmission capacity to deliver lower-cost imports. As is often the case, a large 
amount of transmission congestion at the MISO-PJM seam in Illinois and Indiana prevented 
more power from reaching SPP and MISO. Grid-enhancing technologies that allow more power 
to be transferred across transmission lines likely would have reduced the outages and price 
spikes in MISO and SPP.15 Long-standing operational issues at the seams between the markets 
may have also contributed to the congestion and caused the localized pockets of very low 

12  SPP, “Order 831 Verification Frequently Asked Questions,” (April 1, 2021), available at: https://www.spp.org/documents/64402/spp%20mmu%20
order%20831%20verifcation%20faq%20v4.pdf. 

13 Screenshot taken February 15, 2021, from Joint and Common Market Contour Map, available at https://www.miso-pjm.com/markets/contour-map  

14  MISO, “SRW Hourly Market-to-Market Settlements,” (2021), available at: https://docs.misoenergy.org/marketreports/M2M_Settlement_srw_2021.csv. 

15  T. Bruce Tsuchida, Stephanie Ross, and Adam Bigelow, Unlocking the Queue With Grid-Enhancing Technologies,” (February 1, 2021), available at: 
https://watt-transmission.org/wp-content/uploads/2021/02/Brattle__Unlocking-the-Queue-with-Grid-Enhancing-Technologies__Final-Report_Public-
Version.pdf90.pdf.
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prices along the seam shown in the map above.16

Throughout the event, transmission constraints within MISO were also limiting the transfer of 
power from areas with more abundant power to areas with higher prices. The quantity and price 
impact of binding transmission constraints within MISO were at least an order of magnitude 
higher than a typical winter day.17 Price differences between northern MISO and southern MISO 
were also extreme throughout the event, routinely hitting $500/MWh.18 

The following chart shows our analysis of the extreme price differences among these 
neighboring grid areas during Winter Storm Uri, illustrating the value of expanding transmission 
ties among these regions. Power prices in PJM, TVA, and MISO Illinois remained relatively low 
throughout the event, while prices in ERCOT were consistently high. Interestingly, power prices 
in SPP South and MISO South were minimally or even negatively correlated throughout much of 
the event, indicating that increased transmission capacity could have significantly benefited 
both regions. About two-thirds of our calculated $110 million in savings per GW of increased 
transmission between those regions would have accrued to SPP ($72 million), while one-third 
would have accrued to MISO ($38 million). As discussed below, it is common for transmission to 
benefit both ends of the transmission line over the course of many severe weather events, as 
the area of the most severe weather often migrates over time. 
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Winter Storm Uri

16  David Patton and Mike Wander, “Identification of Seams Issues for OMS/SPP RSC,” (March 19, 2021), available at: https://www.spp.org/
documents/59674/oms_rsc_seamsissuesmemo.pdf.

17  MISO, “Real-Time Binding Constraints,” (2021), available at: https://www.misoenergy.org/markets-and-operations/real-time--market-
data/market-reports/#nt=%2FMarketReportType%3AReal-Time%2FMarketReportName%3AReal-Time%20Binding%20Constraints%20
(xls)&t=10&p=0&s=MarketReportPublished&sd=desc. 

18  MISO, “Real-Time Binding Sub-Regional Power Balance Constraints,” (2021), available at: https://www.misoenergy.org/markets-and-operations/real-
time--market-data/market-reports/#nt=%2FMarketReportType%3AReal-Time%2FMarketReportName%3AReal-Time%20Binding%20Sub-Regional%20
Power%20Balance%20Constraints%20(csv)&t=10&p=0&s=MarketReportPublished&sd=desc. 
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Additional Transmission Could Have Alleviated Price Spikes and Kept the Heat on During Uri

More transmission capacity from ERCOT, MISO, and SPP to power systems to the east, such 
as PJM and TVA, and between northern MISO and southern MISO, and could have greatly 
alleviated these price spikes. Using the methodology described in the Appendix, our analysis 
finds large consumer savings for each potential 1 GW addition of transmission capacity, with 
savings approaching $1 billion for 1 GW of additional ties between ERCOT and the Southeast, 
and over $100 million for most of the other lines.

TABLE 2. Savings per additional GW of transmission, February 12-20, 2021 

Receiving region – delivering region
Savings per GW of additional 

transmission capacity (millions of $)

ERCOT – TVA $993

SPP South – PJM $129

SPP South – MISO IL $122

SPP South – TVA $120

SPP S – MISO S (Entergy Texas) $110

MISO S-N (Entergy Texas - IL) $85

MISO S (Entergy Texas) – TVA $82

Because ERCOT, MISO, and SPP were all forced to resort to rolling power outages during 
this event, the value of transmission is not only measured in dollars. A stronger transmission 
network could have kept the heat and power on for millions of homes and businesses, avoiding 
devastating loss of life and property. ERCOT says that one MW powers 200 homes during times 
of peak usage, so each additional 1 GW of transmission could have kept the lights on for around 
200,000 Texas homes. The total electricity shortfall in ERCOT was around 10-20 GW during 
February’s event, so multiple high-capacity transmission lines could have greatly alleviated the 
pain inflicted by the outages. Because many of the gas generator failures in ERCOT were due 
to interdependencies between the electric system and the gas supply system, like the use of 
electricity to power pipeline compressors and wellhead equipment, it is possible that several 
high-capacity transmission lines could have entirely prevented the power outages. Transmission 
also helps to protect national security. During Winter Storm Uri, several military bases were 
forced to close due to a loss of power, or the loss of water service when water utilities lost 
power.19

Transmission projects have been proposed for many of the interregional paths identified in the 
table above. Pattern Energy has proposed the 2 GW Southern Cross transmission line between 
ERCOT and Southeastern power systems like TVA. FERC and Texas regulators have determined 
that this line would not interfere with ERCOT’s independence from FERC regulation, so those 

19  Rose L. Thayer, “Winter Weather Causes More Than a Dozen Military Bases to Close,” (February 16, 2021), available at: https://www.stripes.com/news/
us/winter-weather-causes-more-than-a-dozen-military-bases-to-close-1.662417. 
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concerns should not prevent the construction of this or other transmission between ERCOT 
and FERC-regulated power markets.20 Our analysis showing nearly $1 billion in savings per GW 
of transmission indicates that, had Southern Cross been in service during Winter Storm Uri, it 
could have provided nearly $2 billion in value by delivering 2 GW from the Southeast to ERCOT 
for the duration of the event. This value greatly exceeds the $1.4 billion estimate cost for the 
transmission project in this single event, without even considering the additional billions of 
dollars in benefits it would provide over the many decades of the project’s life.21 

Other proposed lines would have benefited SPP and MISO. Grain Belt Express, originally 
developed by Clean Line and now owned by Invenergy, is proposed to run between SPP South 
and PJM. The Clean Line Plains and Eastern line, the Oklahoma portion of which is now owned 
by NextEra Energy, would have connected SPP South with the Southeast. MISO’s transmission 
planning processes routinely examine stronger transmission ties between northern and 
southern MISO, and studies have shown significant value for transmission between SPP, MISO, 
and PJM. Unfortunately none of those lines have been built, primarily due to disagreements over 
who should pay for the transmission. 

Those two lines could have provided hundreds of millions of dollars in benefits during Winter 
Storm Uri alone. While that is not enough to cover the full cost of those transmission lines, it 
adds to the savings they provide during normal operations. Across the half century or longer 
life of a typical transmission line, it is almost certain that the line will provide critical supplies 
of power during at least one severe weather event — particularly with the frequency and 
magnitude of severe weather increasing. Accounting for resilience benefits in transmission 
planning and cost allocation would significantly increase the calculated benefit-to-cost ratio of 
transmission, enabling more transmission projects to move forward.

The experience of MISO and SPP during February’s Winter Storm Uri likely would have been 
even worse had they not made large internal investments in transmission over the last decade. 

During a recent MISO Board meeting, MISO President Clair Moeller stated that the Multi-Value Project transmission lines that 
his organization has built over the last decade, at a cost of around $6.5 billion,22 provided around $18 billion in benefits across 
three days of Winter Storm Uri.23  

20  Pattern Energy, “Pattern’s Southern Cross Transmission Project Receives Key FERC Approvals,” (December 19, 2011), available at: https://www.
prnewswire.com/news-releases/patterns-southern-cross-transmission-project-receives-key-ferc-approvals-135852828.html. 

21  Southern Cross Transmission LLC, Direct Testimony of David Parquet on Behalf of Southern Cross Transmission LLC, (2017), Attachment A, 2017-UA-79, 
at 7, available at: https://www.psc.state.ms.us/InSiteConnect/InSiteView.aspx?model=INSITE_CONNECT&queue=CTS_ARCHIVEQ&docid=385777.

22  MISO, “Regionally Cost Allocated Project Reporting Analysis: 2011 MVP Portfolio Analysis Report,” (January 2021), available at: https://cdn.misoenergy.
org/MVP%20Dashboard%20Q4%202020117055.pdf. 

