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•

The aging U.S. electrical grid requires major
expansion and upgrades to ensure energy access
and support decarbonization trends
Collaboration across regions and types of
stakeholders can increase the likelihood of
successful modernization of the U.S. energy
grid
Federal policy changes may increase adoption of
non-transmission alternatives, which can defer or
replace the need for new transmission infrastructure

Decarbonization and degrading infrastructure present twin
challenges to the aging U.S. electrical grid, which is vital
to the economy, national security, and public well-being.
This article addresses challenges around transmission
planning processes and policy options to improve these.
Specifically, long-term regional transmission planning is
hindered by conflicts over the equitable distribution
of costs incurred and the benefits achieved by new
development, as well as siting and permitting challenges.
Policy changes that require comprehensive estimation of
benefits and joint trans-regional evaluation can promote
projects that fulfill grid requirements effectively and
economically. In addition, increased regulatory direction and
consideration for non-transmission alternatives (NTAs) and
related distribution technologies could defer or replace the
need for new transmission.

he U.S. Energy Transition is already underway, with
considerable progress in decarbonizing the electricity
sector. Long-term success hinges on the ability of the
transmission system to accommodate changes in how
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electricity is generated and consumed. With remote renewable
generation added to the grid, long-distance transmission
infrastructure will be required to transport this clean energy
to distribution centers. Difficulties in forecasting variable
renewable generation, coupled with the shrinking output
from stable fossil fuel generators, will also require modern
transmission technology to ensure that supply and demand
remain instantaneously balanced. Electrification of heating,
transportation, and industrial processes support the shift to
a low-carbon economy, but often require that transmission
and distribution lines support peak loads beyond their nominal
capacity.
In addition to supporting the nation’s decarbonization
goals, transmission lines present their own security
challenges, as the majority of lines are operating decades
beyond their original life expectancy; threats include blackouts,
wildfire risk, and vulnerability of the grid to cyberattack [1].
Major investments and upgrades are therefore needed
to update the nation’s transmission infrastructure, which
is critical to preserving national security, economic and
technological competitiveness, and energy affordability [2].
This article briefly summarizes the landscape for electric
sector organization before addressing the regulatory and
socio-economic challenges in transmission planning.

Regulation of the Electrical Grid
The electrical grid is primarily organized in a top-down
manner to transport electricity from generators to users.
Transmission lines convey high-voltage electricity from
numerous generators, such as power plants and solar farms,
to substations. Substations transform electricity to a safer,
lower voltage and transfer it to the distribution network for
delivery to local customers, who include factories, hospitals,
and homeowners. In the continental U.S., the grid consists
of multi-state transmission networks, which require planning
at the regional level to determine necessary upgrades.
Approximately 60% of electrical supply is administered by
regional transmission organizations (RTOs), which control the
electrical grid and coordinate the expansion of transmission
infrastructure, such as cross-border interconnections that
deliver hydropower from Canada to homes in Maryland. The
remaining 40% is managed by regulated utilities, which are
typically responsible for the upkeep of local distribution and
transmission lines [3].
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Figure 1: Operating regions of Regional Transmission Organizations and Independent System Operators in North America[6].

The Federal Energy Regulatory Commission (FERC),
the central body overseeing interstate electricity planning
and wholesale electricity rates, issued FERC Order No.
2000 encouraging the voluntary formation of RTOs to
encourage competitive energy trading through open
access to transmission [4]. RTOs are independent,
non-profit organizations composed of numerous types
of members, including integrated utilities, independent energy
generators, transmission companies, and energy traders.
RTOs coordinate among each other through interregional
transmission links, which enhance grid reliability. For
example, during the Polar Vortex of 2014, electricity imports
from surrounding regions allowed the PJM RTO to keep the
lights on [5].
A central piece of FERC’s mandate, FERC Order No. 1000
provides the framework for large-scale regional transmission
planning and regional cost recovery for the construction of
new transmission infrastructure [7]. While FERC approves the
processes by which RTOs evaluate plans and allocate costs
for transmission infrastructure, states ultimately retain the
authority to approve siting and permitting, providing effective
veto power to regional infrastructure proposals. The following
sections explore the challenges and potential solutions to
effective transmission planning, cost allocation, and siting. In
addition, non-transmission alternatives and policy options to
support their wider implementation are reviewed.

