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Introduction

he electric transmission grid is divided into three major electrical zones — The Eastern

Interconnection, the Western Interconnection and the Texas Interconnection (see Figure 1
below). Each operates as a single synchronous machine. The grid, customer loads and
generators must be operated seamlessly across each of the interconnections. The grid must
be able to accept supply from existing and new power plants of all fuel types, and must deliver
the electricity to users in a manner that meets all applicable reliability standards and enables
the implementation of federal and state environmental policy goals. Customers expect
uninterrupted service at all times. The grid must also enable end use efficiency and must
operate efficiently itself, minimizing the energy lost between the points of production and
the customer.

Eastern
= Interconnection . )/

Western
Interconnection

W 230,000 volts
B 45,000 volts
M S00,000 volks
B 75,000 volts
I High-volkage direct current

Texas
Interconnection

Figure 1 (Major Electrical Interconnection Zones)
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The existing grid has served the country well, and its development has been recognized as
the greatest engineering achievement of the 20th century, but the needs of the nation in the
21st century require that the grid be reinforced. Key factors driving the need to upgrade the
grid include expected expansion in the use of renewable generation resources, introduction of
new end-use technologies, such as plug-in hybrid electric vehicles, and advances in informa-
tion technologies that create the opportunity to enhance grid operation and improve efficiency,
while maintaining appropriate security.

IEEE-USA's recommendations are intended to highlight the key priorities that must be ad-
dressed to achieve this vision. IEEE has significant expertise to contribute to the ongoing
debate on national energy policy in this country. IEEE-USA has published policy recommenda-
tions for the Smart Grid, expanding our nation’s transmission infrastructure and energy storage.
This document is intended to provide additional background information to support IEEE-USA’s
recommendations.
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6 | 1 Transforming the Network
into a Smart Grid

An electric power system has two infrastructures:
e An electric infrastructure that carries the electric energy in the power system, and

e Aninformation infrastructure that monitors, controls and performs other functions
related to the electric infrastructure.

The existing electric power grid has long been designed to withstand numerous problems,
including equipment breaks, thunderstorms, curious animals getting into substations,

and drivers crashing cars into distribution poles. System operators rely on the intelligence
that comes from electromechanical automation - Intelligent Electronic Devices (IEDs) -
sophisticated control centers that enable operators to view the state of the system second
by second, and perform on-line studies that anticipate grid malfunctions effects. Redundant
communications and computer systems are used to operate the grid, such that control is
passed seamlessly from one to another when a computer fails. These functions have been
part of the electric grid for many years.

However, computer and communications technology advances at a much more rapid pace
than is prudent for upgrading power grid field equipment. As a result, the technology in the
grid tends to lag, sometimes by decades. The older technology tends to be relatively inflexible,
and upgrades to satisfy new requirements tend to be disruptive. Newer computer and
communications technology has developed standards that provide greatly enhanced flexibility
and enable new requirements to be supported and improved capabilities introduced with
minimal disruption.

The information infrastructure of the grid is now challenged to meet a variety of new require-
ments, including integrating renewables, supporting new market concepts, implementing
comprehensive security, helping improve energy efficiency, and accommodating new uses of
electricity, such as plug-in hybrid electric vehicles.

Title XlII of the Energy Independence and Security Act (EISA) 2007 mandates a Smart Grid that
modernizes and improves the information infrastructure. The Smart Grid encompasses the
information and control functionality that will monitor, control, manage, coordinate, integrate,
facilitate, and enable achievement of many innovation benefits envisioned for national energy
policy. The principal focus of the Smart Grid effort is to identify the requirements of the new
information infrastructure, and to define a body of compatible (interoperable) standards to be
used in its implementation.
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Examples of Smart Grid functionality include:
e |mprovements to the power delivery system

e Enabling defensive strategies to detect and address problems before they become
widespread grid disturbances

e Enabling widespread Integration of alternative energy sources and providing a means
for mitigating their intermittency

e Expanded interaction with customers and loads

e (Qreatly expanding the connection of end-user loads to grid information and control to
facilitate energy efficiency improvements

e Providing the necessary information and control to integrate plug-in hybrid electric
vehicles into the grid

As the functionality is being developed information assurance needs to be designed in rather
than added on.

