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NEED FOR THE SMART GRID

4.1 Infrastructure Modernization

According to the American Society of Civil Engineers (www.asce.org), the United
States has more than $2.2 trillion of deferred and neglected investments in roads,
bridges, transit, schools, storm water, and energy systems. Nowhere is the need for
infrastructure improvement more evident than in the energy system, particularly the
electricity transmission and distribution grid. Largely unchanged over generations, the
country is using outdated technologies to power an increasingly global 21 century
economy.

“What's driving the urgency to create a stronger,
better, smarter national grid. Age and neglect are
highest on the list — the grid as we know it came
to be in the 1960s, and it has gotten less and less
care as the years have passed. Security threats
are high on the list of contributors as well.
Resource volatility, energy supply issues, and
cyber and physical terrorism combine to create a
frightening mix of ‘what if’ scenarios.”

BusinessWeek, 9/7/09

4.2 Power Quality and Reliability

Researchers at Lawrence Berkeley National Laboratory (www.Ibnl.gov) estimate
that outages, mostly very short in duration, cost users $80 billion a year. Other
estimates are even higher, assessing that up to $200 billion is lost annually from lost
time, lost commerce, and damage to equipment due to power interruptions. These
costs accrue primarily from short-duration outages. Approximately 90% of power
outages last for no longer than two seconds, and 98% of outages last, at most, 30
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seconds.

There have been five massive blackouts over the past 40 years, three of which
have occurred in the past nine years. These blackouts have devastating effects. The
Northeast blackout of 2003, for example, resulted in an estimated $7 billion to $10
billion in losses to the region.

Outages occur because of unbalances between power supply and demand, the
slow response time of electro-mechanical switches, a lack of automated analytics, and
a lack of situational awareness on the part of grid operators. Various features of the
smart grid are being designed to correct these situations.

“We have the tools to improve real-time monitoring
and control of the grid with advanced information
technology. We can use this IT to better manage
energy on the lines, to reduce disruptions, and to
respond flexibly to disruptions when they do occur.”

Bracken Hendricks, Senior Fellow
Wired For Progress
Center for American Progress, 2/09

4.3 Load Management

While baseload generating capacity provides constant power, demand is
dynamic. Because demand stems from the activities of consumers — and these
activities fluctuate constantly — the grid must adjust continuously. This is necessary not
only to provide a continuous power supply and prevent the waste of excess electricity,
but also to keep power flowing at the right frequency. If the supply of electricity does
not match demand, temporary brownouts, or even blackouts, can occur.

Generating capacity must be sufficient to provide for the peak demands that
might occur, even on rare occasions. Utilities must construct capacity to meet these
so-called needle peaks in electricity usage even though they may only occur for a small
number of hours each year. Transmission and distribution systems much also be
designed to accommodate such peak requirements. It is expensive and inefficient to
size capacity to these peaks because much of a utility’s assets lie dormant much of the
time. On average, power facilities are used only 55% of the time; and transmission
systems are only marginally better, at 60%.

The smart grid will improve utility load factors, bringing about better utilization of
existing generation capacity, and ultimately reduce part of the need for new capacity.
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Further, energy storage, a component of the smart grid, will play a large role in
supplanting peaking generation.

According to The Brattle Group (www.brattle.com), reducing peak demand by a
mere 5% would save U.S. electric utilities an investment of about $66 billion over 20
years. Pilot projects have shown that the best in-home smart-grid technologies can
achieve reductions in peak demand of up to 25%, suggesting that the avoided
investment could be as high as $325 billion over that period.

4.4 Operational Efficiencies

Computer technologies have brought about automation in virtually every
business sector. The practice of sending crews to read meters and to turn power
service on and off for customers is clearly antiquated. Automating these functions with
an advanced metering infrastructure provides a savings to utilities that helps recover
the investment in smart meter installation.

Pacific Gas & Electric (www.pge.com), for example, expects to recover 90% of
the $1.7 billion spent for the installation of about 10 million smart electric and gas
meters through the elimination of about 950 meter-reader positions.

Enel SpA (www.enel.com) spent around $3 billion installing 30 million smart
meters in Italy, and now saves around $720 million a year as a result, thus its
investment paid for itself within five years.