23  This calculation is different from that presented in this paper, as it is based on the cost of the more extensive power outages that would have happened 
without recent transmission investments, at an assumed cost of around $20,000/MWh of unserved energy. In contrast, our analysis evaluates reductions in 
power prices with potential additional transmission.
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Other severe weather events have also challenged the South Central region, though none was 
as severe as Winter Storm Uri. On February 2, 2011, ERCOT experienced rolling outages when 
cold weather similarly caused power plant outages and natural gas supply shortages. Millions 
of Texans experienced rolling outages that morning, and power prices hit the then-price cap 
of $3,000/MWh.24 An extended heat wave in summer 2011 also challenged the power grid in 
ERCOT, causing high prices but no widespread outages. During another cold snap on January 
6, 2014, ERCOT prices spiked to $5,000/MWh, and prices have gone even higher during other 
extreme temperature and severe weather events. 

During other severe weather events, ERCOT could have delivered needed power to neighboring 
regions, reversing the flows that were seen in February 2021. MISO South, SPP South, and 
parts of the Southeast experienced extreme cold on January 17, 2018, causing over 14,000 MW 
of unexpected generation outages and bringing utilities to the brink of implementing rolling 
outages.25 Stronger east-west transmission ties to ERCOT and power systems to the east, and 
transmission to northern SPP and MISO, could have alleviated the resulting price spikes and 
prevented reliability concerns.

August 2019 ERCOT heat wave

An extended heat wave in Texas led to high power prices across 12 days in August 2019. An 
additional 1 GW transmission tie to the Southeast could have saved Texas consumers nearly $75 
million, per our calculations using the methodology described in the Appendix. As shown below, 
power prices in TVA and MISO South remained consistently low across the 12 days, while prices 
in ERCOT spiked most afternoons. Additional transmission ties to those regions, or to SPP or 
the Western Interconnect, could have prevented those price spikes.

$9,000

$8,000

$7,000

$6,000

$5,000

$4,000

$3,000

$2,000

$1,000

$0

HOUR OF EVENT, AUGUST 5-16, 2019

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 10
3

10
9 115 12
1

12
7

13
3

13
9

14
5 15
1

15
7

16
3

16
9 175 18
1

18
7

19
3

19
9

20
5 21
1

21
7

22
3

22
9

23
5

24
1

24
7

25
3

25
9

26
5

27
1

27
7

28
3

  ERCOT
  MISO South  Entergy
  TVA

CO
ST

FIGURE 5. Power prices 
by region during August 
2019 heat wave

24  Potomac Economics, LTD., Investigation of the ERCOT Energy Emergency Alert Level 3 on February 2, 2011,  (April 21, 2011), available at: http://www.
ercot.com/content/meetings/tac/keydocs/2011/0505/09._IMM_Report_Events_020211.pdf. 

25   FERC and NERC Staff, The South Central United States Cold Weather Bulk Electric System Event of January 17, 2018, (July 2019), available at: https://
www.nerc.com/pa/rrm/ea/Documents/South_Central_Cold_Weather_Event_FERC-NERC-Report_20190718.pdf.
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The “Bomb Cyclone” cold snap across the Northeast in December 2017-January 2018

New England (ISO-NE), New York (NYISO), and the Mid-Atlantic region (PJM) suffered cold 
weather for nearly three weeks, causing natural gas price spikes and nearly exhausting fuel oil 
supplies in New England. As summarized in the table below, each of these regions could have 
saved around $30-40 million for each GW of stronger transmission ties among themselves or 
to other regions. More specifically, PJM could have saved around $38 million from each GW of 
greater imports from MISO to its west. One GW of stronger transmission ties between eastern 
and western PJM also could have provided over $40 million in net benefits during this event.26 

TABLE 3. Savings per additional GW of transmission, December 26, 2017 – January 19, 2018 

Receiving region – delivering region
Savings per GW of additional  

transmission capacity (millions of $)

Eastern PJM (VA) – Western PJM (Northern IL) $43

NYISO – PJM $41

PJM – MISO $38

NYISO – ISO-NE $29

26  Eastern PJM prices are represented by the Dominion zone (Virginia), while the ComEd zone (northern Illinois) represents western PJM.
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PJM, New York, and New England routinely switched between importing and exporting as 
the most severe cold migrated among the regions over the course of the three-week event, 
demonstrating that transmission benefits all users across broad geographic areas. The chart 
below shows how eastern PJM, New York, and New England experienced price spikes at 
different times during the event. New York prices were highly volatile given the relatively small 
size of its market and lack of transmission ties to neighboring regions. ComEd power prices, 
in western PJM, were consistently low throughout the event, even as power prices spiked 
in Virginia and other parts of eastern PJM. Largely as a result, PJM reported $900 million in 
internal PJM transmission congestion costs in the first half of 2018, up from $285 million in the 
first half of 2017. 
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FIGURE 6. Power prices by 
region during 2017-2018 
Bomb Cyclone

The January 2014 “polar vortex” event in the Northeast

The Central U.S., Northeast, and Mid-Atlantic regions suffered several days of extreme cold in 
early January 2014. PJM was forced to resort to system-wide voltage reductions to avoid the 
need for rolling outages. Greater transmission ties within and among these regions could have 
saved consumers tens of millions of dollars and prevented reliability concerns. 

TABLE 4. Savings per additional GW of transmission, January 5-10, 2014 

Receiving region – delivering region
Savings per GW of additional 

transmission capacity (millions of $)

PJM – MISO $17

NYISO – PJM $9

NYISO – MISO $21
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As shown below, prices were generally lower in MISO throughout the event, as the most 
extreme cold was located to the east in PJM and New York. Delivering power from MISO to PJM, 
or even to NYISO, would have greatly reduced consumer costs, as shown in the table above.
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FIGURE 7. Power prices 
by region during 2014 
Polar Vortex 

Like in the 2017/2018 Bomb Cyclone event, regions switched between importing and exporting 
as the most extreme cold migrated from region to region. This trend was most apparent the 
morning of January 7, the day when most regions experienced the most extreme cold. As 
shown in the following chart that zooms in on that morning, each region moving west to east 
lagged the other by an hour or two in experiencing the highest prices.
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FIGURE 8. Power prices 
by region on morning of 
January 7, 2014, during 
Polar Vortex

TR
AN

SM
IS

SIO
N 

MA
KE

S T
HE

 P
OW

ER
 SY

ST
EM

 R
ES

ILI
EN

T T
O 

EX
TR

EM
E W

EA
TH

ER

16



The “polar vortex” event in the Midwest in 2019

While an additional 1 GW of transmission between MISO and PJM would have saved around 
$2.4 million dollars during this short-lived cold snap, this event was more notable for illustrating 
how transmission expansion benefits both interconnected regions. As the extreme cold moved 
eastward from MISO to PJM on January 30-February 1, 2019, so did the high power prices, and 
transmission flows switched from westward to eastward. 

Early on January 30, MISO’s wind output dropped off as temperatures fell below the low 
temperature limit for wind turbines, forcing them to shut down. Fortunately, wind output in 
PJM was nearly twice as high as average. This higher wind output helped PJM export in excess 
of 5,000 MW of power westward to the Midwest grid operator (MISO) during its time of peak 
demand, a reversal of the typical eastward flow of power. This shows the value of wind’s 
geographic diversity paired with a well-connected grid, creating a more resilient overall system. 
Transmission also allowed MISO and PJM to take advantage of the diversity in their electricity 
demand patterns, in addition to the diversity in their wind output. PJM electricity demand was 
relatively low on the morning of January 30 when MISO experienced its peak demand, while 
MISO demand was lower by that evening when PJM experienced its peak demand for the day. 

This lagged shift in need can be seen in the chart of power prices below. Because of the lack of 
correlation between PJM and MISO in both electricity supply and demand, the $2.4 million in 
benefits from an additional GW of transmission are evenly split between the regions.
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FIGURE 9. Power prices 
by region during 2019 
Polar Vortex

This event also revealed other opportunities for expanding transmission to provide consumers with 
greater access to low-cost energy resources like wind. For example, when MISO and PJM experi-
enced their highest electricity demand on the morning of January 31, SPP had more than 9,000 
MW of wind output, keeping prices low. Similarly, electricity prices in MISO South region were 
consistently low throughout January 30 and 31 because that area was not as affected by the 
extreme cold. Stronger transmission ties within MISO and between MISO and SPP also could have 
benefited consumers by providing them with greater access to low-cost electricity generation. TR
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PRO-TRANSMISSION POLICIES TO REALIZE  
THESE BENEFITS

Like other forms of infrastructure including roads and sewer systems, transmission is often 
described as a public good in that many of the benefits of transmission cannot be realized by 
the party making the investment. However, in many parts of the country, generation developers 
are required to pay for a large share of transmission upgrades. This is much like requiring 
a driver entering a congested highway to pay the full cost of adding another lane. Policy 
intervention is therefore needed to correct for the resulting underinvestment in transmission 
and other public goods. Grid Strategies has labeled the key areas of policy reform needed to 
enable greater transmission investment, the “three Ps:” planning, paying for, and permitting 
transmission. Potential policies to correct for the underinvestment in transmission include:

Transmission investment tax credit

A bill has been introduced by Senator Heinrich to create a tax credit to incentivize investments 
in high-voltage transmission lines.27 The proposed tax credit is carefully targeted to incentivize 
high-voltage long-distance transmission projects that are difficult to build but provide large net 
benefits, but not the smaller local grid upgrades utilities are currently able to plan, pay for, and 
permit.