Policy Issues
Cost Allocation and Benefits Methodologies: New
transmission infrastructure would provide great and
wide-ranging benefits, yet, cost allocation to beneficiaries
remains a critical obstacle to large regional transmission
upgrades. Logically, a “beneficiary pays” principle would be
implemented, but in the current framework, project developers
are effectively recognized as the sole beneficiaries because
their projects are what “cause” the need for new transmission.
The American Wind Energy Association argues that too much
responsibility for network transmission construction falls on
the generators, and as a result, proposed generation gets
delayed or cancelled due to high costs [8]. In reality, diffuse
benefits, such as increased reliability of a region’s power
supply and less curtailment of renewable energy, are shared
by numerous parties.
An alternative cost allocation approach would be to
examine the full benefits of proposed interconnection to both
electricity consumers and generators, and share the costs
accordingly. For example, the Electric Reliability Council of
Texas (ERCOT) RTO approved up to $500 million to connect
wind generators in South and West Texas to load centers
primarily in Central and East Texas. Rather than forcing the
wind generators to pay for transmission, the total annual
cost of all transmission services is spread across Texas and
passed onto customers as a dollar-per-kilowatt fee [9].
While ERCOT passed on the infrastructure costs to all
consumers, having recognized shared benefits across its
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entire footprint, the value of new transmission infrastructure
is often ambiguous and may not be shared equally among
all RTO participants. In his testimony before FERC, Judge
Posner for the U.S. Court of Appeals wrote the following,
in upholding the unanimous decision for the MISO RTO to
impose a market-wide tariff to support new transmission:
No one can know how fast wind power will grow.
But the best guess is that it will grow fast and confer
substantial benefits on the region served by MISO.. . .
There is no reason to think these benefits will
be denied to particular subregions of MISO. Other
benefits of [multi-value projects], such as increasing
the reliability of the grid, also can’t be calculated in
advance, especially on a subregional basis, yet are
real and will benefit utilities and consumers in all of
MISO’s subregions[10].
FERC Order 1000 describes a framework for transmission
planning and cost allocation, and FERC has approved
cost allocation processes across the country. However, the
question of “who benefits and by how much” is more likely
an issue of identifying and quantifying the full benefits
of a particular transmission project, which varies on a
case-by-case basis; as a result, there is unlikely to be a
universal solution [11]. Nonetheless, industry can follow best
practices to identify all potential benefits and allocate them
in approximate proportion to beneficiaries, such as those
analyzed by the Brattle group [12]. With RTOs implementing
a more comprehensive cost allocation model to support new
transmission infrastructure, grid modernization can proceed at
an accelerated pace.
Joint
Evaluation
Processes
for
Interregional
Transmission: Recognizing that the benefits of an individual
transmission line can affect the network far beyond the
local environment, FERC Order No. 1000 states that an
interregional process for transmission development between
RTOs must exist [13]. For example, a region that imports
renewable electricity from another region benefits from
low-cost, green energy, while the exporting region also
benefits from energy sale revenues. However, Order No.
1000 indicates that each RTO must approve any regional
transmission through its own cost allocation processes, and
does not specify how a joint evaluation between several
RTOs should be carried out [14].
As a result, a project that presents net benefits across
two RTOs may not be ultimately approved, because one
eliminates the project first through its own regional planning
process [15]. Specifically, separate regions may consider
different benefits when evaluating a given project, or attempt
to minimize costs for their constituents without considering
the cumulative benefits across all recognized categories,
and in all affected RTOs. This means that a “least
common denominator” approach is taken, which can lead
to fewer approvals and inequitable cost allocation [16].
Additionally, the present lack of coordination among RTOs,
with regards to planning assumptions and metrics, contributes
Kasam-Griffith et al.

