White paper

Transmission investments can
pave the way to a carbon-neutral
future in the U.S.
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Reducing greenhouse gas emissions

The Environmental Protection Agency’s (EPA) greenhouse gas (GHG)
emissions inventory showed the United States produced over 6.6 billion metric
tons of carbon dioxide equivalents (MMT CO2 Eq) in 2018. To decrease these
emissions, many U.S. states have developed GHG reduction goals. To achieve
these goals states will not only have to dramatically increase generation from
carbon-free sources, like hydro, wind and solar, but also develop a robust
transmission network to get the energy from where it is generated to where it
is needed in a reliable and economic way.

Generally, state-level GHG emission goals are to
reduce carbon emissions by 40% by 2030 and 80%
by 2050, using a 1990 baseline of 6.3 billion MMT CO2
Eq. This means GHG emissions must decrease by
over 5 billion MMT CO2 Eq by 2050. Currently, the two
largest producers of GHGs in the U.S. are power
generation and transportation, with transportation
recently passing generation. These two sources
account for more than half of the emissions in the
U.S..

Reducing emissions from power generation falls on
utilities, which need to produce or purchase more
carbon-free energy to meet state-level goals. Many
utilities have started to implement their own carbon
emission reduction goals to meet state reduction
deadlines.
Different utilities have different goals, but they are
typically one of the following with a timeframe of
completion by 2050:
• 100% renewable energy generation
• 100% carbon-free energy generation
• Net carbon zero energy generation

U.S. State GHG emissions targets

Executive Target

01 U.S. State GHG
emissions targets
Source: C2ES

Statutory Target
Statutory & Executive Target
Executive Targets are emission
reduction goals established by the
governor through executive order or
similar process.
Statutory Targets are set by legislators,
and some states have a combination of
both.
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02 Source: U.S.
Enviornmental Protection
Agency (2020. Inventory
of U.S. GHG emissions
and sinks: 1990-2018.
03 U.S. Utility emissions
reduction commitments
(2016-2020)
Source: Smart Electric
Power Alliance (SEPA)
04 Projection of
electricity load growth
Source: NREL

According to the U.S. Energy Information
Administration, carbon-free generation resources such
as nuclear, hydro, wind, and solar deliver
approximately 40% of generation in the United States
today, with the other 60% being coal, natural gas and
other fossil fuel-based generation. Based on a 2050
target date scenario, that means utilities have about
30 years to offset fossil fuel emissions and/or retire
and replace fossil fuel-based generation resources
with carbon-free energy generation.
Reducing transportation emissions is focused on
transitioning from internal combustion engines to
alternatives, like hydrogen and electric vehicles (EVs).
Today in the U.S., EVs only makeup 2% of the total
vehicles, but this is forecast to grow significantly
based on decreasing battery costs, the shift of vehicle
manufacturers to EVs, and demand for GHG emission
reductions. However, the electrification of
transportation extends well beyond personal lightduty vehicles, to include fleets (trains, buses, delivery
vans, trucks, airports, shipping ports, taxis, etc.) which
are likely to be converted to EVs sooner than personal
transport. The vehicles in these fleets have much
higher utilization factors and realize greater emission
reductions and operations and maintenance (O&M)
savings from lower ‘fuel’ consumption and reduced
vehicle maintenance. The National Renewable Energy
Laboratory (NREL) has forecasted that the transition to
EVs will lead to a 20 to 38% increase in electricity
consumption for EV chargers by 2050.
The net impact of these changes is an increased load
on the power grid, while simultaneously switching
60% of our energy generation away from fossil fuels.
We will need substantial investments in our
transmission infrastructure to enable this energy
transition.