A transmission tax credit would provide large net benefits, many times greater than its 
cost. Many studies have documented the large net benefits of transmission,28 though those 
benefits are not typically fully accounted for in transmission planning and cost allocation 
methodologies.29 A transmission tax credit particularly benefits lower-income individuals, as 
electricity bills make up a disproportionate share of their total spending. A federal tax credit is 
analogous to how federal funds are used to build interstate highways — both account for how 
those infrastructure investments make the country more resilient against a range of threats and 
provide economic benefits across broad geographic areas.

27  A Bill to Amend the Internal Revenue Code of 1986 to Establish a Tax Credit for Installation of Regionally Significant Electric Power Transmission Lines, 
S.1016, 117th Congress, (March 25, 2021), available at:  https://www.congress.gov/bill/117th-congress/senate-bill/1016/.  

28  For example, see SPP, The Value of Transmission, (January 2016), available at: https://www.spp.org/documents/35297/the%20value%20of%20
transmission%20report.pdf; MISO, MTEP17 MVP Triennial Review, (September 2017), available at: https://cdn.misoenergy.org/MTEP17%20MVP%20
Triennial%20Review%20Report117065.pdf; PJM, The Benefits of the PJM Transmission System,” (April 16, 2019), available at: https://pjm.com/-/media/
library/reports-notices/special-reports/2019/the-benefits-of-the-pjm-transmission-system.ashx?la=en.

29  Judy Chang, Johannes Pfeifenberger, and Michael Hagerty, The Benefits of Electric Transmission: Identifying and Analyzing the Value of Investments, 
(July 2013), at v, available at: https://cleanenergygrid.org/uploads/WIRES%20Brattle%20Rpt%20Benefits%20Transmission%20July%202013.pdf; Judy 
Chang, Johannes Pfeifenberger, Samuel Newell, Bruce Tsuchida, and Michael Hagerty, Recommendations for Enhancing ERCOT’s Long-Term Transmission 
Planning Process, (October 2013), Appendix B, available at: http://files.brattle.com/files/6112_recommendations_for_enhancing_ercot%E2%80%99s_long-
term_transmission_planning_process.pdf.
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Anchor tenant

Legislation could be enacted to direct the federal government to directly invest in new 
transmission lines as an “anchor tenant” customer, and then re-sell that contracted transmission 
capacity to renewable developers and others seeking to use the transmission line. This would 
help provide the certainty needed to move transmission projects to construction and overcome 
what is called the “chicken-and-the-egg problem,” in which renewable developers and 
transmission developers are each waiting for the other to go first due to the mismatch in the 
length of time it takes each to complete construction. The Department of Energy can also use 
its existing loan-making authority to provide low-cost financing to build transmission.

FERC action

The Federal Energy Regulatory Commission (FERC) has authority over how transmission is 
planned and paid for. FERC can use that authority to break the transmission planning and 
cost allocation logjams that are preventing large regional and interregional lines from being 
built. Specific reforms include developing workable interregional transmission planning and 
cost allocation methodologies, accounting for transmission’s resilience benefits in planning 
and cost allocation, moving to proactive multi-value transmission planning, and moving away 
from requiring interconnecting generators to pay for most transmission upgrades. Legislation 
directing FERC to use these authorities could also be helpful.

FERC could also implement a reliability rule requiring a certain amount of interregional 
transmission. FERC oversees the North American Electric Reliability Corporation (NERC), which 
sets and enforces minimum standards for electric reliability. FERC or NERC could require 
minimum levels for interregional transmission interconnections, recognizing their value for 
ensuring grid reliability against a range of potential threats. NERC Standard TPL-001 already 
requires regions to implement solutions, including transmission additions, if their reliability 
planning studies indicate the system is not resilient against the loss of certain large transmission 
lines or power plants.30 

FERC can also develop more workable compensation methods for grid-enhancing technologies 
that allow more power to be transferred across transmission lines, as this would help to alleviate 
the economic and reliability impacts of severe weather.

Streamlined permitting

While most authority for permitting transmission lines is held by states, federal agencies have 
authority over lines that cross federal lands. Steps can be taken to streamline and expedite 
permitting for transmission, which can currently take a decade or more.

30  NERC, Standard TPL-001-4 – Transmission System Planning Performance Requirements, (n.d.), available at: https://www.nerc.com/files/TPL-001-4.pdf.
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TECHNICAL APPENDIX

Hourly real-time market prices were obtained from each of the RTOs (MISO,31 PJM,32 NYISO,33 
ISO-NE,34 and ERCOT35) for the five severe weather events. Prices for the NYISO Capital zone 
were used to represent NYISO prices because of significant transmission congestion in the NYC-
area zones of NYISO. MISO’s Illinois hub was used to represent prices for MISO North, while the 
Caldwell pricing node in Entergy’s Texas footprint was used to represent MISO South during the 
February 2021 Winter Storm Uri event. TVA-MISO interface prices, obtained from MISO’s price 
dataset, were used to represent TVA prices during the February 2021 Winter Storm Uri and 
ERCOT 2019 heat wave events. Prices for the ComEd and Dominion zones were used to analyze 
the prices in western and eastern PJM during the Bomb Cyclone event. Otherwise, average 
LMPs across the entire RTO were used to represent prices in that RTO. 

To calculate the net benefit of transmission reducing power prices by increasing supply on 
the receiving end of the line during these events, it is also necessary to account for the 
corresponding price increase caused by the increased demand on generators on the delivering 
end of the transmission line. The price increase on the delivering end is generally much smaller 
than the price decrease on the receiving end because the electricity supply curve slopes much 
more steeply upward when demand is high. For example, the relationship between MISO 
electricity prices and demand during the January 2014 Polar Vortex event is shown in the chart 
below. Prices remain relatively low until demand exceeds 90 GW, at which point prices ramp up 
dramatically as demand increases. As a result, delivering an additional GW from a region with 
low demand will not dramatically raise prices there, while prices will be dramatically reduced in 
the receiving region where demand is high.

31  MISO, “Historical Annual Real-Time LMPs,” (n.d.), available at: https://www.misoenergy.org/markets-and-operations/real-time--market-data/
market-reports/#nt=%2FMarketReportType%3AHistorical%20LMP%2FMarketReportName%3AHistorical%20Annual%20Real-Time%20LMPs%20
(zip)&t=10&p=0&s=MarketReportPublished&sd=desc.

32  PJM, “Settlements Verified Hourly LMPs,” (n.d.), available at: https://dataminer2.pjm.com/feed/rt_da_monthly_lmps.

33  NYISO, “Real-Time Market LBMP – Zonal,” (n.d.), available at: https://www.nyiso.com/custom-reports?report=rt_lbmp_zonal. 

34  ISO New England, “Final Real-Time Hourly LMPs,” (n.d.), available at:  https://www.iso-ne.com/isoexpress/web/reports/pricing/-/tree/lmps-rt-hourly-
final. 

35  ERCOT, “Historical RTM Load Zone and Hub Prices,” (n.d.), available at: http://mis.ercot.com/misapp/GetReports.
do?reportTypeId=13061&reportTitle=Historical%20RTM%20Load%20Zone%20and%20Hub%20Prices&showHTMLView=&mimicKey. 
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Demand data for MISO,36 TVA,37 and other delivering regions were combined with the price 
data obtained earlier to create similar scatterplots for those delivering regions. Two linear best-
fit slopes were added to each scatterplot, one on the flat part of the slope for periods of low 
demand, and one on the steep part of the slope for periods of high demand. For example, for 
the chart above, when MISO demand is greater than 90 GW, the linear best-fit slope indicates 
that an additional GW of demand increases prices by $15.30/MWh; however, when demand 
is less than 90 GW, each GW of demand increases prices by only $0.80/MWh. Those linear 
functions were then used to model the increase in prices in the delivering region, starting from 
actual demand and prices and then increasing demand by 1 GW to account for exports using 
the new transmission. This accounts for how increasing demand on the delivering end of the 
transmission slightly reduces the benefits of transmission.

36  MISO, “Historical Daily Forecast and Actual Load by Local Resource Zone,” (n.d.), available at: https://www.misoenergy.org/markets-and-operations/
real-time--market-data/market-reports/#nt=%2FMarketReportType%3ASummary%2FMarketReportName%3AHistorical%20Daily%20Forecast%20and%20
Actual%20Load%20by%20Local%20Resource%20Zone%20(xls)&t=10&p=0&s=MarketReportPublished&sd=desc. 

37  EIA, “Demand for Tennessee Valley Authority (TVA), Hourly – UTC Time,” (n.d.), available at: https://www.eia.gov/opendata/
qb.php?category=3390009&sdid=EBA.TVA-ALL.D.H.
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As families gathered for the holidays at the end of last year, in many regions they were joined 
by an unwelcome guest: bitter cold. From December 22-26, 2022, Winter Storm Elliott brought 
near-record low temperatures and wind chills across much of the Central and Eastern U.S. In 
the power sector, record winter electricity demand coincided with the large-scale loss of fossil 
power plants due to equipment failures and interruptions to natural gas supplies. Parts of the 
Southeast experienced rolling blackouts as electricity demand exceeded supply, while power 
prices spiked in many regions. 

