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Elster Integrated Solutions...
Delivering cohesive, multi-utility
AMR/AMI global solutions

Part of Elster Group, the world's largest multi-utility metering company, 
Elster Integrated Solutions (EIS) is a leading provider of both automated 
meter reading (AMR) and advanced metering infrastructure (AMI) systems
and solutions for gas, electricity and water. We help customers worldwide
adopt and integrate the latest smart metering systems solutions, enabling
them to improve revenue cycle services, customer service, delivery reliability
and workforce utilization, as well as implement demand response and
conservation programs.

At EIS, we present a diverse, yet cohesive solution set to every customer.
Core to our solution is the use of intelligent mobile and mesh network 
communications. Our system solutions deliver optimum performance 
and functionality today without impeding migration into new technology 
in the future.

Sharon Allan, president
Elster Integrated Solutions

www.elster-eis.com
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Orion Automation Platform
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®
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• Distribution Automation 
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Within the next three decades, it will
be the most populous nation on the face
of the earth.

It has been a nuclear power since the
1970s and boasts one of the few vibrant,
stable democracies in the Asian hemi-
sphere.

It has launched several communica-
tions satellites, and is now on the verge of
attempting its first manned space flights.

They are the next world superpower
- yet they battle daily with maintaining
an uninterrupted supply of electricity to
their customers.

India is a giant that is hobbled by an
overtaxed infrastructure. New businesses
and industries are sprouting up across the
entire subcontinent, eager to take advan-
tage of a world market hungry for Indian
products and services.

It is the second-fastest growing
major economy in the world, with a cur-
rent GDP of 9.2 per cent; but that growth
is tempered by a per capita income of
$3,400, classifying India as a low-
income economy in the eyes of the World
Bank.

Although two-thirds of the popula-
tion earn their livelihood either directly
or indirectly from agriculture, the coun-
try is used by global companies for their
outsourcing and customer service sup-
port. The Electronics City section of
Bangalore is India’s answer to
California’s Silicon Valley - the only dif-
ference being the major access highway,
Hosur Road, is a potholed, four-lane
stretch of uneven pavement.

But poorly maintained roads are just
the tip of the iceberg as to the challenges
faced by India to establish a solid infra-
structure.

As a rule of thumb, major cities lose
power one day a week just to relieve
pressure on the grid. In the city of Pune,
which has 4.5 million people, the lights
go out every Thursday, forcing factories
to maintain expensive backup generators.

It shouldn’t have come as a surprise
to Indian officials when Intel Corporation
decided to locate its new computer chip

assembly plant in Vietnam instead of
India (although Intel wouldn’t comment
on the decision to choose Vietnam,
industry insiders said the reason was
mostly due to the lack of reliable power
and water in India).

In Gurgaon (near Delhi), the average
power cut in January 2007 was 7.45
hours and 5.07 hours per day in industri-
al and residential areas respectively. The
longest recorded cut for that month was
11.10 hours on January 13, with an
astounding 10-hour daily power cut from
January 19 to 26.

What makes these January power
cuts all the more ominous is that peak
demand doesn’t hit until the summer
months.

One quick solution to the problem
has been to introduce Captive Power
Plants (CPPs), allocating dedicated gen-
eration to an industry for its exclusive

consumption. Although Indian Central
Electricity Authority sources put a figure
of 11,600 MW for CPPs, industry experts
state that the figure is much closer to
20,000 MW.

More industries are avoiding the grid
altogether, using their own generation
(captive and cogeneration) rather than
roll the dice on unreliable and poor qual-
ity grid supply (not to mention the high
tariff resulting from heavy cross-subsi-
dization).

For Indian officials, the growth of
CPPs is a concern, as it leaves utilities in
a position of having industrial load as
their main source of revenue and limits
their ability to manage the grid when
there is a surplus of power.