Total U.S. GHG emisisons by
economic sector in 2018
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U.S. utility emissions reduction commitments

# of commitments
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*Count includes both old and current utility commitments
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U.S. utility emissions reduction commitments

04
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Location matters
The U.S. Energy Information Administration predicts
that a vast majority of the carbon-free energy
generation will come from wind and solar. Nearly all
renewable wind generation is expected to come from
large, utility-scale operations. Most of the best wind
sites are either offshore or in sparsely populated areas
that have historically had few energy generation
facilities. This, in turn, means that many of the best
wind sites don’t have transmission grid infrastructure
in place to support development of large wind arrays.
Many states in the northeast have already begun the
process for purchasing the output of offshore wind
projects. A study by Hitachi Energy’ Velocity Suite, a
premier analytical resource for energy information, has
documented 27.5 GW of offshore wind projects
planned along the Atlantic coast for completion by
2035. These projects require significant investment in
the region’s transmission systems including new
overhead or underground transmission lines,
substations, undersea cables and monitoring
equipment.

Even though solar generation is common in
distributed, smaller-scale, local projects, it is
estimated that 2/3 of future solar generation will be
from utility-scale projects. Economists believe that
utility-scale operations represent the better
opportunity as they produce cheaper energy in the
long-term. These utility-scale solar arrays have more
flexibility than wind, in terms of location, but the land
requirements for large-scale solar creates the same
issue as for wind, being in more remote areas that can
lack the needed transmission infrastructure.
A study by the American Council on Renewable
Resources (ACORE) found the 15 states between the
Rocky Mountains and the Mississippi River account
for 88% of the U.S.’ wind potential and 56% of the
country’s utility-scale solar potential, but these states
are home to only 30% of projected 2050 electricity
demand. Moving energy generated in these areas is
not only challenging because of the local transmission
network constraints, but also because of the lack of a
nationwide grid in the U.S. with capacity to move large
amounts of power between regions.
To implement the large-scale renewables needed to
de-carbonize society, the transmission network will
need to be improved.

5

| US TR ANSMIS SION MEE TING CARBON REDUCTION COMMITMENTS

Regional grids

The North American grid is composed of four regional
grids: The Western Interconnection, the Eastern
Interconnection, TransÉnergie in Quebec and the
Electric Reliability Council of Texas (ERCOT). These
large grids not only lack the ability to efficiently
transfer large amounts of energy between them but,
more importantly, also lack the internal capacity to
transfer energy from areas with favorable conditions
for renewable energy development to major load
centers. For large-scale development of hydro, wind
and solar to meet emission reduction targets, lack of
intraregional as well as interregional transmission
capacity are major limiting factors.
One of the main challenges with renewable wind and
solar resources is that energy is produced at variable
rates and times. Wind power is only produced when
the wind blows and solar only when the sun shines.
These resources can be curtailed if there is surplus
generation, but wind and solar are not considered
dispatchable resources since they are not available on
demand. This limitation creates timing issues when
balancing load and generation resources. The limited
transmission capacity of the existing U.S. grid
prevents the movement of power between regions,
and often from one part of a region to another to help
address the timing issue.