Additional transmission capacity would have protected consumers from those blackouts 
and price spikes by bringing in power from other regions. The large differences in power 
prices across regions as Winter Storm Elliott moved west-to-east across the country, plus the 
economic cost of outages in parts of the Southeast, indicate the value a stronger power grid 
could have provided during the event. This report finds that in some areas modest investments 
in interregional transmission capacity would have yielded nearly $100 million in benefits during 
the 5-day event, while most areas could have saved tens of millions of dollars. The following 
map summarizes the benefits a hypothetical one gigawatt (GW) expansion of interregional 
transmission capacity could have provided in different areas.

Additional transmission into the Duke/Progress utility area in the Carolinas and the Tennessee 
Valley Authority (TVA) would have provided the largest benefit by alleviating customers’ 
rolling outages. The value of additional transmission into these regions was calculated by using 
power prices at TVA’s interface with MISO as well as Duke’s interface with PJM during hours 
without outages, and an assumed Value of Lost Load of $9,000/MWh during time periods with 
outages.1  For all other regions in our analysis the value of transmission was calculated based 
entirely on the difference in hourly power prices, as these regions did not experience rolling 
outages.

1  https://pubs.naruc.org/pub/2AF1F2F3-155D-0A36-3107-99FCBC9A701C, at 3, footnote 7.  

FIGURE 1. Benefit of 1 GW 
transmission expansion 
between each pair of regions, 
in millions of dollars, 
December 22-26, 2022
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As shown in Figure 2 below, a one GW transmission line between the Electric Reliability Council 
of Texas (ERCOT) and TVA would have provided nearly $95 million in value, mostly to TVA 
customers. That adds to the nearly $1 billion in value that line, flowing in the other direction, 
would have provided Texans suffering through outages during Winter Storm Uri in February 
2021.2 Similarly, one GW of additional transmission capacity from PJM into the Duke/Progress 
operating areas in the Carolinas could have provided those customers with electricity valued at 
over $80 million by helping to keep the lights on, when combined with the expansion of PJM’s 
ties to MISO and NYISO shown in Figure 1 above..

2  https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
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One GW lines from neighboring Louisiana or Illinois, parts of the Midcontinent Independent 
System Operator (MISO), into TVA could have provided around $75 million or $79 million in 
value, respectively. As an influx of polar air caused record low wind chills, it also drove up wind 
energy output across the MISO, Southwest Power Pool (SPP), ERCOT, and PJM grid operating 
areas, driving power prices down. Unfortunately, there was insufficient transmission to deliver 
that wind energy to areas that needed it. It appears that on Christmas Eve morning, wind 
plants in parts of western MISO were forced to curtail their output while the lights went out in 
neighboring TVA. At several points in time that morning power prices were slightly negative in 
western MISO, likely reflecting the curtailment of wind energy. The large west-to-east gradient 
in Locational Marginal Prices (LMPs) within MISO at one point on the morning of December 24 is 
shown below. 

Additional transmission within MISO and SPP would have enabled additional low-cost wind 
energy to reach customers who needed it, saving nearly $9 million within MISO and $6 million 
within SPP, and could have helped to alleviate outages in TVA. Congestion and seams issues 
between MISO and PJM, and between MISO and the Southeast, appear to have caused the 
localized pockets of negative prices seen in Mississippi, Illinois, and Michigan in the map above. 

FIGURE 3. MISO LMPs on December 24, 2022 at 8:00 am, Eastern Time
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As shown in Figure 4 below, power prices across parts of MISO North were very low or even 
slightly negative the morning of December 24, reflecting seams congestion and possibly the 
curtailment of wind energy. 

Over December 22-26, each GW of additional transmission capacity across the MISO-PJM seam 
in Illinois, between MISO’s Illinois hub and the Commonwealth Edison zone in PJM, would have 
provided around $27 million in economic value. Both regions would have benefited significantly, 
reflecting that over the course of the event prices and power flows reversed as the extreme cold 
moved from west to east across the country. As shown below, power prices spiked in MISO on 
the morning of December 23, while it was not until that evening and the next morning that the 
extreme cold reached much of PJM. 
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MISO swung from initially importing nearly 4,500 MW as it and SPP dealt with the worst of the 
extreme cold, to exporting nearly 4,500 MW later in the event after the extreme cold moved 
farther east, as shown below. Bidirectional flips in power flows and prices have occurred during 
past events as the area of most severe weather migrates over time.3 

Similarly, a region that primarily exports power during one severe weather event is likely to 
benefit from imports during another event. While Winter Storm Elliott had the largest impact on 
the Southeast, Winter Storm Uri primarily affected the Central U.S. and had minimal impact on 
the Eastern U.S. As a result, expanded ties between Texas and the Southeast would have helped 
keep the heat on in Texas during Winter Storm Uri and in the Southeast during Winter Storm 
Elliott. Other studies have confirmed that expanded ties between ERCOT and the Southeast 
have large reliability value, due to diversity in weather patterns and generation resources and 
because the main Texas grid lacks strong transmission ties to other states.4 

3  https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf.

4  https://www.esig.energy/wp-content/uploads/2022/07/EStvIG-Multi-Value-Transmission-Planning-report-2022a.pdf.
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In less than 24 hours between December 23 and the morning of December 24, PJM also 
flipped from exporting nearly 10,000 MW to importing more than 2,500 MW, as shown in 
Figure 7. Much of that swing involved transactions with New York. While PJM power prices 
spiked during the evening of December 23 and the morning of December 24, prices in New 
York remained relatively low because the extreme cold had not yet reached the Northeast, so 
additional transmission capacity could have allowed additional electricity exports to PJM and 
other regions facing the brunt of the storm. Over the course of the 5-day event, additional 
transmission between PJM and NYISO would have saved nearly $17 million.

One GW of additional transmission capacity within PJM, between Commonwealth Edison in 
Illinois and the Dominion zone in Virginia, also would have yielded nearly $27 million in savings 
during the event. Similarly, expanding ties between the Louisiana hub in MISO South and the 
Illinois hub in MISO North would have saved around $10 million, with those benefits fairly evenly 
split between those zones. As indicated in the chart below, this occurred because power prices 
peaked at alternating times between MISO South and North, reflecting the movement of the 
storm and the lack of strong transmission ties between those MISO subregions. 
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Additional transmission also would have helped to alleviate significant congestion among 
ERCOT, SPP, and MISO. An additional GW connection between ERCOT and the Louisiana hub 
in MISO South would have saved over $20 million over those five days, with the benefits nearly 
evenly split between ERCOT and MISO customers. As shown below, one GW of expanded 
transmission between SPP’s South hub and the MISO Louisiana hub would have saved around 
$17 million. 

Table 1 summarizes the benefits of expanding transmission across the 12 regional and 
interregional interfaces discussed above.

TABLE 1. Benefit of 1 GW transmission expansion between each pair of regions, December 22-26, 2022

Region-to-region interface  
(primary exporting region listed first)

Benefit of 1 GW  
transmission expansion

ERCOT North-TVA $95 million

PJM Dominion-Duke/Progress intertie $81 million 

MISO North-TVA $79 million 

MISO South-TVA $75 million 

PJM ComEd-PJM Dominion $27 million 

MISO North-PJM ComEd $26 million 

ERCOT North-MISO South $21 million 

SPP South-MISO South $17 million 

NYISO- PJM Dominion $17 million 

MISO North- MISO South $10 million 

Western MISO-MISO North $9 million 

Western SPP-SPP South $6 million 
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Making the grid bigger than the weather

Transmission is becoming increasingly valuable as climate change causes more frequent 
and more severe extreme weather events. Changes in the generation mix are also making 
interregional transmission more valuable. A primary cause of the outages and price spikes 
during Elliott appears to have been the loss of gas generators due to a systemic failure of the 
natural gas system, as was also the case during Uri and other recent cold snaps, including the 
2014 and 2019 Polar Vortex events, the 2018 Bomb cyclone and South Central U.S. cold snaps, 
and the 2011 Southwest outages. As the press reported after Elliott:

On Dec. 23, US natural gas production suffered its worst one-day decline in more than a decade, 
with roughly 10% of supplies wiped out because of wells freeze-offs. Output was as low as 84.2 
billion cubic feet on Saturday, a 16% decline from typical levels, before a slow recovery started, 
according to BloombergNEF data based on pipeline schedules… Most of the output loss was 
seen in the Northeastern Appalachia basin, where supplies plunged to the lowest level since 
2018. US natural gas futures posted gains on Tuesday as supplies remained severely constrained 
by freeze-offs. Supplies from Appalachia to the Tennessee Valley and the Midwest more than 
halved from typical levels, according to pipeline flow data compiled by BloombergNEF.5

Equipment failures across all types of power plants also played a significant role in electricity 
shortfalls during Elliott, as was the case in previous cold snaps. At one point on December 23, 

5  Gerson Freitas, Jr. et al., America’s electrical grid barely escaped a calamity as massive storm exposes a vulnerable natural-gas infrastructure, Fortune 
(Dec. 27, 2022, 2:36 PM EST), https://fortune.com/2022/12/27/america-electrical-grid-barely-escaped-a-calamity-as-massive-storm-exposes-a-
vulnerable-natural-gas-infrastructure/. 
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2022, TVA lost more than 6,000 megawatts of power generation or nearly 20% of its load at 
the time, including three large coal units.6 Preliminary data for MISO,7 PJM,8 and SPP9 show all 
fuel types were taken offline, though gas makes up the largest share of lost capacity.