Another concern of government offi-
cials is the widespread theft of power by
residential consumers - a practice that
has become so commonplace utilities
have thrown up their hands and learned
to live with it as the price of doing busi-
ness. Officials estimate that as much as
42 per cent of the power suplied to
India’s capital of Delhi disappears
through “transmission losses” (compared
to 3 per cent in China). Serious yes, but
better than in years previous, when trans-
mission losses accounted for more than
half of the electricity distributed in Delhi.

And this doesn’t take into account
the industrial power theft that occurs
with the help of corrupt officials, or the
power farmers’ lobby that pushes hard
(and often gets) free power or ridiculous-
ly cheap electricity.

Aside from the loss of revenue, it
makes managing demand during peak
periods virtually unmanageable for
Indian utilities.

The promise of smart metering may
hold the key for Indian utilities, allowing
them to crack down on electricity theft
and providing them with a more surgical
option for cutting back on power, instead
of having to resort to sweeping black-
outs.

EDITORIAL

INVESTING IN INDIA PRESENTS GREAT
HURDLES, BUT GREATER REWARDS

Don Horne

Powerlines can more resemble Christmas
trees covered in tinsel as people attach their
own lines to steal electricity.

Continued on Page 11
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The Babcock & Wilcox Company
(B&W), in collaboration with American Air
Liquide Inc., will begin testing a promising
new technology to help coal-fired power
plants capture emissions of carbon dioxide
(CO2), a greenhouse gas. 

The evaluation will occur at B&W’s 30
megawatt Clean Environment Development
Facility (CEDF) in Alliance, Ohio in June of
this year. The CEDF, originally placed in ser-
vice in 1994 by B&W, the U.S. Department
of Energy and others, is a large-scale demon-
stration facility that has been used to develop
emissions-control technology. 

The CEDF will be used to validate a
technology called “oxy-coal combustion”
that utilizes pure oxygen for the combustion
of coal in electricity generating plants. In this
system, nitrogen that comes in with the air for
the combustion process is eliminated. As a
result, the exhaust gas is a relatively pure
stream of CO2 that is ready for long-term
storage operations. 

“Finding ways to capture and store CO2
emissions from power plants is paramount if
the United States is going to address green-
house gas concerns and use our national ener-
gy resources,” Don Langley, B&W vice pres-
ident and chief technology officer said. “We
see this major technology demonstration pro-
ject as another step in B&W’s plan to deliver
CO2-capture technology to the electricity
generating industry and make a significant
impact on this global issue.” 

B&W’s development efforts are being
done well in advance of similar projects
around the globe. “This is truly changing-the-
world technology and we are pleased to be
leading this research,” Langley added.
Because the oxy-coal technology builds on
pulverized coal combustion technology, it
would be complimentary to most of the
world’s coal-fired power plants. 

B&W will work with American Air Liquide to modify the
existing CEDF facility for the oxy-coal process and will begin
proving the technology in June 2007. 

American Air Liquide will provide engineering and chem-
istry know-how related to combustion, as well as proprietary
equipment and sensors for the safe and efficient handling of
liquefied oxygen. 

In addition to American Air Liquide, several utilities will
participate in an “advisory group” process that will help bring

the potential users of the technology into the development
process. 

B&W will evaluate several types of coal, including coal
imported from Saskatchewan, Canada, and the site of a pro-
posed near-zero emissions power plant that will use this tech-
nology at commercial scale. 

Present in 72 countries, Air Liquide provides industrial and
medical gases and related services and offers innovative solu-
tions based on constantly enhanced technologies.

Electricity Today8

NEW TECHNOLOGIES

B&W DEMONSTRATES NEW CARBON DIOXIDE
CAPTURE TECHNOLOGY
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In his State of the Union address,
President Bush once again emphasized
improving the nation’s generating capac-
ity and moving away from dependence
on imported oil.

“It’s in our vital interest to diversify
America’s energy supply - the way for-
ward is through technology,” he declared.

