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* Increase its R&D in basic electrochemistry to identify the materials and electrochemical
mechanisms that have the highest potential for use in grid level energy storage devices.

Long-distance Transmission

The advent of solar and wind renewable energy generation brings new challenges for the
collection and long distance transmission of renewable energy, and for distribution of
renewable electricity in power-congested urban areas. Renewable sources are typically
distributed over large areas in the upper central and southwestern United States, far
from demand centers east of the Mississippi and on the West Coast (see Figure 9).This
means new large area collection strategies and new long distance transmission capability
are required to deliver large amounts of renewable power a thousand miles or more
across the country. Like the US road system before interstate highways, the power grid
is designed to serve local and regional customers with local and regional generation
and delivery infrastructure. To adequately address our national energy needs in the
renewable energy era, the grid must change its character, from a locally-designed, built
and maintained system to one that is regionally and nationally-integrated. Delivery of
increased renewables-based power to urban areas also presents new challenges. Today,
82% of the US population lives in urban or suburban settings®* where power use is
high and demand for increased energy is,and will continue to be, strongest. Renewable
electricity from remote sources helps to meet this demand without increasing carbon
dioxide emissions. However, the additional power currently must be distributed over
infrastructure designed and installed to meet much smaller needs. Congestion on existing
lines inhibits growth, and as urban areas expand and merge, the area over which power
distribution needs to be coordinated grows. The urban setting makes installation of
new lines to meet demand growth expensive and challenging because of the difficulty in
securing new “right of way” permits.This delays the installation of new distribution lines
up to 10 years and loads the existing lines well beyond their design limits.

Figure 9.

The large separation between
renewable sources and demand
centers requires new long distance
transmission lines.

Source: Map based on information from NASA and the National Renewable Energy Laboratory.
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Long Distance Transmission Options

Until recently, long distance delivery of electricity over several hundreds of miles re-
mained a specialized area of technology with a fairly small demand and footprint. Most
cities are served by nearby fossil coal or gas generation plants, requiring transmis-
sion over short distances. An exception is hydroelectric generation in Canada and
the northwest US, which produces large amounts of power far from demand cen-
ters and justifies long distance transmission. For distances greater than a few hun-
dred miles, direct current (DC) transmission is favored over alternating current (AC)
for its lower electrical losses and lower cost. The challenge for DC transmission is
the conversion technology from AC sources to DC transmission and back to AC
for use.The first commercial high voltage DC transmission lines in 1954 used mer-
cury arc converters for AC-DC conversion, replaced by semiconductor thyristors®
in 1972,and by insulated gate bipolar transistors (IGBTs) in the 1980s.Although technical
progress is reducing the cost of semiconductor power electronics, the cost and technical
challenge of AC-DC conversion is still a major barrier for increasing DC transmission.

The mandated growth of wind and solar generation through Renewable Portfolio
Standards (RPS) to 20% or 30% of electricity supply by 2020 or 2030 dramatically changes
the landscape of long distance transmission. Such large fractions of renewable power
often are not found within a 100 miles of urban load centers,and community concern
about visual esthetics creates barriers to installation of the large scale wind or solar
plants needed to supply such population centers. Rooftop photovoltaics can alleviate
some of the need for long-distance transmission, but often at a higher cost than wind or
concentrating solar power, and with smaller but significant esthetic concerns. Renewable
portfolio standards and the development of large-scale wind and solar resources require
a significant investment in raising the capacity and efficiency of long-distance electricity
transmission.This long distance transmission challenge is exacerbated by the historically
low investment in transmission in the U.S. From 1988—1998 electricity demand grew by
30% while transmission increased by only 15%. From 1999—-2009 demand grew by 20%
and transmission by only 3%.3

Direct Current Transmission Options

The looming investments in long distance electricity transmission justify a close look
at the technology choices available to meet the need. Electric power is proportional
to the product of current and voltage, while losses are proportional to the square
of current. Raising voltage and significantly lowering current reduces losses when
transmitting high power over long distances requires. For example, the largest high
voltage direct current transmission project, the Xiangjiaba line terminating in Shanghai,
China, operates at 800 kV and delivers 6 GW of power over 2000 km.* Such high
voltages strain the capability of semiconductor power electronics to interconvert
between AC and DC, driving up the cost and limiting the penetration of conventional
DC technology.The losses in such a long DC transmission line can be as high as 10%.%
While high voltage DC is the preferred transmission mode for long distances, there
are drawbacks to implementing it for renewable electricity transmission. It requires a
single point of origin and termination, precluding wide area DC collection and end user
distribution schemes. In addition, the high voltage requires expensive and technically
challenging conversion by semiconductor power electronics between AC and DC, and
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Figure 10.

Superconducting cables made from
tapes like those shown on the right
carry up to five times the power of
conventional copper in the same
cross sectional area. (Courtesy of
American Superconductor)

it requires unsightly towers and substantial right of way that can take a decade or more
to gain approval in all the relevant—but uncoordinated—regulation zones. Despite these
drawbacks, conventional high voltage DC transmission is a mature technology that can be
implemented to meet renewable electricity transmission needs over moderate distances.
Additional high voltage DC transmission within one- or two-state regions is needed to
link regional renewable electricity sources to population centers.