Investigations are underway to determine which generators failed during Winter Storm Elliott, 
and why. Regardless of which energy sources failed, strengthening transmission is an essential 
part of the solution for preventing future outages due to all types of severe weather, including 
extreme heat, cold, and drought. Extreme weather events tend to be most severe in relatively 
small areas, so stronger transmission ties to neighboring regions can be a lifeline to keep homes 
warm and people safe. Transmission ties cancel out local fluctuations in the weather that affect 
electricity demand, primarily due to heating and cooling needs, and supply, including changes 
in wind and solar output as well as failures of conventional power plants due to extreme 
weather. A few weeks before Winter Storm Elliott, nearly all panelists at a Federal Energy 
Regulatory Commission (FERC) workshop endorsed expanding interregional transmission as an 
insurance policy against severe weather events that affect all energy sources.10 

Most transmission planning processes do not account for severe weather events in the net benefit calculations 
that determine whether grid investments move forward.11 This is despite the fact that recent analysis by Lawrence 
Berkeley National Laboratory indicates that half of transmission’s value accrues in only 5% of hours, typically when 
the power system is being stressed by extreme weather.12 Policy changes are therefore needed to account for 
transmission’s value as an insurance policy for grid resilience, such as through a minimum interregional transfer 
requirement as was discussed at FERC’s December 2022 workshop. 

Making the grid bigger than the weather will become even more important as wind and solar 
provide a larger share of our electricity.13 Just as transmission helps cancel out the localized 
impact of severe weather events, it also captures geographic diversity in wind and solar output 
across larger regions. This reduces the variability of wind and solar output and ensures a 
higher level of dependable output during periods of peak need. Transmission also captures 
complementary output profiles between wind and solar resources in different regions on a daily 
and seasonal basis. For example, transmission will allow the Southeast to export solar power to 
the Midwest during the day and during summer months, and then import wind energy from the 
Midwest at night and during the winter.14 

6 Dave Flessner, Chattanooga area hit with 1-minute power outages as cold weather forces rolling blackouts, Chattanooga Times Free Pres (Dec. 24, 2022, 
9:42 AM), https://www.timesfreepress.com/news/2022/dec/24/power-outages-tfp/. 

7 https://cdn.misoenergy.org/20230117%20RSC%20Item%2005%20Winter%20Storm%20Elliott%20Preliminary%20Report627535.pdf.

8 https://pjm.com/-/media/committees-groups/committees/mic/2023/20230111/item-0x---winter-storm-elliott-overview.ashx.

9 SPP, “December 2022 Winter Storm Elliott.”

10 https://www.ferc.gov/news-events/events/staff-led-workshop-establishing-interregional-transfer-capability-transmission 

11 https://www.brattle.com/wp-content/uploads/2021/10/2021-10-12-Brattle-GridStrategies-Transmission-Planning-Report_v2.pdf, at 36, 82.

12 https://emp.lbl.gov/news/regional-and-interregional-transmission-have

13 https://www.ferc.gov/media/panel-3-christopher-clack-vibrant-clean-energy-llc.

14 https://cleanenergygrid.org/wp-content/uploads/2020/10/Consumer-Employment-and-Environmental-Benefits-of-Transmission-Expansion-in-the-
Eastern-U.S..pdf. 
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Methodology

The transmission benefits in this report were primarily calculated by comparing Locational 
Marginal Prices (LMPs) within Regional Transmission Organizations (RTOs) and at interfaces 
with non-RTO areas in each hour during December 22-26, 2022.15 The Cimarron River LMP node 
in western SPP and LMPs at the NSP/OTP interface in western MISO were used to represent 
prices in the wind-heavy western parts of those RTOs, while all other calculations were based 
on prices at the major RTO hubs and interfaces listed in Table 1 above. As noted above, a 
$9,000/MWh value was assumed for deliveries into TVA16 and Duke/Progress17 during their 
rolling outages. 

The analysis conservatively used hourly average LMPs instead of prices at 5-minute intervals, 
as current practices for scheduling transactions between regions include market seam 
inefficiencies that limit the ability to use transfers to address short-term fluctuations in price. 
To test the impact of this assumption, the hourly results were compared against results using 
5-minute prices for the SPP West-SPP South and NYISO-PJM ties, which indicated that using 
5-minute prices would increase the calculated value of transmission by 5.4% in SPP and 4.1% for 
the NYISO-PJM tie.

This understatement of savings is about equal to the estimated overstatement of savings 
because this analysis did not account for increases in LMPs in exporting regions due to the 1 
GW increase in demand that would be caused by the expansion of transmission ties. Our 2021 
analysis found comparably modest increases in prices in exporting regions due to that effect, 
as the price increase on the delivering end of a line is generally much smaller than the price 
decrease on the receiving end because the electricity supply curve slopes much more steeply 
upward when demand is high.18 Because those two factors roughly offset each other, they are 
not accounted for in this analysis.

15  MISO LMP and TVA interface price data obtained from https://www.misoenergy.org/markets-and-operations/real-time--market-data/
market-reports/#nt=%2FMarketReportType%3AHistorical%20LMP%2FMarketReportName%3AReal-Time%20Final%20Market%20LMPs%20
(csv)&t=10&p=0&s=MarketReportPublished&sd=desc; PJM LMP, NYISO interface, and Progress/Duke interface price data at the Roxboro intertie obtained 
at https://dataminer2.pjm.com/feed/rt_hrl_lmps; SPP LMP data from https://marketplace.spp.org/pages/rtbm-lmp-by-location#%2F2022%2F12%2FBy_
Day; and ERCOT North LMPs from https://www.ercot.com/misdownload/servlets/mirDownload?doclookupId=886632075.

16  https://www.wbir.com/article/news/local/tva-artic-blast-rolling-blackouts-east-tennessee/51-9fac437b-6cce-40eb-a0ce-650be785b1de indicates the 
TVA outages on December 23 extended from 9:31 AM to 11:43 AM, while on December 24 they extended from 4:51 AM to 10:31 AM.

17  https://ncpolicywatch.com/2023/01/04/several-crises-malfunctions-at-duke-energy-led-to-rolling-blackouts-on-christmas-eve-utility-officials-tell-
state-regulators/ indicates Duke/Progress outages occurred from 6:14 AM to 4 PM on December 24.

18  https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf, at 20-21.
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modeling. Four transmission designs under eight scenarios were
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I. INTRODUCTION

A T THE western edge of the American prairie, just east
of the Rocky Mountains, lies a collection of electrical

transmission resources that tie together the otherwise segregated
U.S. and Canadian Eastern and Western Interconnections (EI
and WI). These seven back-to-back (B2B) high-voltage direct-
current (HVDC) facilities enable 1320 megawatts (MW) of
electricity to flow between the U.S. EI and WI. This transfer
capability between the interconnections is very small compared
to the networks they connect—the larger EI is home to 700000
MW of generating capacity, and the WI roughly 250000 MW.
But as small as these B2B facilities may be, they are important:
they are located strategically at the “seam” where the East meets
the West—and with the U.S. resource portfolio in transition,
the ability to share additional resources across the seam could
be economically attractive under a variety of possible futures.
At the same time, these facilities are aging, and thus their
continued use will require additional investment for keeping
them in service. These observations suggest that increasing
cross-seam transmission capacity may represent a timely and
impactful opportunity for utilities, developers, regulators, and
policy makers to modernize and strengthen the U.S. electric grid.

Over the last 95 years, a number of entities have indicated
interest in developing additional cross-seam transmission. The
earliest [1], in 1923, was motivated by a desire to integrate
the continent’s hydro and coal resources. Subsequent studies
[2]–[5] investigated joining the existing systems for economic
and/or reliability benefits. An HVDC overlay of the U.S. west-
ern and Midwestern grids was proposed in [6]. Reference
[7] argued for an integrated alternating-current/direct-current
(AC/DC) approach and illustrated a national overlay design of
predominantly 765 kV AC lines. More recent work [8]–[10]
applied generation and transmission co-optimization on a set
of geographically aggregated electric nodes across the United
States to design a national transmission network that was shown
to be economically attractive under various futures. A variety
of challenges have prevented nationwide HVDC overlays from
development so far. References [11], [12] describe transmission
planning efforts around the world, including HVDC overlay
designs.

0885-8950 © 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.

Authorized licensed use limited to: Library of Congress. Downloaded on June 12,2023 at 20:07:03 UTC from IEEE Xplore.  Restrictions apply. 