05 Annual variable
renewable energy sources
(V-RES) real utilization
vs. potentially available
V-RES production
* Enabler: interconnector, energy storage,
flexible demand, etc.
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The timing and location impacts lead to saturation
effects. Such saturation effects occur when energy
from renewable wind and solar generation is curtailed
due to transmission constraints, light load conditions,
lack of energy storage capacity, or the need to
coordinate with other centralized generation
resources. The excess renewable energy that could
have been produced by wind and solar resources
goes to waste. Energy storage facilities and load
shifting programs help with timing issues, but both are
currently limited in terms of capacity and availability.
Also, increased penetration of wind and solar
resources in the grid reduces grid inertia. Grid inertia
is energy stored in large rotating generators typically
found in hydro, fossil fuel or nuclear power plants, but
not present in wind and solar generation resources
that connect to the grid through power electronics.
Current regional grids are developed to harness this
inertia to address small imbalances between energy
supply and demand in the grid. Reductions in grid
inertia due to increased penetration of wind and solar
resources translate to faster decay in frequency when
there is a loss of generation or a major transmission
line. Generation resources connected to the grid
through power electronics also have limited
contribution to the available short circuit current which
can impact the operation of transmission protective
relaying.
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Fortunately, there are still untapped opportunities to
utilize existing and new hydroelectric facilities to boost
grid inertia and storage capacity for renewable energy.
By expanding bi-directional transmission capacity
between areas with major hydroelectric facilities and
areas with high penetration of variable renewable
generation, excess wind and solar power can be
exported to loads that would otherwise be served
from hydroelectric facilities. Hydroelectric facilities can
then reduce output and save water (i.e., energy) in the
dams. Saved water (energy) can later be used to
supply loads at the other end of the transmission
system when wind and solar conditions are less
favorable.
Existing dams in Quebec, Newfoundland-Labrador,
Manitoba and British Columbia provide some of the
most efficient and largest installed storage resources
in North America and there are still vast hydroresources in Canada that have yet to be developed.
(Note: Interconnection of existing hydroelectric
resources in Scandinavia to regions with ambitious
development plans for wind and solar resources - e.g.,
Germany, Holland and the United Kingdom - has
become a major driver for new transmission projects
in northern Europe.) This principle of leveraging water
storage also applies to pumped hydro storage
facilities.
Transmission planning
Before developing a transmission system to effectively
transfer energy between areas with favorable
conditions for development of large-scale renewable
energy generation and major load centers, it is integral
that an overarching energy transmission plan is made.
The most effective transmission plan will understand
the current transmission problems and future
transmission goals to create a set of long-term
development guidelines. It is a complex and multi-level
process where information needs to be collected and
analyzed from all levels of the grid. Stakeholders
include distribution, transmission, and generation
companies.
Each county, state, and energy region currently have
different infrastructure, capabilities, and prospects for
carbon-free generation. Understanding this on the
macro level provides planners the ability to develop a
transmission system that includes long-term plans,
not just addresses current problems. A large part of
this is discerning where large-scale renewables can
and will be produced compared to where they will be
needed. Failing to develop a transmission plan will
lead to future issues, creating many of the same
transmission problems we face today, like a lack of
infrastructure to move renewable energy from remote
locations.

Macro Grid Initiative
Fortunately, this issue is readily understood and there
are research initiatives on the subject already
underway. There also are ongoing efforts to develop
solutions to address this challenge. One such initiative
is ACORE’s Macro Grid Initiative. It aims to “connect
centers of high renewable resources with centers of
high electric demand, enhance grid resiliency and
dramatically reduce carbon emissions.” The initiative’s
goals are being tackled in three steps:
• Expand and upgrade interregional transmission lines
• Increase transmission development at the “seams”
between regions
• Develop a nationwide High Voltage Direct Current
(HVDC) network
While ACORE believes a nationwide HVDC network is
integral to improving the energy transmission system
in the United States, some professionals argue that it
is not necessary, at least not in the short term. They
believe that an HVDC system that bridges the three
‘seams’ between energy regions would be sufficient.
Either way, the first step, and what we need to focus
on today, is facilitating large-scale development of
renewable generation by improving the
interconnection capacity between remote areas with
favorable renewable energy resources and major load
centers. This can be accomplished using HVDC
technology.
HVDC technology
Expanding and upgrading regional transmission grids
helps buyers and consumers get access to an
expanded pool of renewable energy resources. It
integrates low-cost renewables into the existing grid,
while upgrading the grid to handle variable renewable
energy sources. Additionally, enhanced transmission
facilitates increased electrification using carbon-free
generation and ensures grid reliability in the face of
new patterns of electricity demand. For utility-scale
renewables, this is a crucial step in moving energy
from where it is generated to where it is needed.
HVDC technology is a highly cost-efficient and
sustainable method for transmitting large amounts of
electricity over long distances, offering advantages
over alternating current (AC) transmission. With an
HVDC system, the power flow can be controlled
rapidly and accurately in respect to both the power
level and direction. This also improves the
performance and efficiency of the connected local AC
networks. Additionally, even though the four large
regional grids in North America all operate at 60 Hz,
they are not synchronized. HVDC is needed to move
energy between regions because of this lack of AC
synchronization. As an added benefit, such HVDC
links can also help reduce the risk of uncontrolled
propagation of faults in the case of a major disruption.
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06 Sandy Pond HVDC
converter station connects
Quebec's renewable
energy resources to
major population centers
in southern New England.
07 The Pacific Intertie
Celilo converter station
is a 1,360-kilometer
HVDC link that connects
to the Sylmar converter
station in Los Angeles.
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08 The Woodbine
converter station is a part
of the Maritime Link,
transmitting power
between the islands of
Newfoundland and Nova
Scotia in Canada.
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Environmentally, HVDC transmission lines have a
much smaller footprint than AC, only requiring two
physical transmission conductors on the same
transmission tower. This reduces the direct
environmental impact of erecting transmission lines,
which is often a matter of concern around the
development of new transmission projects.
Over the past several years, developments have taken
place that make the benefits of HVDC even more
apparent. Most notably, there have been substantial
improvements in capacity ratings of modern, so-called
HVDC voltage source converters (VSCs), making it
possible to build very high capacity HVDC
transmission systems with ancillary service
characteristics that are similar as those traditionally
provided by fossil fuel-based generation located near
major load centers. Equally important, continuous
development of DC cable technologies have allowed
HVDC systems to be deployed partly or completely
underground over long distances in existing
infrastructure corridors or in submarine environments.
This can be incredibly advantageous in overcoming
public opposition and issues in connection with
permitting and siting of new transmission lines.
Hitachi Energy has a long history developing HVDC
transmission technologies, having developed the first
commercial HVDC transmission systems in 1956.
Since then, Hitachi Energy has continued to make
frequent improvements to HVDC transmission
technology and is currently involved in over 120