The following explanatory material is organized around the specific recommendations con-
tained in the IEEE-USA National Energy Policy Recommendations related to the Smart Grid.

Recommendation: Fully fund previously authorized EISA legislation to support the
Smart Grid effort

IEEE-USA applauds the funding provided in the American Recovery and Reinvestment Act.
This will accelerate Smart Grid development and implementation.

Recommendation: Support reference implementations development for Smart Grid
standards, to help rapidly resolve technical issues and ambiguities, either prior to or
immediately following, adoption by Standards Developing Organizations (SDOs)

The Smart Grid is focused on standards mainly for the information infrastructure. Many, if

not most, traditional standards involve technologies that are well-understood -- but need some
common agreements to make them more easily usable. Examples include dimensions of parts
that need to fit together, measurement procedures, and category groupings of test conditions
for equipment operating environments (such as temperature and humidity). Unlike other
common standards, standards related to information technology often represent new systems
designs. Research and development is required to demonstrate that proposed standards

are feasible, unambiguous, and interoperable. A major example is standards for the Internet,
developed by the Internet Engineering Task Force (IETF).One means of focusing the required
R&D is development of one or more reference implementations, such as the IETF requires.

A reference implementation creates a definitive interpretation of the draft standard. The refer-
ence implementations are usually openly available, allowing them to be studied by prospective
standard implementers. The reference implementations also provide the “gold standard” for
testing to ensure conformance. Focusing the required Smart Grid R&D on developing
reference implementations will ensure that the standards are feasible, unambiguous and
interoperable, and will provide the basis for conformance testing.
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Recommendation: Work with Standards Development Organizations (SDOs) to
address issues in SDO practices that delay development of Smart Grid standards,
or act as barriers to their widespread deployment.

Unlike Internet standards, and many other standards relevant to the Smart Grid that are openly
developed and freely downloadable, major SDOs address the electric power charge for copies
of their standards. For some key Smart Grid standards, these charges are in the thousands of
dollars for an electronic copy restricted to a single user. This practice has the following effects:

e (Constraints imposed to protect standards sales prevent timely comment by knowledge-
able experts, and slow the Smart Grid standards development process, threatening its
desired acceleration.

e The high cost of a complete initial set, and frequent full-cost revisions, inhibit small busi-
nesses, academic projects and individuals from implementing Smart Grid standards.

e Experts regard the costs and associated constraints as a serious impediment to proper
cyber security evaluation. This impediment may apply as well to thorough, integrated
engineering analysis.

These cost issues present serious challenges that will need to be addressed.

Recommendation: Work with state regulators, the National Association of
Regulatory Utility Commissioners, and the Federal Energy Regulatory Commission
Smart Grid Collaborative to resolve issues of ratepayer involvement, especially for
standards that have benefits focused on national security, energy independence or
difficult-to-quantify issues.

In various venues, regulators and legislators have made it clear that they expect the Smart Grid
to result in rate reductions to ratepayers. The justification is that the Smart Grid is intended

to improve efficiency, that it should result in cost savings, that Smart Grid implementation will
have to be funded by ratepayers, and the savings should result in payback to the ratepayers
through reduced rates.

Regulators will need to consider that Smart Grid benefits go beyond energy efficiency, when
approving Smart Grid investments:

e The Smart Grid will facilitate use of alternative generation that supports energy
independence. Energy independence is a matter of national security.

e Components of the Smart Grid will need to have strengthened cyber security.
Cyber security issues are discussed in more detail below and also involve both national
security and individual privacy.

e Numerous Smart Grid benefits that defy quantification will likely develop. Examples
include the flexibility to accommmodate new requirements, the ability to accommodate
innovative grid technology, and the ability to support innovative regulatory concepts, all
without major replacement of existing equipment.
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The flexibility will help avoid future rate increases as new technology or requirements arise,
but the exact benefit might not be quantifiable until the situation arises in the future. The issue
of equity between ratepayers and the general public in funding solutions that benefit national
security will also arise. The relevant regulatory bodies should take these factors into account.

