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It is not a matter of “if” the Smart Grid will be built; it is a matter of “when”. Electricity is on
the threshold of becoming less reliable and much more expensive. Smart Grid offers a
solution that will maintain a sufficient, economical, and reliable supply of electricity well into
the future far better than an attempt to fix or expand the present electric grid.

Continuing demand for electric power is placing such enormous demands on the current
electric grid that consideration of nuclear energy is resurgent around the world and the
continued use of coal and other fossil fuels will extend for at least the next thirty years in
spite of climate change and the clamor for clean energy. It is simply not possible to cost-
effectively build the entire infrastructure that is needed while assuring continued electric
service, high reliability, and affordable electric rates.

Overcoming these problems lies in creating an intelligent electric grid that will supply
electricity more efficiently with higher reliability while permitting and encouraging

consumers to use electricity more wisely.

It is estimated only about 15 percent of U.S. power needs can be supplied by renewable
energy sources unless the electricity produced from these sources can be stored for later use.
It has also been estimated that more than $340 billion will need to be invested in power
storage capabilities to raise the supply of power from renewable sources by just another 5
percent (from 15 percent to 20 percent).

Increases in energy storage systems notwithstanding, coordination and control of when
energy is released and when it is stored will be critical. Widespread use of energy storage will
require capabilities not now present in the electric grid. To complicate matters further, it is

! Clayton, Mark, “How Enormous Batteries Could Safeguard The Power Grid”, The Christian Science
Monitor, March 22, 2009
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widely anticipated that plug-in hybrid electric vehicles (PHEVs) will begin entering the
market place in substantial numbers over the next five years, largely due to fuel costs but also
as a result of environmental concerns. PHEVs offer many of the same capabilities of energy
storage systems, only with smaller batteries but on a much larger and more widely distributed
scale.

A sophisticated operating and control system is required to connect these new power sources
and energy storage systems to the electric grid while simultaneously matching electric
demand requirements with electric supply. This requires a delicate balancing act between
providing a supply of electricity that matches the demand for electricity at each moment in
time while demand and supplies are continuously changing. A grid with smart sensors, highly
capable control systems, instant communications, and seamless transmission throughout the
grid will be needed to capitalize on the potential offered by distributed and renewable energy
sources.

The electric grid in the United States is valued at over $1 trillion and over $20 billion is spent
on improvements each year. Nevertheless, many components are older than their anticipated
40 year life span.? New high voltage transmission lines have not kept pace with surging
demand which has caused electric flow bottlenecks and increased outages. New power plants
also need to be built but they are expensive and the fossil fuels many of them use are facing
increasing scrutiny as a result of carbon emissions and other environmental concerns. While
new infrastructure can and must be built, it is costly and must be financed, the costs of which
get passed on to consumers (or “ratepayers”) in the form of electric rate increases (with the
approval of regulatory agencies).

Perhaps surprisingly, there is yet an accepted definition of a smart grid. After more than ten
years of discussion and collaboration, utilities, government, and regulatory agencies have yet
develop an overarching definition of a smart grid. However, there is widespread agreement
that a smart grid requires reliable and instantaneous two-way communications between
utilities, operators, consumers, and grid components. Ultilities would need substantially
improved computing power and software to visualize and control grid operations in real time.

Security would be paramount since utilities would be interconnected to one another as never
before. Cooperation among all grid stakeholders, including consumers, would be essential.

2 “The Smart Grid: An Introduction”, U. S. Department of Energy, 2008
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The Smart Grid would also be “self healing” in that it would automatically reroute electricity
and reform itself to prevent further damage and catastrophic failure.

From a high level perspective, the Smart Grid is a powerful command and control system that
is composed of the following components:

e Smart sensors and devices outside a home or business
e Smart sensors and devices inside a home or business

e Two-way communications between utilities, grid operators, consumers, and grid

components

e High speed computing, software, and display devices to monitor current and
anticipated future grid conditions and control and protect the grid

Until consumers become advocates for the Smart Grid, development will be delayed and may
not be deployed in some areas. A definition of the Smart Grid is needed not only to help
consumers understand it, but also to assist utilities, vendors, and other stakeholders in
developing the Smart Grid.

Smart Grid Technologies

Any technology that assists the intelligent control of electricity over the grid can be
considered a smart grid enabling technology. Under this definition, any communication
technology that allows data to be transmitted to and from utilities, grid operators, consumers,
and smart devices on the grid and in the home is an enabling technology for the Smart Grid.

Smart Grid Costs

Estimating the market for the Smart Grid is somewhat difficult since there is no precise
definition of what the Smart Grid is. Many estimates include renewable sources of energy and
high voltage transmission lines as part of the Smart Grid. However, this does not include
renewable energy sources, energy storage systems, or transmission lines as enabling
technologies for the Smart Grid. Instead, the myriad sensors, control devices, computing
technology, software systems, and other smart components that help operators maximize the
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potential of the grid and help consumers modify their electric usage habits are smart grid
enabling technologies.

With this specification, the cost of fully deploying the Smart Grid will be well over the $68
billion that is expected to be spent in the United States on smart grid enabling technologies
between 2009 and 2014. Still, that cost is much less than the amount that would be required
to build the extra base-load power plants, peaker plants, transmission lines, and other
infrastructure that will be required to meet growing electric demand if the Smart Grid is not
built.