projects worldwide. Hitachi Energy now provides a
host of HVDC transmission services that can help to
enhance HVDC transmission developments in the U.S.
Among these capabilities are Modular Advanced
Control for HVDC (MACH), which is a component of an
HVDC transmission solution. MACH is a fully
computerized control system that provides capacity
calculations and enables a high degree of integration
to handle all control and protection functions in an
HVDC system. MACH can also be used to efficiently
control power flow in a multi-terminal HVDC system
that bridges energy regions within the U.S.
A recent study published in the journal Nature Climate
Change concluded that a nationwide HVDC network
built to support wind and solar resources, as
proposed in the Macro Grid Initiative, could deliver
80% carbon emission reductions from the grid by
2030 without increasing electricity costs for
consumers.
Flexible Alternating Current Transmission Systems
(FACTS)
Another way of addressing many of the transmission
capacity issues is to upgrade regional AC
transmission systems with Flexible Alternating Current
Transmission Systems (FACTS). FACTS are powerelectronic based devices that can be integrated into
existing AC systems. They increase the power transfer
capability, stability, and control of the AC system with
series and shunt compensation.
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Key FACTS devices include Static Compensators
(STATCOMs) and Series Capacitors, both designed to
help the grid maximize throughput while remaining
stable through varying power flow conditions.
STATCOMs help AC power systems deal with
variations in voltage and support stability in the grid,
preventing voltage depression. A STATCOM uses VSC
technology to inject or absorb reactive power.
STATCOMs help reduce impacts of faults and other
temporary events and return stable voltage throughout
the grid. This enables more power to be transmitted
over transmission lines. Series Capacitors are inserted
into transmission lines to increase energy throughput
on a given line, thereby reducing overall transmission
system losses and improving stability.
Hitachi Energy offers two STATCOM variants, PCS
6000 and SVC Light. PCS 6000 is a medium-voltage
STATCOM that can be used in a wide range of
markets, like renewables, railways, and industrial and
utility applications. PCS 6000 enables customers to
maximize operational efficiency, asset utilization and
reliability, while increasing network stability and
enhancing power quality. SVC Light, which is geared
toward high-voltage transmission systems, generates
and absorbs reactive power by electronically
processing voltage and current waveforms, which
allows it to supply high reactive power input to the grid
quickly. It is particularly useful for grids that have very
quick changes in voltage that can occur on weaker
transmission grids or in areas with large windfarms.