“We must continue changing the way
America generates electric power, by
even greater use of clean coal technolo-
gy, solar and wind energy, and clean, safe
nuclear power.”

The $4.3 billion authorized in the
Energy Policy Act of 2005 (EPACT) for
building new nuclear power plants will

help ease generation constraints, as will
the other provisions covering wind,
wave, clean coal, tidal, biomass, fuel
cells and hydrogen production.

But boosting generating capacity is
not the only problem that the nation

TRANSMISSION

THE STATE OF THE GRID:
WHAT’S BEING DONE TO ADDRESS

LONG-TERM TRANSMISSION PROBLEMS
By Drew Robb

Continued on Page 12

ET April  4/25/07  3:35 PM  Page 10



11April 2007 

The 2003 Electricity Act made
power theft a criminal offence for the
first time. Private utilities like Tata Power
have cut transmission losses from over
50 per cent to a more manageable 30 per
cent.

On the generation side, government
planners are seriously looking at devel-
oping the massive hydroelectric potential
in the north of the country, along with a
significant expansion of the nuclear gen-
eration component.

Naturally, any new generation that is
developed would require greatly

enhanced transmission corridors, concur-
rent to a strengthening and hardening of
the distribution network.

For foreign investors, like the French
company Areva T&D, it is this commit-
ment by the Indian government to
expanding and improving the transmis-
sion and distribution network that has
spurred their commitment to building
factories in Pallavaram and Perungudi.

For Areva T&D, who held the 6th
instalment of their Technical Days in
India recently, building the transformers
in India that are destined for that coun-
try’s electrical grid is essential to devel-
oping that nation as a great power. Areva
T&D, whose projects and investments

stretch from Russia to Brazil, sees oppor-
tunity - not obstacles - in helping nations
strengthen and grow their vital electrical
infrastructures.

Even the most inward looking North
Americans have to admit that the global
marketplace is forcing change. The
obstacles of today - like those faced by
India - can either be ignored by Western
CEOs at their own peril or embraced and
overcome, to the benefit of India, its peo-
ple, and those companies who choose to
invest and prosper with them.

See Special Feature “Opportunity and
challenge: Developing India’s electrical
infrastructure”  -  Pages 16-29

Investing in India
Continued from Page 6
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faces. That added power does no good if it can’t get to where it
is needed when it is needed. The aging distribution network is
overdue for an overhaul. According to the U.S. Department of
Energy (DoE), congestion charges will run $8 billion for
Eastern U.S. customers next year, and that doesn’t count the
congestion charges west coast residents in Southern California,
the San Francisco Bay area, Portland and Seattle will have to
pay.

The DoE, NERC and others are engaging in activities to
address the long term state of the grid, but those don’t address
immediate needs (See related story: The Big Picture). So, let’s
take a look at what is happening in three areas to reduce trans-
mission load and improve reliability using existing technology.

RENEWABLES
President Bush isn’t the only one talking about the poten-

tial of renewable energy. In January a DoE panel headed by
MIT professor Jefferson Tester reported that investing $1 bil-
lion over the next 15 years in geothermal could add 100

gigawatts of generating capacity. But, as with many renewable
sources, the energy sources aren’t near population centers. Or if
they are, the citizens will try to block them, as occurred with
the Cape Wind Project near the affluent Cape Cod region.
Instead, wind farms are installed in places like West Texas or
the Mojave Desert. 