Underground superconducting DC transmission lines are an emerging option that
offers a potential route to a national renewable electricity transmission system.* 4.4
Superconducting DC lines operate at zero resistance, eliminating electrical losses for
any transmission length. Because they eliminate loss and produce no heat, superconduc-
tors carry much more current and power than conventional conductors (see Figure
[0). Without losses to minimize, there is no need to raise voltage and lower current
to extreme levels. Operation at 200 kV—400 kV enables multi-terminal “entrance and
exit ramps” that collect power from several wind or solar plants and deliver it to
several cities as it makes its way east or west. Recent feasibility studies by EPRI show
that superconducting DC transmission lines carrying 10 GW of power 1600 km can be
integrated into the grid, while maintaining transient and short term voltage stability.*

While superconducting DC cables have no electrical losses, they require refrigeration
to maintain tham at superconducting temperatures, often to the point of liquid nitrogen,
77 k.Technology development of refrigeration systems and dielectric for electrical
insulation that operate effectively at these temperatures are needed to lower the
cost of long-distance superconducting transmission. Superconducting DC transmis-
sion couples naturally with superconducting magnetic energy storage (SMES), where
electrical energy is stored in superconducting magnets with low loss, deep discharge
capability and fast response time.The potential synergies of DC superconducting trans-
mission and SMES are promising and remain to be evaluated. Laboratory demonstration
of DC superconducting cable has been carried out at Chubu University in Japan.*
A proposal for a DC superconducting electricity “pipeline” is shown in Figure I1.
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Figure 11.

The proposed DC superconductor
electricity pipeline for carrying large
amounts of renewable power long
distances. This network provides
an interstate highway system for
electricity. (Image courtesy of
American Superconductor.)
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Long distance transmission offers a partial solution to the variability challenge of renew-
able energy. Balancing generation with load typically takes place within a local or regional
balancing area with sufficient dispatchable conventional resources to meet load fluctua-
tions. Aggregating wind power over many wind plants substantially increases reliability
and decreases fluctuations, reducing the need for conventional reserves and lowering
COSt.47'48'49‘5°

The complexity of balancing over large areas with many generation and load resources
eventually limits the size of the balancing area. Even in this case, however, long distance
transmission plays a role. Generation excesses and deficits across the country can be
anticipated by forecasting and matched over long distances to balance the system. An
excess of wind power in the upper central US might be balanced by transmission to
a power deficit in the East. Under these conditions specific excesses and deficits are
identified and balanced much like conventional generation is switched in or out to balance
load at present.With adequate forecasting, such specific opportunities can be identified
and arranged in advance and executed dynamically as the situation develops.** This
distant generation balancing requires additional high-capacity long distance transmission
that is operator controllable by power electronics, allowing excess generation in one
area to be directed to specific targets of deficit far away, instead of getting sidetracked
in the grid by local conditions
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Urban Power Distribution

Urban distribution capacity remains a significant challenge to the user side of the grid.
Congestion of power lines in cities and suburbs and the high cost and long permitting
times needed to build new lines could all hold back increasing the use of renewable
electricity. However, the use of superconducting AC cables that carry five times the
current of conventional cables in the same cross-sectional area could solve this problem.
Three demonstration projects in the US have used superconducting AC cables to deliver
electricity in the grid, proving that this approach is technically sound. For example, the
Long Island Power Authority has relied on a superconducting underground AC cable to
deliver 574 MW of power since 2008. Replacing key conventional cables in urban grids
with superconducting counterparts would provide sufficient capacity for decades of
growth without the need for new rights-of-way or infrastructure.’!

Although the performance of superconducting cables far exceeds that of conventional
cables, the cost is still too high to achieve widespread penetration. Research and de-
velopment is needed to bring this technology to the commercial tipping point. Despite
the promise of superconductivity for renewable electricity transmission and for urban
power distribution, DOFE’s Office of Electricity Delivery and Energy Reliability (OE)
program for research into high temperature superconductivity for electric applications
will be eliminated in 2012.

Recommendations:
DOE should:

* Extend the DOE/OE program on High Temperature Superconductivity for 10 years,
with focus on DC superconducting cables for long distance transmission of renewable
electricity from source to market; and

* Accelerate R&D on wide band gap power electronics for controlling power flow on
the grid, including alternating to direct current conversion options and development of
semiconductor-based circuit breakers operating at 200 kV and 50 kA with microsecond
response time.
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The Business Case

Utility renewables investments are typically assessed from the regulatory, project finance
and technical perspectives.The regulatory assessment focuses on ensuring utility compli-
ance with renewable portfolio standards (RPS), and that imprudent cost overruns are
avoided. . The project finance oversight looks at economic merits of the investment
within discrete funding and cash flow boundaries exclusive to the project under review.
The technical assessment evaluates project’s engineering and operational risks and the
specific technologies involved.