transmission line. For utility-scale renewable energy
generation, this approach enables reductions in
congestion on existing AC transmission networks and
better management of the impacts of the energy
variability of renewable generation. For longer
transmission corridors, multiple free-standing
capacitors can be used in series.
Connecting renewable energy to the grid
More transmission projects will be needed to
successfully develop areas that are rich in renewable
resources and to connect renewable generation from
such areas to major population centers. Already, some
wind-rich states have successfully initiated and
developed projects linking solar and wind resources to
their regional transmission networks.
The Public Utility Commission of Texas (PUCT)
created Competitive Renewable Energy Zones (CREZ)
in 2008 to link the wind energy-rich West Texas with
the high energy demand of East Texas (See Figure 11
on page 9). The project was completed in 2013 and
consists of 80 individual projects with 3,600 miles of
345-kV conduit, including new and upgraded
substations and FACTS devices. The total project
investment was $6.9 billion, and it has enabled the
development of 27.7 GW of carbon-free wind
generation capacity.

Series capacitors increase power transfer capabilities
of existing transmission lines and stabilize voltage of
the overall transmission system. The series capacitor
lowers the series impedance of the line, which
facilitates more power to be delivered through the

In the Midwest, Midcontinent Independent System
Operator’s (MISO) developed the multi-value projects
(MVP) program. The program includes 17 projects
spanning 9 Midwestern states. Currently 14 of the
program’s projects have been completed with the
remaining scheduled for completion in 2023. The
completed projects have already connected 28 GW of
wind power to the grid.
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09 STATCOM PCS
6000 solution
10 Example of series
capacitors used to
increase power transmission capacity in the
Finnish 400 kV grid.
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Offshore Wind
Looking to the future there is an opportunity and
requirement for many renewable energy projects
throughout the U.S. One resource that is largely
untapped today and expected to see increased
development in the coming years is offshore wind.
Offshore wind resources on the east coast of the U.S.
represent a tremendous opportunity for development
of renewable, carbon-free generation. These
resources, however, present unique locational
challenges and require dedicated transmission
investments.
One of the main challenges with offshore wind is
developing the transmission capacity to connect wind
generation to the onshore grid and ensure adequate
transmission capacity onshore to support the new
offshore resources. There are two options when
connecting offshore wind resources to an onshore
grid: ‘Gen-Ties’ and offshore transmission grids. A
Gen-Tie is a transmission link that is typically
constructed by the wind generation developer to
directly connect the wind farm to the onshore grid.
Offshore transmission grids, in contrast, are typically
developed by a third party and offer a robust
transmission network that can connect multiple wind
farms to the mainland. This allows wind generation
developers to focus on collector systems and links
from their wind farm to the offshore transmission grid.

Offshore wind interconnection systems can utilize
both AC and HVDC transmission lines from offshore
wind sites to onshore terminals and substations,
which in turn transfer the energy to the regional grid.
For each offshore wind project, onshore grid capacity
needs to be studied to determine if additional
transmission investment is needed to avoid
congestion when the offshore wind is interconnected.
To supplement onshore grids, reactive support from
FACTS devices or HVDC VSC terminals can be
implemented to enhance the existing regional
transmission network, improving capacity and
preventing problems from reduced grid inertia and
available short circuit current.
HVDC is often the preferred method for large-capacity
wind projects, since a single DC cable circuit can
transmit 2-3 times more power than an AC cable
circuit. This limits environmental impact and is
beneficial if there are limited landfall options. AC
transmission is typically preferred for smaller capacity
wind farms closer to shore.
One program in development is the Massachusetts
OceanGrid project, which will be an open access
undersea transmission grid to connect several
offshore projects with the mainland. The project is
slated to be completed over a 20-year timeframe and
could potentially connect 16 GW of offshore wind
power to Connecticut, Rhode Island, and
Massachusetts. To support the offshore wind
generation, retired nuclear and coal power plants will
be redeveloped into marine terminals and equipped
with new HVDC converter stations and energy storage
facilities.