The former, for example, has become a huge player in the
wind market, surpassing California as the biggest U.S. Wind
region in 2006 when it added three new farms with a combined
capacity of 430MW – the 225MW Horse Hollow Wind Energy
Center, the 121 MW Buffalo Gap Wind Farm and the 84MW
Red Canyon Wind Energy Center. This, however, has already
placed a strain on the grid. In 2001, for example, ERCOT
(Electrical Reliability Council of Texas) ordered a curtailment
in wind production in one area because of overloaded trans-
mission lines. In a white paper submitted to the Texas
Legislature in 2005 (Transmission Issues Associated with
Renewable Energy in Texas), ERCOT proposed spending a
$1.0 billion on upgrading 345 kV lines in West Texas to deliv-
er 3,641 MW of wind energy, and two other options for deliv-
ering another 8,641 MW at a cost of $2-3 billion. Similarly, San
Diego/Gas and Electric want to build a new 500 kV transmis-

Electricity Today12

State of the Grid
Continued from Page 10

A photo of one of the Size 260T SSS Encased Clutches that is installed at Lafayette Utilities. 
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plants in the city, each with two 50MW GE LM6000 simple-
cycle combustion turbines to provide emergency or peaking
power. The second of the two plants, the Hargis-Hebert Power
Generation Plant, came on line in 2006. In addition to provid-
ing power, the generators can also provide synchronous con-

densing as a means of pro-
viding reactive power. 

“Adding the synchronous
condenser function allows
the unit to absorb or supply
more reactive power to the
grid for voltage control pur-
poses, by running the gener-
ator as a synchronous motor
uncoupled from the gas tur-
bine, than could be accom-

plished simply by varying the excitation of the generator oper-
ating as a generator,” says Gregory Magarie, P.E., Executive
Engineer-Electrical at R. W. Beck, Inc.’s Boston office and
who served as the lead electrical engineer on the project.

He says that the LM6000s are ideally suited to synchro-
nous condensing applications and that GE offers this as an
option for the turbines. The difference is that, when a turbine
is used for synchronous condensing, a clutch is installed
between the turbine and the generator so they can operate
independently of each other. The clutch selected was a model
260T from SSS Clutch Company, Inc. of New Castle, Del.

sion line to tap a potential 1000 to 2000MW of geothermal
power from plants in the Imperial Valley.

Power generators and wind turbine manufacturers are also
working to improve grid stability. Since wind turbines are large
induction motors, they tend to pull reactive power from the
grid which can cause instability
and voltage collapse. 

“Most types of wind tur-
bine generators cannot do
much to support grid voltage
and they can even exacerbate
voltage problems just like any
other type of induction
machine,” says Yuriy
Kazachkov, Ph.D. a consultant
with the engineering firm Shaw
Power Technologies. “Any wind plant that cannot support the
voltage cannot be considered a sound generation facility.”

The usual way to address this problem is to use capacitor
and static VAR compensators to correct power factor. But GE
and Clipper Windpower have both developed technologies to
address the problem at the turbine. GE uses a central comput-
er to monitor the power factor and then send a signal to proces-
sors within the nacelles to excite the generators as needed.
Clipper’s new Liberty turbines use permanent magnets so they
operate at unity power factor, but the company also has a sys-
tem to provide voltage correction as the power passes through
the wind farm’s transformers and collection system.

THINKING LOCAL
Grid support is not just a problem, though, for wind farms.

According to the U.S-Canada Power System Outage Task
Force’s Final Report on the August 14, 2003 Blackout in the
United States and Canada: Causes and Recommendations, one
of the major causes of the continent’s worst power outage in
three decades was “Failure to maintain adequate reactive
power support.”

The value of local sources for reactive power was further
emphasized in the DoE study A Preliminary Analysis of the
Economics of Using Distributed Energy as a Source of
Reactive Power. According to that report: “Reactive power
from DE offers the potential to provide reactive power com-
pensation on a distributed and dynamic basis corresponding to
the dynamic and spatial variation of reactive power needs.
Intuitively, it seems there is a good match between the require-
ment for reactive power compensation to be provided adjacent
or near to load pockets and the growth and availability of dis-
tributed energy located at or near customer loads.”

When Lafayette Utilities System (LUS) in Lafayette,
Louisiana recently added to its generating capacity, it also pro-
vided grid support. The utility gets most of its power from a
523MW coal fired unit at the Rodemacher Power Station, but
rising demand and grid instability led LUS to add capacity
locally.