BLOOM et al.: THE VALUE OF INCREASED HVDC CAPACITY BETWEEN EASTERN AND WESTERN U.S. 1761

Here we present the Interconnections Seam Study, a coordi-
nated transmission planning analysis of the two major U.S. in-
terconnections. The study co-optimizes capacity expansion and
systems operations to quantify the potential value of increasing
the transmission capacity between the EI and WI using HVDC
technology to facilitate more economically efficient exchange
of power and adequacy throughout the United States. The work
described in this paper differs from previous efforts in three
ways:

1) Study objective: The objective was to identify the value
of increased cross-seam transmission capacity; as a result,
several HVDC designs were studied—one of which, called
the macrogrid, has features similar to those of previously
developed overlays.

2) Analysis fidelity: The study uniquely captures capacity ex-
pansion and production cost at an unprecedented geographic
scale and detail, all performed with consistent data inputs. The
production cost modeling (PCM) deploys a novel geographic
decomposition computational method to more precisely rep-
resent operational constraints, enable increased modeling res-
olution, and reduce solve time.

3) HVDC and AC transmission: In each cross-seam transmis-
sion design, HVDC capacity was co-optimized not only with
generation investments but also with AC transmission invest-
ments; this process ensured that AC transmission investment
needs were satisfied.

This paper makes two significant contributions to the litera-
ture. The first is that it describes a process for developing high-
capacity interregional transmission designs using an expansion
planning tool on an aggregated zonal model and translating those
investment results to a large and granular nodal model. The
second is that it describes and illustrates operational simulations
of a US macrogrid on a large nodal model representing two
asynchronous grids.

An earlier paper [13] described the cooptimized expansion
planning (CEP) procedure and results of this study. This paper
extends that work through the contributions described above.
In addition, [13] reported results on a renewable penetration
level that reached 50% by energy in 2038, conditions manifested
by the modeling of an escalating price on carbon and without
constraints imposing the renewable goals of individual state
renewable portfolio standards (RPS). In contrast, this paper
reports on a renewable penetration level that reaches 40% by
energy in 2038, conditions manifested by the modeling of what
we consider to be the “current policy” where there is no price
on carbon, but meeting the renewable goals of individual state
RPS is required. Finally, whereas [13] reports CEP results only,
this paper focuses on PCM results together with the process
necessary to obtain them.

II. APPROACH

To ensure the technical rigor of this study, a technical review
committee (TRC) including more than 20 organizations met on
six occasions to discuss the approach, methods, scenarios, data,
assumptions, and results. The study provides initial valuations of

TABLE I
DESCRIPTION OF THE SCENARIOS∗

∗Acronyms used here include Energy Information Administration (EIA) Annual Energy
Outlook (AEO); Renewable Portfolio Standard (RPS); Annual Technology Baseline
(ATB) (atb.nrel.gov); Variable Generation (VG).
∗∗: The study TRC recommended this approach (consistent with cost estimates in [18])
as a proxy for potential growth in wind and solar in light of uncertainty in traditional
deployment forecasts [19].

increasing connection between the interconnections but should
not be referenced as reporting final ready-to-build designs. It
also does not take the place of regional planning studies, but can
provide analysis of potential ways regions can benefit from inter-
regional planning efforts. Similarly, the study does not obviate
the need for state and federal siting review. The study did not
consider the impact on wholesale rates set by the Federal Energy
Regulatory Commission or North American Electric Reliability
Corporation (NERC) reliability standards under Federal Power
Act Sections 203, 205, and 206.

The first step of the study was to conduct a detailed capacity
expansion analysis for four future (through 2038) transmission
designs and eight different generation scenarios developed using
differing assumptions regarding transmission costs, renewable
generation, wind and solar costs, gas prices, and retirements
(see Table I). Each of the 32 simulated power systems (four
transmission designs applied to eight scenarios) meet long-term
simplified, single-year, consistent, resource adequacy require-
ments. In the base case, the systems are expanded cost-optimally
based on state renewable portfolio standards existing in 2017 and
business-as-usual assumptions for generation technology cost
improvement. A detailed nodal transmission model was created
to evaluate the ability of the power system to reliably schedule
and dispatch generation to meet demand at all hours of the year
for select scenarios.

Table II summarizes the four interregional transmission de-
signs considered in the generation scenarios. In all designs, new
AC transmission and generation are co-optimized to minimize
system-wide costs in addition to the HVDC and B2B facility
expansions allowed under each transmission design. For co-
optimized generation and transmission expansion, Iowa State
University’s co-optimized generation and transmission plan

Authorized licensed use limited to: Library of Congress. Downloaded on June 12,2023 at 20:07:03 UTC from IEEE Xplore.  Restrictions apply. 
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TABLE II
SUMMARY OF TRANSMISSION DESIGNS

Fig. 1. Analysis process implemented in this study.

(CGT-Plan) model [15] was used. Energy Exemplar’s PLEXOS
was used for PCM.

The model development and the analysis process are illus-
trated in Fig. 1. It starts from full industry-scale 2024 EI and
WI nodal models (25000 and 73000 buses, respectively), re-
duces and joins the models to obtain a single 169-bus zonal
model, runs the CEP tool CGT-Plan to identify the 15-year
generation and transmission investment plan, translates those
investments back to the 98000-bus nodal model, and finally runs
the PLEXOS PCM application to obtain sequential hour-by-hour
operational results for the year 2038. The process of reducing,
co-optimizing, translating, and simulating two asynchronous
grids, both very large, as reported in this paper, is unique to
the literature.

III. INPUT DATA AND ASSUMPTIONS

A variety of input data and assumptions were used to build
power system representation of the EI and WI. The near-term
expected generation and transmission for the EI and WI was
obtained from NERC regional entities. The Eastern Intercon-
nection Reliability Assessment Group’s (ERAG) Multiregional
Modeling Working Group (MMWG) 2026 summer case and
the Western Electricity Coordinating Council (WECC) Trans-
mission Expansion Planning Policy Committee (TEPPC) 2024
common case were chosen as the starting point for creating an
updated nodal representation of the 2024 EI and WI. These cases
included announced and planned generation and transmission
additions from 2016 to 2026, including both US, Canada, and
cross-border. Additional information on the 2024 data can be
found in [14]. Both capacity expansion and production cost

modeling used consistent data for the transmission topology,
existing and expanded generation fleet, thermal plant operating
characteristics, load forecasts, and time-series data for wind and
solar resources. Expansion was limited to the US so that study
results depend only on US growth.

A. Capacity Expansion Modeling

The capacity expansion model, CGT-Plan, determines the lo-
cation, size, and technology type for generation and transmission
built in each scenario. It does this by minimizing generation
and transmission investment costs, generation retirement costs
and generation production cost over time from 2024-2038 using
169 buses reduced from the 98000 nodal 2024 U.S. EI and WI
transmission networks. Production costs include, for new and
existing resources, fixed and variable operating and maintenance
costs, fuel cost and operational reserve cost (regulation up/down
and contingency reserve). Constraints imposed include: power
balance at each node; “DC” angle constraints across each exist-
ing line; upper and lower limits on generation dispatch and line
flows; lower limits on available up/down regulation reserves and
available contingency reserves; upper limits on up/down regula-
tion (contingency) reserves by the unit’s 1-minute (10-minute)
ramp rate; capacity in excess of the NERC-recommended 115%
of peak [15] (all units contributed to the planning reserve ac-
cording to each units capacity value which, for wind and solar,
varied locationally as described in [16] but were independent
of renewable penetration); and the definition of the particular
transmission design being studied. Operational reserves were
imposed system-wide; a capacity constraint was imposed in
each of four regions: West, Northwest, Midwest, and East. A
full description of the model is available at [16].

CGT-Plan was run 32 times, for each of the four designs, D1,
D2a, D2b, and D3 under the eight scenarios. CGT-Plan identified
investments in two-year increments to minimize net present
value of investments plus operational costs occurring during
the 15-year decision horizon, plus operating costs occurring
for another 20 years thereafter. Operations were simulated for
every year using 19 conditions; wind and solar were dispatched
using a Pmax set by their capacity factor (for energy blocks) or
capacity value (for peak blocks) and were redispatched down
under congested conditions as necessary; flexibility require-
ments were modeled as a function of net-load variability. The
19 conditions included 15 “energy blocks” capturing five time
periods in each of three seasons (summer, winter, and shoulder):
1–7 a.m., 8 a.m.–12 p.m., 1–4 p.m., 5–6 p.m., and 7 p.m.–12 a.m.
The remaining four conditions were “peak net-load blocks” to
capture one-hour annual peak conditions in each of four regions.
The peak blocks were used to model the capacity constraint;
because different regions peak at different times of the year,
this enabled analysis of interregional reserve-sharing subject to
transmission-related deliverability constraints [16].

Decision variables included investment in various generation
and transmission technologies, as well as retirement of existing
generation. Percentage of load served by VG ranged from ap-
proximately 30% to 40% in the base case and high VG case,
respectively. All generation assets were based on commercially
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available technologies in 2017 and were modeled with appropri-
ate maturation rates at all buses. The natural gas price assumption
for the Base Case was adopted from the U.S. Energy Information
Agency’s (EIA) 2017 AEO [20]; the nominal price for electric
generation ranged by region from $4.2/million British thermal
units (MBTU) to $5.1/MBTU in 2024; these assumed prices are
similar to those projected in the “low oil and gas supply curve”
of the 2020 EIA AEO [21]. Battery energy storage was not an
investment option. At each bus, the wind resources available
for selection included three 100-meter wind technologies, each
having different costs and the ability to be optimized for unique
wind resource characteristics by geography. This included three
different capacity factor categories that identified the investment
potential at a particular range of capacity factor. Investments
in solar photovoltaics (PV) were limited to utility scale and
were split evenly between single-axis tracking and fixed-tilt.
Distributed PV capacity projections for 2024 came from the
2016 NREL Standard Scenarios [22], and a 3% per year growth
rate [23] was applied until 2038.