Recommendation: Provide R&D to address issues regarding access to Smart Grid
functionality and benefits by technologically challenged and economically challenged
residential customers.

Some Smart Grid technologies may require residential customers to acquire and use relatively
sophisticated devices, such as thermostats and appliances that receive prices from the grid and
to decide whether to operate based on their own decision criteria. Customers who cannot
afford the devices, and customers who have difficulty in using the devices, may lack the ability
to use such devices effectively.

R&D will be needed to simplify and minimize the costs of the sophisticated devices, to
develop design principles, and to identify Smart Grid concepts that best match the capabilities
of customers. The R&D should extensively test the principles and concepts with users of all
capabilities.

Recommendation: Coordinate Smart Grid efforts with advanced broadband
deployment.

Many functions in the existing electric grid information infrastructure continue to use commu-
nications technology similar to that used in the 1980s and early 1990s for personal computer
dial-up connections. That kind of technology does not have the capability to support the kinds of
functions needed in a Smart Grid. Standards that are recognized candidates for the Smart Grid,
and provide the kinds of needed functionality, tend to require higher bandwidths.

In addition to funding the Smart Grid, the American Recovery and Reinvestment Act also funds
advanced broadband deployment. The vision is to make advanced broadband ubiquitous. Such
advanced broadband can provide the bandwidth to enable deployment of protocols that provide
the advanced functionality needed in the Smart Grid.

Recommendation: Devote adequate attention and resources to the cyber security
of critical Smart Grid control systems and software.

The Smart Grid will significantly expand the scope, functionality, and capability of the informa-
tion infrastructure. The downside to this advance is potentially increased risk of malicious cyber
attack. Examples of potential attackers include hostile foreign governments, organized crime,
terrorists, market manipulators, and disgruntled employees.

In recent years, cyber security in electric power systems has received increased attention at
the federal level. This included adoption by the North American Electric Reliability Corporation
(NERC) of Ciritical Infrastructure Protection (CIP) standards enforceable under the 2005 Energy
Policy Act.
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EISA 2007 mandates cyber security throughout the Smart Grid. However, federal jurisdiction
extends only to transmission. The distribution system, metering, and several other areas
addressed in the Smart Grid are under state jurisdiction. Many concepts developed at the
federal level can be adapted for use in state jurisdictional parts of the grid, but will require effort
and attention by state regulators. It is likely to be less costly, and will provide better security to
have common, nationwide requirements.

Cyber security standards share the research and development needs of other information
technology standards to ensure that they are feasible, unambiguous, and interoperable.

In addition, such standards require specialized testing to ensure that they provide the necessary
level of security protection.

In conclusion, developing and implementing the Smart Grid will require a comprehensive
approach fully supported by research and development, and one that balances technical
considerations with other policy concerns.
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Developing an Expanded
Transmission System

National Need for Strengthening the Electric Transmission System

Many proposals have been advanced for expanded utilization of nuclear, wind and renewable
sources of electric power to reduce CO2 output and dependence upon imported fuels. Requir-
ing significant reinforcement and expansion of the nation’s high voltage electric system seems
likely to meet U.S. national targets for expanded use of carbon-free generation. The following
briefly describes current and projected challenges in developing a transmission grid strong
enough to enable expanded use of utility-size, clean energy projects, while still maintaining
compliance with federal reliability standards.

Historical Development of the System

The existing infrastructure represents a very large capital investment and must be the starting
point for future expansion. The current electric transmission grid was not centrally designed
but evolved. Utilities historically designed and operated their generation and transmission
systems in a vertically integrated manner to meet local requirements. In some parts of the
country, utilities joined power pools to enhance operating reliability and improve operating
efficiency across regions wider than those of each individual utility. Over the years, all

utilities became more interconnected to enhance reliability and realize economic benefits
through purchase and sale of power.