“We added 200MW of generation capacity here to accom-
modate the growth of our community as well as give us some
kind of insurance policy against the disruption of the transmis-
sion grid capacity,” says LUS Director of Utilities, Terry
Huval. “We have had some intense problems across the last
five or six years and have had 290 TLRs (Transmission
Loading Reliefs) since 2001. We believe it is important to
ensure our customers have reliable power.”

To address these issues, Lafayette Utilities built two new

13April 2007 

Continued on Page 14

“Most types of wind turbine generators
cannot do much to support grid volt-
age and they can even exacerbate
voltage problems just like any other
type of induction machine.”
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SSS has installed more
than 500 clutches on
GTs worldwide ranging
up to 300MW.

“In operation, the
combustion turbine
generator is started in a
normal fashion and syn-
chronized to the grid at
a very low power out-
put,” he explains. “The
generator is then uncou-
pled from the gas tur-
bine and runs as a syn-
chronous motor (with
no shaft load); its exci-
tation system adjusted
to supply or absorb
reactive power from the
grid.”

Since the gas tur-
bine is shut down, this
saves on both fuel costs
and turbine wear.
Magarie says that using
a turbine generator in
this fashion provides a
finer degree of control
than other voltage sup-
port technologies.

“Unlike switching fixed capacitors or reactors on the grid
to control grid voltage,” he says, “the synchronous condenser
is, relatively, infinitely variable and can follow load automati-
cally instead of in fixed steps using the generator control sys-
tem.”

He says that other utilities could similarly benefit in the
right circumstances.

“An example would be where combustion turbines are
being added to support new load growth in an area located at
the far end of a radial transmission line,” he says.
“Synchronous condenser conversion of retired generation
could also be considered in areas where the reactive power
requirements are high but other generation is available and the
addition of new generation is not cost effective or precluded for
other reasons.”

THE (VARIABLE) PRICE IS RIGHT
Finally, since congestion only occurs during peak usage,

variable pricing offers local utilities a means to cut peak time
usage and so reduce congestion. While commercial customers
have had this option for years, EPACT Section 1262 gave util-
ities 18 months to study the effectiveness of smart metering for
residential customers. Dr. Ahmad Faruqui of The Brattle Group
in San Francisco was part of a two-year $20 million dollar
study of 2,500 California residential customers. 

“There was skepticism that residential customers were too
busy or don’t spend enough on electricity to care about prices,”
he says. “That myth was shattered by this pricing experiment.”

The study found that when there was a five fold increase in

prices during critical peak situations, usage dropped by 13 per-
cent, which was more than enough to balance the power supply.
Following that study, the California PUC approved an applica-
tion by Pacific Gas and Electric (PG&E) for advanced meters
and dynamic pricing rates, and PG&E will install five million
electric and four million gas meters in Northern California over
the next five years. Those customers will then have the option
of moving to critical needs pricing rates. Southern California
Edison and San Diego Gas and Electric are pursuing similar
pans to bring another five million customers under smart pric-
ing.

“These three companies can set off a huge change in how
metering is done in the United States,” says Faruqui. “If
California pulls this off I am sure other states will give this seri-
ous consideration.”

NO SINGLE SOLUTION
People have a tendency to look for big, simple solutions to

problems. We see this in the area of health where, almost daily,
some new diet or food supplement is touted as the cure for what
ails man, only to be replaced soon thereafter by the next fad.
The fallacy is that health or obesity is a problem, rather than the
a variety of problems each with its its own cure. As with the
human body, there is no single solution to fixing the grid
because it is not a single problem, but a series of local ones. 

Each of the steps mentioned above, as well as the longer-
term DoE actions detailed in the sidebar have a role to play in
curing what ails the transmission networks. By correctly iden-
tifying the local problems, the correct solution can be selected
to improve grid health.