4.5 Carbon Reduction

The reduction of greenhouse gas emissions to halt global warming is of vital
importance. According to the U.S. Department of Energy, if the North American grid
were just 5% more efficient, the energy savings would equate to eliminating the fuel
consumption and greenhouse gas emissions from 53 million cars.

The Electric Power Research Institute (www.epri.com) estimated the emissions
reduction impact of a smart grid at 60 million to 211 million metric tons of CO, per year
in 2030, based on the following mechanisms:

+ Continuous commissioning for commercial buildings

« Distribution voltage control

* Enhanced demand response and load control

» Direct feedback on energy usage

+ Enhanced energy efficiency program measurement and verification capabilities
» Facilitation of expanded integration of intermittent renewable resources

« Facilitation of plug-in hybrid electric vehicle market penetration
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“Global warming and environmental sustainability
are driving momentum toward a smarter grid. As
America steps up to reduce the carbon intensity of
its power generation, organizations across the
energy spectrum are working to green the grid.”

BusinessWeek, 9/7/09

4.6 Enabling Electric Vehicle Use

The U.S. now imports nearly 70% of its oil — at a cost of $478 billion in 2008,
alone — representing a major contribution to the national trade imbalance. Plug-in
hybrid electric vehicles (PHEVs) have the potential to significantly reduce consumption
of liquid fossil fuels.

The smart grid is essential to help manage the charging of electric vehicles by
directing recharging during periods of low power demand.

“If we don’t do that, then we will add to peak
loads and we’ll have to build huge amounts of
infrastructure to handle our vehicles.”

Robert Pratt, Scientist
Pacific Northwest National Laboratory
The Economist, 6/4/09

The role of the smart grid with respect to PHEV use is further assessed in
Chapter 15.

4.7 Renewable Power Integration
As discussed in Chapter 16, the U.S. cannot meet its goals for renewable power
without the support of a smart grid.
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“If a primary national goal is to increase the use
of renewable energy from current levels to 20% of
our total electrical supply —a potential outlined by
the Department of Energy — or even 25%, as
President Obama has advocated, then we will
need new infrastructure designed for the task.
This will include substantial new construction of
feeder lines to allow new large-scale renewable-
energy projects to connect up to the grid. It will
also require extra-high-voltage electricity
transmission upgrades to the existing grid to
permit that power from remote renewable-rich
regions to reach consumers.”

Bracken Hendricks, Senior Fellow
Wired For Progress
Center for American Progress, 2/09
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DEMONSTRATION PROJECTS

5.1 Overview

Virtually every major U.S. electric utility has launched a smart grid demonstration
project. This chapter profiles a few of the projects that are considered pioneer or
landmark programs.

5.2 Dubuque Smarter City Initiative

IBM (www.ibm.com) is deploying its Smarter City Initiative program in Dubuque,
lowa. The project integrates smart grid, water management, and traffic management
technologies.

IBM will build a platform for real-time monitoring to provide the city with an
integrated view of its infrastructure. This will include assessment of the energy
consumed by the electric grid, water system, and general city services.

IBM already has several “smart city” projects around the world, including a traffic-
management system in London, an electricity grid-management system in Amsterdam,
and a water-management system in Shenyang, China. Dubuque is the first city where
IBM will bring all of the technologies together.

5.3 Fayetteville Smart Grid

Fayetteville Public Works Commission (FPWC, www.faypwc.com, see 8.19)
completed a pilot project for 100 residential and business customers in July 2009. The
project, a joint effort between Consert (www.consert.com) and IBM (www.ibm.com),
resulted in an initial 20% decline in average electricity consumption among those
participating in the project.

In the program, Consert attached controllers on hot water heaters, air
conditioners, and pool pumps, and customers set targets for their monthly electricity bill
online. Customers also set up a profile detailing when they wake up in the morning, go
to work, return home, and what temperature they’d like in their home. Smart meters
and a wireless communications system provide real-time electricity consumption data to
allow the utility to cycle appliances on and off to achieve savings and help it manage
peak demand. The software takes into account the customer’s billing history, local
weather conditions, and other factors to manage each home’s appliances.

Utility-wide installation is following the pilot project. FPWC anticipates that the
smart grid will allow the reduction of the size of a gas-fired generation plant that is being
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