In the 1990s and continuing into the current decade, the electric industry’s planning and operat-
ing environment changed substantially. Two changes in particular have had a substantial impact
upon the grid. First, the Federal Energy Regulatory Commission (FERC) issued Orders 888 and
889 to promote open access to the transmission system. These orders affected the relationship
between the generation and transmission functions of utilities, and affected the planning pro-
cess, because it allowed generators not owned by local utilities to more easily connect to the
system. Planning the system became more complex, because more independent parties were
involved in the decisions. Second, the Energy Policy Act of 2005 (EPAct) established mandatory
national reliability standards approved by the FERC and administered by the North American
Electric Reliability Corporation (NERC).

In 2007, FERC also issued Order 890 to ensure that planning processes at local, regional and
inter-regional levels were conducted in an open and transparent manner, with the opportunity
for all parties to submit meaningful comments. Order 890 also mandated economic planning
processes, in addition to the traditional planning, to meet reliability standards. The object

of economic projects is to reduce electricity costs to consumers that pay for the economic
upgrades, Finally Order 890 mandated provisions for allocating costs and the recovery of
those costs.
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Current Conditions

The new regulatory regime implemented in the past fifteen years has fundamentally changed
the way utilities design and operate their systems, as compared to the previous century. The
vertically integrated business structures of many utilities evolved into more horizontal struc-
tures. Wholesale electricity trading markets were formed under FERC-approved tariffs, and
businesses were allowed to transact using market-based rates. Merchant generation and retail
access companies were formed to take advantage of open access to the transmission sys-
tem. Independent System Operators (ISOs) and Regional Transmission Organizations (RTOs)
replaced the prior power pools and now oversee the provision of reliable transmission service,
the conduct of wholesale markets and the reliable operation of the grid in many, but not all,
regions of the country. NERC became the Electric Reliability Organization (ERO) under FERC,
as mandated by the EPAct of 2005.

As a result of these changes, the number of participants in wholesale electric markets ex-
panded by orders of magnitude, and the administrative and technical complexity of managing
the system grew in parallel. In all regions of the country, RTOs and utilities must now conduct
transmission planning in a manner that provides open access to third parties. Under this more
horizontal industry structure, electric system planning has become more difficult. In addition,
the planning processes in each of the regional ISOs and RTOs are dissimilar. They also differ in
some key respects, one being the planning processes in regions without ISOs/RTOs. RTOs,
as well as many utilities, face a situation in which the transmission system is, to a large extent,
planned around choices made by independent generation developers.

Generation developers first propose where the generation is to be located, and then the Trans-
mission Provider must respond. The Transmission Provider can give the developer only limited
information, because transferring detailed information about grid operation can be deemed to
provide a competitive advantage. The planning process has now become more of a sequential
process rather than a combined process, as performed under vertical integration. RTOs under-
stand the integrated nature of generation and transmission planning, but unlike the historically
vertically-integrated utilities, they do not have the ability to determine where new generation
will be built. Determining cost responsibility for transmission upgrades has also proven to be

a thorny issue in this environment.

Recommendation: Provide incentives to develop a national transmission system,
with the needed additional capacity capable of cost-effective and environmentally-
sensitive electric delivery, from major, new generation sites and existing generators
to major population centers and loads.

It is critical to understand that planning and developing the grid for renewable resources cannot
be separated from planning for the grid as a whole. Planning is an integrated process, where
the reliability plans at the lower voltage portions of the system are folded into the plans for the
higher voltage portions of the system. High capacity remote transmission cannot be planned
separately from local and regional transmission infrastructure, since this would likely result in
violations of mandatory NERC reliability standards, which at the extreme, may lead to blackouts
of the type experienced in 2003. In addition, a fully coordinated plan is required to maximize
efficiency of the grid. Approximately three percent of total electricity produced is lost in the
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transmission system. Finally, expanded use of customer located renewable generators, energy
storage and new technologies such as PHEVs will affect planning, design and operation of the
high-voltage grid. These distributed resources must also be incorporated into a comprehensive
planning process for the grid.