Electricity Today14

An illustration of the encased clutch. The green is the clutch output that connects to the generator. The red
is the clutch input that connects to the gas turbine. The blue is the clutch sliding component that can move
axially to engage the clutch teeth for power generation and disengage to allow generator synchronous
condensing.

State of the Grid
Continued from Page 13
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Let’s take a look at the status of the national grid. The
EPACT called for the Secretary of Energy to report to Congress
on network congestion and propose a five year plan to address
transmission issues. Pursuant to this Act, in August 2005 the
DoE released its National Electric Transmission Congestion
Study and a Five-Year Program Plan for Fiscal Years 2008 to
2012 for Electric Transmission and Distribution Programs.

The Congestion Study classified two areas as “Critical
Congestion Areas” - Southern California and the New York-
Washington corridor. Four areas were listed as “Congestion
Areas of Concern” - New England, Phoenix-Tucson, Seattle-
Portland and San Francisco Bay. 

While those areas are currently the most congested, the
study also found that other areas will face transmission conges-
tion if significant new capacity was added, especially if there is
a shift away from oil and natural gas. Some of the areas men-
tioned were wind power from Montana-Wyoming, Kansas-
Oklahoma and the Dakotas-Minnesota regions; nuclear power
in the Southeast; coal in Illinois, Indiana, and Upper
Appalachia; and various types of renewable energy in Southern
California.

The report also detailed the loads on specific lines in
the Eastern and Western Interconnections. In the East, it found
that “for the 2008 base case, the total cost of served load was
about $171 billion, and
congestion rent totaled
4.7%; for the 2011 high
case, the total cost of
served load was about
$202 billion, and con-
gestion rent totaled
5.1%.” While these fig-
ures are small as a per-
centage, they do add up
to $8 billion for 2008
and over $10 billion in
2011. The DoE found
that targeting a few
lines could relieve con-
gestion and cut costs. 

“Congestion is not
evenly spread around
the system, and a rela-
tively small portion of
constrained transmis-
sion capacity causes the
bulk of the congestion
cost that is passed
through to consumers,”
the report stated. “This
means that a relatively
small number of selec-
tive additions to trans-
mission capacity could
lead to major economic

benefits for many consumers.” 
Problems were not as severe in the West, where the most

congested line was the Bridger West line connecting coal fired
plants in Southern Wyoming to customers in Utah and Oregon.

The DoE’s Five Year Program lists its proposed actions in
eleven areas delineated by the EPACT:

- Advanced energy delivery technologies including energy
storage technologies, materials, and systems

- Advanced grid reliability and efficiency technologies
- Technologies contributing to significant load reductions
- Advanced metering, load management, and control tech-

nologies
- Technologies to enhance existing grid components
- High temperature superconductors
- Integration of distributed power systems including com-

bined heat and power
- Small-scale distributed and residential based power gen-

erators
- Advanced grid design, operations, and planning tools
- Other infrastructure technologies
- Technology transfer and education
The projects detailed in the paper are interesting, but they

are generally too long term to address immediate power distri-
bution needs.

TRANSMISSION

THE NATIONAL GRID - THE BIG PICTURE
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Editor’s note: Of the two case studies cited at
the end of the article, only the study of Madhya
Pradesh district is printed here.

INTRODUCTION
Expanding electrification and scal-

ing up electricity services is critical to
both the economic and social develop-
ment of India. The current state of elec-
tricity services across India can be said to
be acute, if not in a crisis mode. The
immediate manifestations of this crisis
are severe shortcomings in: a) access to
electricity for rural and urban poor, b)
generation capacity that cannot meet
peak demand and c) reliability of supply,
in terms of predictability of outages and
quality of power supply. The goal of this
report is to propose a set of policy levers
that can aggressively reform all three of
these issues at once.