Investment options among transmission technologies in-
cluded additional AC capacity on any existing branch at the
voltage of that branch, at a cost per mile appropriate for that
voltage and the geography of the region. Table I summarizes the
additional HVDC investments that are allowed in D2a, D2b, and
D3. In D2a and D2b, B2B facilities could expand independently
of one another. In D2b, the three additional HVDC lines con-
necting the EI and WI are required to develop equal capacity.
Similarly, in D3, all segments of the macrogrid are required to
maintain equal capacity. Although the N-1 reliability criterion
was not explicitly imposed, the “equal capacity” constraints for
the HVDC lines in D2b and D3 were employed as proxies to
avoid significant violation of this criterion. For example, three
equal-capacity parallel HVDC bipole lines can be loaded to
capacity and withstand a monopole loss of any one of them
(considered to be an N-1 outage) if the remaining five poles can
each provide an additional 20% capacity for a short time on their
emergency overload ratings. Based on analysis of discount rates
recommended by the White House Office of Management and
Budget and other studies [22]–[24], a nominal discount rate of
7.7% and an inflation rate of 2% were chosen, resulting in a
real discount rate of 5.7%. Demand growth was set within each
region consistent with recent studies [25], [26]; technology costs
and regional multipliers for all generation resources and AC and
HVDC transmission were based on [17, [27]–[30]. All HVDC
converters were assumed to be line communicated converters
(LCC), and all HVDC lines were assumed to be point-to-point,
enabling HVDC line protection to be provided on the AC side,
consistent with macrogrid designs presented in [13], [31], [32].
Voltage source converters could also be considered, providing
the opportunity to deploy a macrogrid design as a multiterminal
network, or as a hybrid as in [33], reducing the number of
converters but requiring deployment of DC breakers. This rich
line of inquiry is a logical follow-on to this paper.

A capacity credit is given to each generator type; it is the
percent of that unit’s capacity that can be applied towards
satisfying the annual peak [34], [35]. Other data and associated
sources are identified in [13], [16]. After the translation (III.B)

and PCM (III.C) were completed on the penultimate CGT-Plan
runs, the CGT-Plan was re-run for analysis presented in the
results section on costs and benefits (IV.C), this time allowing
expansion of a comprehensive set of transmission interfaces,
considering end-effects beyond 2038 in the optimization.

B. Translation From Capacity Expansion to PCM

CGT-Plan developed year-2038 aggregated zonal transmis-
sion and generation for the EI and WI. In order to study the
year-2038 operation of these systems and determine operational
savings (in perpetuity) due to the HVDC and B2B facilities, a
nodal PCM of the 2038 system was created. This required a
translation of the CGT-Plan zonal generation and transmission
results to the nodal PCM network. This is a two-step process that
begins with a 2024 nodal transmission model. Step 1 distributes
generation investments and retirements identified by CGT-Plan
operating on the 2024 nodal model, using the following criteria:
(i) Individual generating units are retired in the 2024 model
based on heat rate until the CGT-Plan retirement amounts are
satisfied; (ii) CGT-Plan new thermal generators are added at
locations in the 2024 model where thermal plants were retired;
and (iii) wind and PV investments identified by CGT-Plan were
added to the high-voltage node (≥230 kV) in the PCM that is
geographically closest to the wind and PV sites.

Step 1 resulted in a nodal model that contained 2038 load and
generation for the PCM (from CGT-Plan) but did not update the
transmission system. For step 2, a transmission expansion plan-
ning (TEP) optimization program was developed and applied
it to the nodal PCM obtained from Step 1. This optimization
is non-linear, given each transmission investment changes the
circuit capacity and the circuit reactance. To address this, the
TEP was developed as a sequence of linear programs (LPs),
where each LP minimized the total transmission investment cost
(subject to DC power flow equations), and only circuit capacity
was treated as a decision variable, while circuit reactance was
held constant. Following the LP solution, the reactance of each
invested circuit was updated to reflect the change in capacity,
after which the LP was rerun. The iterations were terminated
when the circuit with the largest change in capacity relative to the
previous iteration was within a specified tolerance. This two-step
process results in a nodal version of the 2038 systems created by
CGT-Plan, which is used in the PCM. The process is illustrated
in Fig. 2.

C. Production Cost Modeling

The nodal PCM resulting from the capacity expansion sce-
narios was used to simulate a full year of continuous operation
for 2038. The simulation has two phases, a day-ahead unit com-
mitment, made up of 365 serial optimizations, and a real-time
dispatch where 8760 serial optimizations are completed. Each
day-ahead unit commitment optimization is a mixed integer
linear program modeling 24 hourly decisions with additional
24-hours of look-ahead information. The look-ahead is used to
improve decisions about operations of energy-limited resources
and units with long minimum online/offline times. The real-time
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Fig. 2. Translating investments from reduced model to full.

dispatch is also a mixed integer linear program that only con-
siders a single hourly decision at a time.

The detailed PCM formulation used within PLEXOS is not
provided, which is standard, but rather point to Barrows et al.
[36] which summarizes the system of equations that define the
optimization problem for each phase of the PCM. The objective
function minimizes the total cost to operate the system, while
deciding which generating units to start or shut down and how
much power online units should generate. Constraints to the
objective functions include requiring total system generation
meet total system load, the technical limitations of generators
(such as ramp rates and minimum up/down times), temporal
energy limits, nodal power balance, and linearized power flow
equations, among others.

A new decomposition method described in [37] was adopted
to complete the day-ahead unit commitment phase to improve
representation of realistic operations for multiple regions, re-
ducing solve times by three orders of magnitude. This method
enables unit commitment and dispatch to be simulated in-
dependently for each region (independent system operator,
ISO/regional transmission organization, RTO); application of
this method here is to a model larger than any yet attempted.

The 2038 PCM includes approximately 13000 generating
units, 98000 transmission nodes, and 96000 transmission lines
and transformers. Wind data is from the Wind Integration
National Dataset (WIND) Toolkit, and solar data is from the
National Solar Radiation Database (NSRDB). Load data is from
multiple sources, including the various RTOs, ISOs, and Federal
Energy Regulatory Commission (FERC) [14]. Weather condi-
tions for the years 2007–2013 were evaluated for use in the PCM.
A geospatial analysis of wind and solar resource availability
identified 2012 as the closest to average across the seven-year
data set, so the 2012 data was used for wind, solar, and load to
maintain correlations and time synchronicity between these data
sets.

Thermal plant assumptions were adopted from [38] and
enabled detailed modeling of every thermal generator. When
possible, existing thermal plants that are still in operation in
2038 have unit-specific plant flexibility characteristics that were
extracted by analyzing the Environmental Protection Agency’s

TABLE III
SUMMARY OF CGT-PLAN BENEFIT/COST RESULTS FOR BASE SCENARIO

Note: D1 results are shown as absolute costs; D2a, D2b, and D3 results are shown
relative to D1.

TABLE IV
35-YEAR NET COST SAVINGS FOR SENSITIVITIES ($B)

Note: D2a, D2b, and D3 results are shown as savings relative to D1. Emission costs
included in the High VG scenario are not included in Net Costs.

TABLE V
35-YEAR BENEFIT/COST RATIO FOR SENSITIVITIES

Note: D2a, D2b, and D3 results are shown relative to D1. Emission costs included in
the High VG scenario are not included in ratio.

Continuous Emissions Monitoring System. When unit-specific
data was unavailable, generic assumptions were made based on
the generator vintage and type.

Contingency and regulation reserves are held regionally, ei-
ther by ISO/RTO boundary or by FERC Order 1000 planning
region. The amount of regulation required is calculated using the
method described in Ibanez et al. [39]. The method determines
the amount of reserves required to cover the uncertainty and
variability of the load, wind, and solar.

IV. RESULTS

A. Costs and Benefits

In this section, the results of the generation and transmission
expansion through 2038 are described, for the four transmissions
designs in the base case (Table III) and then the suite of eight
scenarios (Tables IV and V). The capacity expansion model was
used to assess the costs and benefits of each of the study scenarios
and designs, using the investment costs and operating costs for
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Fig. 3. Installed generation capacity by resource type in 2038. The installed
capacity was determined using CGT-Plan.

the years 2024–2038, plus 20 years with no load or generation
growth after 2038 in order to reduce the impacts of end effects.
Because D1 was the only design that did not allow cross-seam
transmission investment, it is reference for comparison for the
other three designs; positive numbers indicate cost increases
and negative indicates cost decreases. The investment and op-
erational costs for each transmission design in the base case are
presented in Table III, where the 35-year net cost change (total
transmission and generation investment costs plus operational
cost, relative to D1) is greatest for D2b and D3 in each scenario.