Communication

to different evaluation outcomes. Revising FERC Order
No. 1000 to require an interregional evaluation framework,
using commonly agreed-upon assumptions and all benefits
acknowledged by each RTO, would improve transparency and
fairness in evaluating projects across regions.
Permitting: Siting and permitting new proposed transmission
lines is another obstacle to development. Several regulatory
approvals at the state level may be required for transmission
lines or upgrades, giving each state effective veto power in
a regional transmission project. The Energy Policy Act of
2005 authorizes FERC to regulate the siting of transmission
infrastructure to underserviced areas, and to intervene in
multi-state transmission projects under certain conditions;
however, this backstop authority has rarely been used [17].
“Pass-through” communities within these states may feel
that they unfairly shoulder the burdens of the proposed
transmission [18]. Common concerns include disruption
to local environments and unsightly infrastructure. These
reactions can cultivate coordinated “Not In My Backyard”
sentiments that jeopardize the permitting of transmission
projects. Further, state residents may oppose out-of-state
energy sources on the grounds that local generation would
provide more employment for their immediate communities
[19].
Several process considerations can serve to address
stakeholder concerns regarding transmission planning and
ensure projects meet minimal delays. The first would be
early coordination and solicitations for feedback between
project developers, the local utility or RTO, state authorities,
and affected citizens to improve the speed and likelihood
of transmission approval. For instance, the Great Northern
Transmission Line (GNTL) completed the final environmental
impact study in 18 months, as compared to the Northern Pass
Transmission (NPT) line which took seven years to complete
its impact study. This may be in part explained by the fact
GNTL held over 70 stakeholder workshops and addressed
comments during the pre-application filing process, while the
NPT had no public involvement [18]. In some cases, consent
from intervening states and affected communities may be
procured by promising them a percentage of new revenue
generated from the increased transmission capacity. Some
communities may also be receptive to subsidized electricity
obtained by tying in to the new transmission lines.
Second, the regulatory approval process might be avoided
in some cases by utilizing the land that already contains
existing transmission. Numerous strategies could be used
to increase transmission capacity while bypassing some of
the regulatory hurdles that would lead to project delays
and contingencies. Reed et al. review several technical
options to upgrade or repurpose existing transmission lines
to increase their capacity without the environmental and
social disturbances of running new lines [20]. In some
circumstances, new lines can be installed along existing
transmission corridors (i.e., where lines and poles are
physically located), which can reduce the costs and delays
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associated with constructing transmission infrastructure where
none existed previously. State planners and RTOs should
demonstrate that existing rights-of-way and infrastructure are
already at capacity before proposing to expand transmission
capacity with additional lines [20].
Recognizing Benefits of Non-Transmission Alternatives:
Increasingly, Non-Transmission Alternatives (NTAs) are
recognized for their potential role in improving grid capacity
and reliability without requiring new traditional transmission
and distribution infrastructure. NTAs encompass a range of
programs and technologies including substation upgrades,
efficiency improvements, distributed renewable energy, and
energy storage. Smart grid technologies like smart meters
encourage less energy use, especially during periods when
demand tends to peak. These numerous types of NTAs can
considerably reduce grid maintenance costs. Despite their
growing relevance, NTAs have received limited consideration
due largely to two key barriers to wider NTA implementation:
economic incentive and lack of regulatory clarity.
The current formula governing the process by which
utilities set the prices charged to consumers requires the
majority of utility return to be earned on capital investment
(i.e., traditional poles-and-wires infrastructure). NTAs are most
often classed as operating expenses, which can only be
passed through to the consumer at-cost, for no return. This
makes NTAs less attractive to utilities, even when they might
fulfill requirements at lower cost. Some utilities such as Central
Maine Power have called for a new incentive structure that
treats NTA investments in a similar way as transmission and
distribution [21].
Federal directives on NTA consideration are central to
ensuring appropriate consideration going forward. As it
stands, FERC Order No. 1000 requires that regional planning
entities consider NTAs, but does not specify the method of
analysis or require that regional planning entities develop
processes. Without direct guidance to spur NTA analysis,
traditional transmission projects remain the default solution.
The burden of proposing innovative NTA solutions then falls
on external stakeholders, such as public interest groups,
who may lack the necessary technical expertise to compete
with transmission proposals, or NTA providers, who have a
financial interest in the outcome [22].
Welton recommends that FERC update Order No. 1000
to require RTO-directed processes to assess regional NTA
opportunities [23]. They suggest that RTOs are best suited,
in terms of both expertise and financial resources, to assess
NTA feasibility. A FERC requirement would force transmission
planners to develop appropriate metrics for evaluating
traditional and innovative grid solutions. Requiring regional
analysis would allow FERC to compile best practices, without
prescribing top-down metrics. However, such a requirement
may not impact NTA deployment if FERC does not first require
appropriate cost allocation [23].

states have taken ambitious steps toward considering NTAs.
In 2018, the California Public Utilities Commission (CPUC)
issued a ruling to expand opportunities for third-party
distributed energy resources (DERs), such as rooftop solar
panels, to substitute for investments in transmission and
distribution infrastructure. Further, CPUC ordered utilities
to consider third-party DERs in their recurring grid needs
assessments [21]. At least eleven states have advanced
proposals aimed at incorporating DERs and other NTAs in
distribution planning [21]. These state and regional actors
may better understand their geographic and demographic
requirements than federal regulators, while a federal
requirement might limit innovative deployment.
While traditional state-level utility planning processes still
might lead to NTA development without changes to Order
No. 1000, suitable compensation for co-benefits provided
to the grid is not ensured. These benefits can include
mitigating congestion, reducing air pollutants and water usage,
and cutting overall land use. While the work in many
states to incorporate NTAs in planning is promising, revising
FERC Order No. 1000 could promote more numerous and
widespread avenues for mitigating carbon and maintaining
grid reliability—all while reducing costs.

Conclusions
A major overhaul of the U.S. transmission system is needed,
both to maintain the reliability of aging infrastructure, and
also to keep pace with modern decarbonization initiatives.
Renewables, distributed energy generation, electric vehicles,
and energy storage are shifting the patterns of electricity
use away from the model on which the U.S. grid was built
decades ago. Transmission expansion and upgrades will be
critical to the future success of the U.S. grid. Collaborative
approaches to cost allocation, project evaluation, and siting
can alleviate some difficulties in planning infrastructure
projects that offer widespread, long-term, and hard-to-quantify
benefits. Additionally, non-transmission alternatives (NTAs)
are a promising option to facilitate optimal use of existing
infrastructure, leading to reduced system costs. While
some regions are already embracing NTAs, modest policy
revisions could enable NTAs to compete against traditional
infrastructure projects as viable options. Modern policies as
well as technologies will support the transmission system’s
vital role in the Energy Transition.
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Alternatively, FERC could leave Order No. 1000
unchanged, and rely on existing regional momentum. Several
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