The market for smart grid enabling technologies in the United States is currently about $6.4
billion. This market is expected to grow at 20.8% CAGR through 2014, when it will be about
$16.5 billion. The bulk of this market will go towards smart sensors and devices which need
to be placed throughout the grid and consumer homes and office buildings. This market, not
including smart meters, is expected to increase from $2.3 billion to $5.8 billion from 2009 to
2014. Smart meters and associated software is expected to grow from $2.2 billion to $4.8
billion during the same period.

The market for two-way communications is projected to grow from about $1 billion in 2009
to $3.2 billion by 2014. Information technology, including hardware and software, is
expected to grow from $.9 billion to $2.7 billion during this time.

The estimates include a projected boost from the 2009 American Reinvestment and Recovery
Act (ARRA) which provides $4.5 billion in matching funds for smart grid technologies as
well funding from other ARRA provisions that can directly impact the Smart Grid. These
include projects for high speed internet service in rural areas (which could include broadband
over power lines — BPL), carbon capture technologies, energy efficiency and conservation,
advanced battery manufacturing, and advanced technology vehicle manufacturing to name a
few. In total, ARRA will provide up to $30 billion in energy related funding, much of which
could support development of the Smart Grid.

Smart Grid Drivers and Inhibitors

There are a number of factors that can assist the development of the Smart Grid. Foremost
among these is the need to prepare the grid for anticipated future electric demand. Since the
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current grid is rapidly aging and many grid components are older than their expected
lifetimes, outages and other reliability issues are occurring more often than in the past.
Although new infrastructure is needed, the capability to use grid assets to their fullest
potential is also needed.

The need to build new high voltage transmission lines is always problematic since no one
wants this in their “backyard”. New power plants also raise concerns, particularly if they use
coal or other fossil fuels. For example, unless sufficient energy alternatives are developed,
coal will remain the largest fuel source for electric generation for at least the next twenty
years.?

Perhaps due to the backlash of continuing to rely on coal for much of the nation’s electric
power new nuclear power plants are now being planned. These, too, will be cause for
concern. The Smart Grid will alleviate, to an extent, the need for much of this new
infrastructure. Since power would flow through a smart grid more efficiently with less line
loss, the Smart Grid can partially offset the need for more power plants and additional

transmission lines.

Concerns over the environment, global warming, and energy security will help drive
renewable sources of electric power. Perhaps due to these issues, mandates for renewable
energy sources have become common. For example, President Barack Obama has a goal to
generate 10 percent of the nation’s electricity from renewable sources by 2012, and 25
percent by 2025.*

Other countries also have renewable energy mandates. By 2020, the European Union (EU)
wants at least 16 percent of its electricity from renewable sources® and Russia wants 4.5
percent.® In addition, China is legally bound to get 15 percent of its electricity from
renewable energy sources by 2020.”

* www.doe.gov

* www.my.barackobama.com

® “European Union Mandates Unreasonable Renewable Energy Installations”,
www.alternatepower.org, November 8, 2008

® “Russia Sets Renewable-Energy Mandates”, www.cleantech,.com, January 21, 2009

" “Fact Sheet: China Emerging as New Leader in Clean Energy Policies”, www.efchina.org

©2009 SBI, Rockville, MD - 240-747-3097 - Copying Prohibited.

5



SBI Energy White Paper

Renewable energy sources should help drive development of the Smart Grid since smart
technologies must be added to the grid to harness the full potential of wind, solar, biomass,

and other renewable power sources.

Rising electric rates, which will result as a consequence of adding new electric infrastructure,
will also drive the need for the Smart Grid. As well, if the government passes a carbon
emission cap-and-trade system, costs will increase for utilities that rely on coal and other
fossil fuels for electric power.

Venture capitalists (VCs) help develop cutting-edge technologies that are vital for future
smart grid development. Although VC funding has been somewhat limited due to a lack of
standards and protocols that define the Smart Grid, it is expected that VC funding will
increase substantially, helping drive the development of new technologies that will make the
Smart Grid function more effectively.

When the Smart Grid is eventually deployed, consumers will be on their own to purchase the
smart appliances and devices they will need to take advantage of the Smart Grid. Since
refrigerators, washing machines, dryers, and dishwashers are only replaced infrequently, new
home construction will be vital for smart appliance penetration in the consumer market. For
those individuals who are not purchasing a new home, some form of incentive or rebate will
likely be required to entice them to buy new smart appliances when their current appliances
otherwise need not be replaced. Unless the perceived value of smart appliances is sufficiently
high, then consumer demand may wane and adversely affect full deployment of the Smart
Grid.

As with low electric rates, a lack of standards will not stop development of the Smart Grid
but will surely slow it down.

Fuel cell technology is advancing quickly and is currently available for industrial use.
However, within the next five years it is expected that fuel cells, with sufficient energy to
power a home, could also be commercially available for residential use.® Depending on cost
and availability, such systems could enter the marketplace in substantial numbers before the
Smart Grid is even developed.

& www.toolbase.org
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Cyber security will both help and hinder development of the Smart Grid. Since the Smart
Grid will connect utilities to one another as never before and even extend into individual
households, cyber security will be even more important than it is today. Currently, a breach in
security would affect one or perhaps a few utilities. With the Smart Grid, all utilities may be
affected. The ability to protect the smart grid against hackers, terrorists, and other attacks is
absolutely crucial to the development of the smart grid. As such, a significant amount of
funding will be required to make smart grid networks as safe as possible. On the other hand,
until the Smart Grid can be made safe it will probably not be fully deployed.
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