Expanded use of wind and solar energy presents certain unique challenges to the operating
the electric system. Qutput of these resources is often unpredictable and uncontrollable by
system operators, yet mandatory NERC reliability standards require that output and demand
be balanced at all times to maintain grid stability. Variability of renewable generation may also
cause frequent and potentially rapid changes to flows on equipment that can lead to failures
and loss of power to customers, if not properly accounted for in system operation and design.
In many cases, the renewable energy source may be remote from the customers that

use it. The grid must have a robust design, and be operated in a sophisticated manner to
accommodate the characteristics of these resources. Flexibility must be built in.

Recently, considerable attention has been given to the grid’s role in delivering renewable
resources, but a national consensus on the need to expand the grid for connection and
delivery of all generation sources has not been firmly established. Current regulatory and
market structures do not always enable or efficiently facilitate construction of the specific
transmission upgrades needed to achieve energy independence, and to increase reliance on
renewable generation sources. Financial risk in developing wind and other generating plants is
increased by the continuing uncertainty surrounding the availability of adequate transmission
capacity.

The absence of a properly planned and sufficient transmission system may, in and of itself,
prevent implementing proposals for greatly expanding utilization of wind, solar and nuclear
power. Sufficient transmission capacity must link wind farms and power plants to customers
simply to make the resources accessible to end users, whether such resources are located in
the wind-rich Great Plains, or off-shore areas. In either case, expansion of the transmission
system will be essential to enable the delivery of this energy to customers and businesses.

To achieve this objective, it is therefore essential to assure that a well coordinated federal/state
regulatory structure is in place with the appropriate incentives to enable technically sound and
cost efficient expansion of the grid.

Recommendation: Reform the state-by-state approval process for routing and
siting, to ensure that delays in transmission construction do not also delay progress
in expanding the use of renewable energy and achieving national clean air goals.

In many parts of the country, it has also become more difficult to plan for siting major genera-
tion resources, because of the uncertainty of the regulatory process to obtain routing approval
for new transmission lines. Siting new transmission has been increasingly difficult, due to the
myriad of permits required at federal, state and local levels. Further, the interconnected nature
of the grid makes some transmission siting decisions seem counterintuitive to those not inti-
mately involved in the regional planning process. Siting and building a new transmission line in
one geographic area may, for example, free up transmission capacity for renewable generation
hundreds of miles away.
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There is broad technical consensus that the construction of new transmission lines will be
needed to achieve the ambitious targets being contemplated for renewable generation, as a
percentage of total electrical energy generated in the United States As described above, an
integrated regional and interconnection-wide planning process is the only way to ensure that

a fixed and timely investment in transmission returns the maximum benefit toward promoting
clean or renewable generation. For example, construction delays caused by decentralized and
often conflicting siting and permitting requirements for new transmission are likely to also delay
the realization of national goals for renewable resource integration -- and ultimately the goals for
reducing greenhouse gas emissions.

Recommendation: Revise and optimize rate structures and cost allocation
policies. Current utility rate recovery criteria need to be revised to ensure it
supports equitably implementing a strategic expansion plan for the national grid
for all energy consumers.

Expanded regulatory incentives and government subsidies for developing new renewable
generation must be accompanied by awareness that a new regulatory construct is needed to
support transmitting large amounts of renewable energy from remote sources to load centers,
as well as to deliver the output of existing and new fossil fueled and nuclear generation.
Current FERC approved procedures assign the cost of incremental grid upgrades for connecting
new power plants to the developers of the generation. Such an approach generally works

well under normal circumstances because the cost of the required upgrade is assigned to the
beneficiary; however, using only this approach may not be most effective in providing a grid
that is optimally configured to meet broad national policy goals for energy independence and
CO2 reduction and to balance the cost-effectiveness of local and remote renewable resources.
It is unlikely that new renewable generation developers alone will be able to carry the burden
of paying for the full scope of transmission needed. A coordinated federal and state review

of transmission cost recovery mechanisms is needed to assure that costs of transmission
investment are fairly assigned and recovered through rates and that the overall rate design
supports achievement of national goals at a reasonable cost to consumers.

Recommendation: Direct the industry, through the North American Electric Reliability
Corporation (NERC), to undertake a national power system survey at five-year inter-
vals, to provide long-range guidance on the need for a stronger and smarter electrical
energy infrastructure.