An important observation from Table III is that the benefit-
to-cost (B/C) ratio, calculated as the change (relative to D1)
in the generation investment and operational cost divided by
the change in the transmission investment cost, is well above
the industry threshold of 1.25 considered necessary to justify
transmission investments [40]. Most of the benefit occurs as a
result of reduction in generation operational costs enabled by
increased transfer capability provided by transmission builds.
The values shown may be considered as lower bounds on B/C
ratios since they do not reflect externalities nor non-quantified
benefits such as increased resiliency of the electric system to
continue supplying low-cost energy during catastrophes such as
large hurricanes and widespread wildfires. While including these
details could increase overall costs of the scenarios, transmission
would likely continue to have additional benefits.

Tables IV and V show the 35-year net cost savings and
benefit to cost ratios for D2a, D2b and D3, relative to D1 for
the various scenarios. The cost (net present value) of the D1
design under the base case conditions is $B29712. Though D2a
consistently produces the highest B/C ratio among the three
cases per sensitivity, D2b results in the greatest potential net
cost savings.

The B/C ratio in almost every case (except D3 for the low gas
price case) remains above the 1.25 threshold mentioned above.
In most cases, it is significantly higher.

The 2038 installed generation capacity from CGT-Plan is
presented in Fig. 3 for D1 and D3. Maps of the resulting AC
and DC (post-translation) transmission additions are shown in
Fig. 4. Fig. 3 reveals a slight decrease in installed capacity in
all scenarios in designs D3, relative to D1 (D2a and D2b, not
shown, are all between D1 and D3). The High VG scenario

TABLE VI
TRANSMISSION INVESTMENT SUMMARY, BASE SCENARIO

Note: New transmission investments are identified, for B2B in terms of GW increased
capacity between B2B terminals; and also, for lines, in terms of GW-miles, which is
the GW capacity multiplied by the path distance.

TABLE VII
TRANSMISSION INVESTMENT SUMMARY, HIGH VG SCENARIO

has the largest capacity reduction and the most transmission.
Tables VI and VII identify the additional transmission capacity
added in the Base and High VG scenarios. Each design requires
significant AC transmission expansion, but this AC transmission
expansion is less for the designs with high HVDC capacity
(D2b and D3). Additional details on the CGT-Plan modeling
are provided in [13], [16].

B. System Operations

An hourly PCM is used to help evaluate the operability of a
given scenario by simulating an entire year of hourly operations,
as opposed to the time slices used for capacity expansion. The
PCM simulated the operations of the 2038 power systems built
by the penultimate (and largely similar to the final) version of
CGT-Plan buildout. The base case is compared to the high VG
scenario, as they showed the most operations, as opposed to the
time slices used for capacity expansion. The PCM simulated the
operations of the 2038 power systems built by the penultimate
(and largely similar to the final) version of CGT-Plan buildout.
We compare the base case to the high VG scenario, as they
showed the most differences in B/C ratio, net cost savings, and
overall generation buildout. In those simulations, all of the power
systems met all load in all hours and met 99.69%–99.97% of
all contingency and regulation reserve requirements. In both of
the capacity scenarios, D1, the design with the least cross-seam
transmission capacity, had the largest total reserve shortage. In
the PCM modeling, nuclear generation did not change across
the scenarios. Fossil fuels provided 36% of generation in the
four Base designs and approximately 26% in the four High VG
designs. Wind and solar increased from just under 30% in the
Base designs to just under 40% in the High VG designs.

VG curtailment ranged from 11%–15% across all scenarios
and designs. A review of curtailment outcomes indicates that
congestion on AC transmission lines is a significant driver of
curtailment. Other options, such as additional energy storage
investment or additional demand response, may also become
economically attractive at these curtailment levels, but they were
not considered as an investment option. Additional analysis
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Fig. 4. Maps of the resulting AC and DC transmission additions between 2024 and 2038 from the TEP (i.e., post-translation and as modeled in the PCM). On
the left are the four transmission designs in the base scenario. The results for the designs in the high VG scenario are on the right.

is necessary to understand the tradeoffs between curtailment,
transmission, storage, and other options.

In addition to assessing overall system performance in 2038,
the PCM was also used to conduct a detailed analysis of extreme
time periods based on 2012 load and meteorology. Two such
cases that reflect periods of high net-loads and ramping are
presented, as well as the value of cross-seam transmission in
potentially mitigating them. The first period is the three-day

period in August around the coincident peak load across the
EI and WI. The hourly cross-seam flow across the B2B and
HVDC lines during this period is displayed in Fig. 5. There
is a strong diurnal pattern in the aggregate power flow across
the interconnections seam during this period in all transmission
designs. In the afternoon, the load in the EI begins to peak. At
the same time, solar PV generation is high in the WI, while
the WI load is still relatively low. Cross-seam lines are nearly
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Fig. 5. Cross-seam transmission power flow (B2B and HVDC) during the
coincident peak load period. A positive flow is a net export from the EI to the
WI; a negative flow is a net import into the EI from the WI. Times are Eastern
Standard Time.

fully loaded and are used to flow power from the WI to EI. As
the sun begins to set on the West Coast, load decreases in the
EI and wind in the Midwest increases its output. The flow on
the cross-seam lines changes direction, delivering power from
the EI to the WI. The lines export Midwestern wind power and
power from thermal units that otherwise would have turned off
after the EI peak load.

A three-day period in April was analyzed. On the first day of
this period, April 15th, the VG instantaneous penetration hovers
around 60% of total generation for all designs in both scenarios.
VG curtailment is also significant throughout the day. However,
in the late morning hours of the next day, April 16th, Southwest
Power Pool (SPP) wind begins a steady ramp down, and a
decrease in Midcontinent Independent System Operator (MISO)
wind follows. Fig. 6 shows how cross-seam transmission helps
respond to this event. On April 15th, the cross-seam HVDC is
used to export wind from SPP and MISO to the WI. But as the
wind power drops off on the morning of April 16th, the flow
changes direction, and the WI begins exporting to the EI. Rather
than requiring SPP and MISO to deal with the down-ramp in
wind on their own, cross-seam transmission allows lower-cost
resources in the WI to help balance the loss of the wind power
on the other side of the seam.

V. CONCLUSION/NEXT STEPS

This study demonstrates significant novelty in its multi-model
approach. Combining CGT-Plan and PCM allowed for a thor-
ough assessment and evaluation of the benefits and costs of four
alternative cross-seam transmission designs in the United States
and eight generation and transmission cost scenarios. The study
also deploys novel modeling techniques to 1) characterize the

Fig. 6. Cross-seam transmission power flow (B2B and HVDC) during a large
down-ramp in Midwest wind generation. A positive flow is a net export from
the EI to the WI; a negative flow is a net import into the EI from the WI. Times
are Eastern Standard Time.

value of capacity sharing, and 2) enable a nodal simulation of
every generator and transmission line in the two largest North
American Interconnections. This paper provides a macrogrid
design methodology that is deployed on realistic, and very
large models spanning the two major interconnections of the
North American continent; it shows that macrogrid operation
is operationally feasible and economically attractive. The paper
contributes to the methodological features necessary to pursue
scientific inquiry regarding macrogrid design, and it unearths
knowledge and understanding about macrogrid deployment that
contributes to the scientific knowledge base.

The study shows with increased intercontinental transmission
that the system was able to balance generation and load with
less total system installed capacity across each of the generation
scenarios, due to load and generation diversity, and increased
operating flexibility. The results show a robust benefit-to-cost
ratio ranging from 1.2 to 2.5 over different HVDC designs and
different conditions, indicating significant value to increasing
the transmission capacity between the interconnections and
sharing generation resources for all the cost futures studied.
Production cost modeling identified that new lines would likely
have high utilization during challenging operational periods
throughout the year.

While fundamental elements of transmission and generation
were represented throughout the study, additional modeling
and analysis is required to further examine the alternative grid
designs and evaluate the technical and economic benefits. For
example, there may be value to studying a distributed PV annual
growth rate beyond the 3% assumed here, though even an
aggressive 7% assumption (the highest rate assumed in [41])
would only reduce total generation growth of other forms from
600 GW to 515 GW and would be unlikely to reduce benefits
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from sharing reserves and peaking capacity. Contingency anal-
ysis, particularly for new HVDC designs D2a, D2b, and D3, is
an essential step in going forward. Industry review and input
will remain vital to further evaluation of potential transmission
expansion across the interconnections, as studies often present
the most optimal solution given the model inputs. Additionally,
this study does not address market adoption feasibility as well as
other technical details needed to develop a more thorough under-
standing of system reliability implications (e.g., dynamic power
flow, voltage stability, more complete contingency analysis).
Full exploration of the potential benefits and costs of cross-seam
transmission to the continent will require additional multi-model
analysis.

This study provides a platform for conducting additional
research at a large geographic scale, and recent efforts indi-
cate such research is ongoing [13], [31]–[33], [42]. Potential
reliability and resilience benefits of transmission could be ex-
plored through AC power flow studies with steady-state and
stability modeling; consideration of system resilience and secu-
rity requirements related to weather and extreme conditions;
and incorporation of natural gas delivery infrastructure and
gas-electric operational coordination. Additional analyses could
estimate additional system- and local-level costs and benefits
(e.g., economic and environmental impacts).
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