11 CREZ projects status
Source: energy.gov
12 BorWin 1 offshore wind
HVDC converter station
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Economic benefits

The development of large-scale, carbon-free energy
generation such as hydro, wind and solar, and the
required grid infrastructure, is not cheap. A study by
the Brattle Group estimates that to meet state-level
carbon-free generation goals, the U.S. will need to
invest $12 to $16 billion annually in transmission until
2030. While this is a substantial public infrastructure
investment, it would represent a great addition to any
economic recovery package and could help offset
negative impacts from the COVID-19 pandemic and
the associated economic downturn. Not only does it
offer direct economic stimulus, it can also lead to the
creation of new jobs and generate long-term monetary
savings. This approach can also help meet GHG
emission goals.
Benefits of the transmission component of this
infrastructure investment will help to reduce
transmission congestion and resource curtailment. It
enables efficient energy transmission and supply,
allowing for cheaper market pricing for energy.

When it comes to direct economic stimulus and job
creation, transmission projects typically take upwards
of 10 years to complete and supply high-quality,
consistent employment. The massive scale of projects
that need to be undertaken will lead to job creation in
nearly every part of the country. The same study by
the Brattle Group found this level of development
could potentially support 150,000 to 200,000 full-time
jobs each year over the next 20-year period and
stimulate $30 to $40 billion in annual economic activity
(sales and resales of goods and services).
A reliable network of carbon-free energy in the U.S.
will support the electrification of transportation, which,
in turn will improve air quality in major metropolitan
areas. According to the National Oceanic and
Atmospheric Administration (NOAA), poor air quality
currently accounts for 60,000 premature deaths and
health care costs of $150 billion per year in the United
States.
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Transmission project challenges

Despite the benefits new transmission projects can
offer in terms of facilitating the shift toward renewable
energy, not all challenges related to electrical
transmission can be solved with technology. In many
cases, political dynamics and regulatory requirements
play at least as important a role in determining the
success or failure of a given project.

objections, have created roadblocks that have slowed
or prevented the completion of some large projects,
raising the prospect of substantial financial risk for
developers. Often this opposition is compounded by
the lack of clear benefit to local communities from
projects that are simply passing through their area,
without delivering obvious, immediate benefits.

This dynamic is particularly evident in the U.S..
Because renewable generation occurs far from load
centers in many instances, transmission systems
needed to carry the generated power frequently cross
state (and occasionally national) borders, passing
through multiple jurisdictions in the process. As a
result, the power to regulate these projects often lies
with state governments, and local communities can
have significant influence on decision-making at this
level. Opposition from local communities concerned
about potential environmental and/or health effects
associated with transmission, coupled with aesthetic

The development of a unified, national planning
process could help eliminate some of this uncertainty.
A national plan could help guide siting decisions and
give some much-needed clarity and confidence to
developers, both of transmission infrastructure and
renewable generation projects, as to the required
steps and likely outcomes of development projects.
Such a plan might also provide a framework for
determining where investments in transmission
capacity could be most effective, in terms of bringing
the needed flexibility to grids that would encourage
greater reliance on renewable generation.

Conclusion
To reduce the nation’s carbon footprint and meet GHG
emission goals, we need to implement large-scale
carbon-free generation resources and reduce the
number of internal combustion engines on our roads.
Currently, the largest hurdle for this development is
modernizing the transmission grid to accommodate
electrification and renewable energy generation.
Investing in transmission system technology that
expands the capacity to transfer energy from areas
with favorable conditions for renewable energy
development to major load centers and that bridges
regional seams is crucial to meeting these goals.

Despite these challenges and large financial
investments, de-carbonizing society will create longterm economic, social, and health benefits for the
country. As countries, governments, states, provinces
and companies contemplate the benefits of moving
forward with a de-carbonization agenda, it cannot be
accomplished without responsible planning and timely
investment in the transmission backbone that allow
that energy to flow to where it is most needed. When
combined, the potential for transmission investment
coupled with renewable energy development can be a
powerful contributor to economic growth, job creation
and prosperity.
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