Because technology and the needs of the country will evolve over time, and because of the
long lead time needed to put transmission infrastructure in place, IEEE-USA recommends that
a long-range strategic review of the grid be performed on a periodic basis, to help assure that
the regional plans developed by the RTOs and utilities remain aligned with broader U.S. national
policy priorities.
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Consequences

IEEE-USA's recommendation to expand the transmission system, reform the routing and siting
process, and optimize transmission rates and cost recovery are intended to address transmis-
sion issues in a manner consistent with achieving national goals for improving utilization of
clean and renewable energy, and reducing dependence on foreign oil. Expanding the nation’s
transmission system, as recommended by IEEE®USA, would have the following consequences:

e Result in an reliable and efficient interconnection-wide transmission system based on
rolling up local and regional plans;

e Provide greater customer access to local and remote sources of domestic renewable
energy, helping to achieve a cleaner environment;

e Improve reliability by enabling compliance with mandatory reliability standards

e Provide greater system flexibility for siting new inland or off-shore wind farms and other
generation sources, potentially reducing the time and risk involved in developing these
resources

e Reduce dependence on foreign oil by having a transmission system that can support the
electrification of the transportation sector

* Provide greater system redundancy and the flexibility needed to enable reliable
implementation of PHEVSs, electricity storage technologies, and/or small renewable
generators located at customer sites

e |mprove national security by providing greater redundancy in the planning and
operation of the grid, making it more resilient to terrorist attacks, adverse weather,
and other potential events

e Improve system operating efficiency by reducing power lost in delivering energy through
the transmission system

e Further reduce CO2 emissions as a consequence of the reduction in losses, since less
electricity would be generated to meet customer demand

A transmission system designed with these criteria in mind will help to assure a secure,
reliable and efficient supply of electricity for the nation, with proper consideration for a clean
environment, and a reduction in dependence on foreign oil.
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16 3 Developing Massive Electricity
Storage Systems

Need for Massive Energy Storage

Emergent renewable energy technologies offer tremendous potential to address future electric
power demand; however, the amount and timing of their intermittent, variable, uncontrollable
and largely unpredictable power production limits the amount of generation that can be incor-
porated into the grid. Without the capacity to store surplus energy from these intermittent and
variable sources, investment in renewable energy may be impeded, due to significant increases
in infrastructure needs and costs.

Storage of energy from these sources would permit energy to be dispatched when needed.
Storage to accomplish this goal could either be collocated with renewable installations, or
centralized; however, such storage could be more flexibly utilized if centrally connected to the
grid, perhaps also providing greater economy. Overall, developing and deploying technologies
for large scale energy storage are essential for renewable energy to reach its full potential.

Energy Storage Technologies

Massive electric storage (MES) systems convert electric energy to other forms of energy

that can later be reconverted back into electric energy to meet transient energy requirements.
A variety of energy storage technologies exist including, but not limited to, hydrogen storage,
superconducting magnetic energy storage, supercapacitors, pumped hydroelectric storage,
compressed air, various kinds of batteries, and flywheels. Great opportunity exists for further
developing these and other technologies. The most well-established MES technology, pumped
hydroelectric storage, uses low-priced electric power to pump water into a reservoir, where

it is subsequently stored, released and reconverted into electricity, using a turbine when higher-
priced electricity is in high demand. Using this technology is dependent upon the availability of
appropriate geography, and limited by efficiency, typically 70 percent.

In addition, variability in output of renewable sources and energy demand can change on

a seasonal, daily, hourly and transient basis. For example, the availability of tidal power is
cyclical; it varies on a thoroughly predictable but continuously changing cycle. Some energy
storage technologies are more adaptable to short-term variability, while others hold promise
for longer-term smoothing of output. Given the differing limitations and development of
technologies, and the variation in energy storage applications, developing a broad range of
these energy storage technologies must be pursued.