While these conventional views are important for the investors, utilities, regulators and
ratepayers, they do not fully capture the set of benefits that a renewables investment
can deliver beyond the boundaries of a given project. Accounting for these additional
benefits in an expanded business case can enhance the profile of the renewables invest-
ment, but more importantly, such an evaluation will recognize the synergies inherent in
the integration of renewables with the grid.

Significant Value at Stake

Before discussing the current structural challenges that prevent the full accounting of
value created from the integration of renewable energy and the grid, it is important to
outline the benefits that are delivered and those typically overlooked.

Understanding of the benefits of combining centralized and distributed renewable energy
is in its early stages.

Through a number of recent studies to assess different value drivers associated with
grid integration, the Department of Energy (DOE), along with several national labs,
is beginning to understand the value of renewables on the grid. Because grid-based
large-scale storage is in its infancy, there is limited knowledge and a cautious approach
remains when extrapolating potential benefits from pilot, one-off projects, to larger scale
deployment on the grid.

However, as the deployments continue and grow in penetration, as technology improves
significantly for hardware and in power electronics, and as software and information
technology is created to derive further value from the integration of renewables into the
grid, there is growing confidence in the nature and size of benefits that can be generated.

There are a number of benefits at stake, which can be synthesized into several key areas:

* Flexibility in generation that can lower overall system peak consumption
requirement

* Distributed generation that goes beyond peak reduction to overall consumption
reduction

» Addition of storage of renewables increases the capabilities in managing peak
and overall energy consumption

» Additional grid stability with the capability to provide ramp-up/ramp-down of
power

* Distributed generation that helps maintain local supply continuity
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A variety of secondary and tertiary benefits is also generated, but may be less certain
at this point. These benefits will become clearer as deployments of both centralized and
distributed renewables generation increase.

Current Challenges

A number of challenges continue to drive a more narrow view of the value of renew-
ables benefits. Some of these challenges are driven by the structure of the utilities and
renewables industry, while others reflect the lack of knowledge—given the early stages
of the industry—that the industry has in technically integrating and seamlessly operating
renewables into the grid. The key factors include:

* Beyond the grid boundary: renewables projects are typically seen as generation
projects and, therefore, the value they bring to the grid is not seen as a primary
benefit

* Uncertainty on what the benefits are: there are significant challenges in actually
estimating the benefits that an intelligent connection from a renewable into the
grid delivers.This requires a complicated engineering and financial analysis involv-
ing power markets, storage potential, time shifting of usage, peak consumption
reductions and the consequences on prices paid.This enters a level of complexity
with many unknowns.

* The mandatory “game”: The mandatory nature of RPS often negates the need
to account for the full benefits that a given project delivers. As long as project
economics work the project is justified. The corollary to this is that utilities and
renewables developers often perceive the actual integration as an exercise in
justifying the rate basing of enabling equipment (such as inverters, instrument
transformers, and back-up generation). In addition, many stakeholders (e.g.,
regional transmission operators) view system investments to enable integration
as critical to maintaining system stability; hence, investments are made based
on risk/consequence rather than with an understanding of the financial upside

* Too theoretical: Given that technologies are still developing and industry experi-
ence is still limited, skepticism is common and many view these benefits as
too theoretical. To date, the focus has been on getting renewables to run well
operationally rather than on the full benefits that the grid integration can deliver.

These challenges are preventing the inclusion of value that is generated by integrating
renewables with the grid.

The Importance of Uncaptured Benefits

Appropriately accounting for the full benefits that renewables can deliver strengthens
the case for the renewables investments and their integration with the grid. Key factors
important to consider include:

* Achieves a strengthened net present value: as additional sources of value beyond
the project boundaries are incorporated, the overall net present value of the
project is enhanced. The value of renewables to both the generation and the
transmission and distribution sides of renewables investments can be captured.
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* Brings a broader set of stakeholders into alignment: pushing to assess and include the
benefits to both the grid and the generation side will also help push alignment
across multiple stakeholders which include regulators, utilities, developers, cogen-
eration, commercial and industrial customers,and ratepayer groups.A number of
stakeholder groups have conflicting views on the costs of renewables and who
and how to pay for these investments. Defining the additional sources of value
should help create additional ground for agreement across stakeholder groups.

 Creates an important fact-base: by bringing attention to the additional benefits
that can be included into the broader renewables business case, an important
fact-base is created which goes a long way to mitigate the skepticism around
both the sources and estimation of value from renewables and grid integration

* Develops an integrated picture: bringing the generation and the transmission and
distribution aspects into a single view unifies the operation of the grid with
distributed resources such as non-centralized wind-based renewables. This is a
key issue given the significant discussion taking place on the utility of the future,
and the role of distributed generation and renewables.

Documenting these benefits spans both hard benefits—such as net present value—and
soft benefits such as developing an integrated picture.All these benefits are important
and are collectively required to enhance the capabilities of the grid.

Recommendations:

The Federal Energy Regulatory Commission (FERC) and the North American Electric
Reliability Corporation (NERC) should:

* Develop an integrated business case that captures the full value of renewable genera-
tion and electricity storage in the context of transmission and distribution; and

* Adopt a uniform integrated business case as their official evaluation and regulatory
structure, in concert with the state Public Utility Commissions (PUCs).
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