For these technologies to be economically viable, the marginal price of electricity must be
greater than the costs required to store energy and to retrieve energy, plus the value of the
energy lost in the process. For any of the existing or proposed storage technologies to be
utilized, limitations on these technologies must be rectified. The research, development and
deployment timeline of these technologies depends on the willingness to invest in energy
storage technologies and necessary infrastructure.
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Battery technology, for example, has attracted considerable investment in past years, but no
technology has yet become a decisive leader. Issues such as lifetime, efficiency of recovery,
practicality of design, realistic cost, and application details remain unresolved for many potential
approaches.

The Energy Independence and Security Act of 2007 includes provisions relating to research,
development and deployment of energy storage. Major provisions of the Act relating to the
massive electric storage systems, include, among other things:

e Supporting research and development in energy storage systems for electricity
transmission and distribution

e (Creating an Energy Storage Advisory Council responsible for preparing a five-year
research plan

e Establishing Department of Energy (DOE) energy storage research centers
e Demonstrating DOE energy storage demonstration projects

e DOE investigation of secondary applications of energy storage equipment and
examination technologies and processes, for final recycling and disposal of energy
storage equipment

e Review of program after five (5) years of operation by the National Academy of
Sciences. Although the provisions of the Act support research, development and
deployment of energy storage, the lack of appropriated funding incapacitates the Act’s
intent, leaving the Act only symbolic in its convictions.

Potential Benefits of Expanded Deployment of Massive Energy Storage

IEEE-USA believes that expanded, long-term utilization of massive energy storage will

help maximize the utilization of new renewable sources of energy, and will enhance the

overall reliability of the grid. Despite the necessity of energy storage, incentives to promote
aggressive research and development have yet to be suitably augmented. Policy makers
must aid in promoting and facilitating the expansion of energy storage technologies through
enacting laws and regulations. Regulatory treatment of energy storage must take into account
its significant benefits.

Important benefits can be derived from developing and deploying MES. Energy storage ca-
pability can increase the energy autonomy of the United States by enabling deployment of
renewable energy technologies, and mediating the differences in energy generation and de-
mand. Although increases in energy efficiency can also increase the nation’s energy autonomy,
improvements from that sector are limited, and must be bolstered by energy storage. Energy
storage can also improve both the quality and continuity of energy production. Energy stor-
age can ensure the continuity of supply by acting as a back-up power source, and can improve
power quality by correcting voltage sags, flickers and surges in the transmission grid, and help
to maintain frequency control. In addition, load leveling is the practice of storing energy during
off-peak times and using that stored energy to meet demand during peak consumption times.
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Employing this strategy would reduce the amount of power generation required to meet peak
demand. To ensure that peak energy needs are met, utilities and/or users normally have to
engage the use of other generating facilities to meet demand during peak times. If energy
could be stored, then the need for additional facilities that increase energy generation capac-
ity during peak times could be significantly reduced or eliminated. Also, as energy demand
increases in the future, utilities may be able to delay investment in added generation facilities
and infrastructure. Finally, the impacts of climate change and air pollution on public health and
welfare have put forward an urgent charge towards carbon-neutrality. Reducing the amount of
energy generated during peak demand periods, and incorporating renewable energies into the
grid will help to minimize greenhouse gas emissions.

In conclusion, implementing IEEE-USA’'s recommendations will help to enable and advance
the utilization of energy storage consistent with overall development of national energy policy.
To help capture these benefits, IEEE-USA recommends:

e An R&D initiative to develop affordable energy storage technologies to integrate
intermittent renewable energy into the electric system

e That Congress fully fund the energy storage R&D program authorized in the Energy
Independence and Security Act of 2007

e That the regulatory treatment of energy storage takes account of its special benefits.

This addendum to the IEEE-USA National Energy Policy Recommendations position statement
was developed by the IEEE-USA’s Energy Policy Committee and represents the considered
judgment of a group of U.S. IEEE members with expertise in the subject field. IEEE-USA
advances the public good and promotes the careers and public policy interests of the more
than 210,000 engineers, scientists and allied professionals who are U.S. members of the |IEEE.
The positions taken by IEEE-USA do not necessarily reflect the views of the IEEE or its other
organizational units.

For more information, contact Bill Williams, |IEEE-USA at 202-530-8331 or
bill. williams@ieee.org
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