National statistics tell a story of
problems afflicting generation, transmis-
sion, and distribution of electricity.
Shortages in energy demand and peak
power demand have been around 8% and
12% on average between 2000 and 2003.
Industry, farmers and households have
invested in a substantial amount of equip-
ment and capital in the form of captive
power plants, generators, inverters, and
voltage stabilizers to address issues of
supply and its quality. India, with an
average annual per capita electricity con-
sumption of 400 kWh, is far behind
countries such as China (900 kWh),
Malaysia (2500 Kwh), and Thailand
(1,500 kWh).

While large-scale reforms have
repeatedly been attempted in the past,
India’s achievement in the field of rural
access to electricity leaves much to be
desired. India is home to 35% of the
global population without access to elec-
tricity (Table 1) and only 44% of all rural
Indian households are electrified.
According to the 2001 Census, 6.02 crore

households use electricity as the primary
source of lighting out of a total of 13.8
crore households in the country.

Transmission and Distribution
(T&D) losses in India have risen from
25% in 1997-1998 to around 30% in
1999-2000. In countries such as China,
Malaysia, and Thailand, they are less
than 10%. The State Electricity Boards
(SEBs) that bear primary responsibility
for distribution face irregularities in
billing and rampant theft of electricity. It
is estimated that of the total power gener-
ated, only about 55% is billed, and
around 41% is realized. Cost recovery
has declined from 82% in 1992-1993 to
69% in 2001-2002. The loss per unit of
power sold increased from 23 paise in
1992-1993 to 110 paise
in 2001-2002. It is ironic
that over the period 1991-
1992 to 2001-2002, when
so many reforms were
introduced, the gross
power subsidy to agricul-
ture, domestic con-
sumers, and on inter-state sales has
increased by 364% (or 4.6 times) – from
Rs. 7,449 crores to Rs. 34,587 crores (or
about 1.5% of India’s GDP). While just
about everyone agrees on the end-point,
(restoring the financial health of the

SEBs and power utilities, increasing gen-
eration capacity, and lowering T&D loss-
es) how to tread the narrow and difficult
political path to achieving that goal
remains a challenge.

The Kutir Jyoti Scheme released in
1989 connected nearly 60 lakh house-
holds in 15 years or at a rate of approxi-
mately 4 lakh households per year. The
goal of the RGGVY scheme is to bring
similar coverage to 2.34 crore BPL
households (and an overall total of 7.8
crore households) within the next five
years. This is equivalent to a rate of 46
lakh new BPL households per year (and a
total of about 156 lakh households per
year) for the next five years. This is a rate
that is more than ten times the past rate of

electrification for Kutir
Jyoti. The additional gen-
eration capacity that will
be needed over the next
five years if this acceler-
ated pace (annual rural
electrification rate ten
times that of the past 15

years) of rural household electrification
is maintained would require about
14,000 MW of evening hours capacity
addition over the next five years. An
additional 14,000 MW of required gener-
ation capacity in the next five years

OPPORTUNITY AND CHALLENGE: DEVELOPING INDIA’S ELECTRICAL INFRASTRUCTURE

IMPROVING ELECTRICITY SERVICES IN RURAL
INDIA

By Vijay Modi, Earth Institute at Columbia University

Monetary units:
1 crore = 100 lakhs
1 lakh = 100,000 rupees
1 rupee = 100 paise

Table 1. Countries with large population without access to electricity

ET April  4/25/07  3:53 PM  Page 16



amounts to about 2800
MW/year. This new capacity
would have to be planned for,
whether it comes from con-
servation, reduced losses,
higher PLF, or new power
plants. It is also worth noting
that nearly half of this new
capacity would be needed
just in the three states of U.P.,
Bihar and W. Bengal. The
additional capacity require-
ment from the RGGVY
would be comparable to the
capacity additions since
2002. These requirements
would be over and above the
additional generation that
would be needed to fuel the
increase in electricity
demand that results from
robust economic growth and
the demand that would result if reliable
24-7 grid power were actually available.

Why is rural electrification impor-
tant?

Both the Government of India
Planning Commission’s strategy for the
development of rural India as well as the
United Nation’s Millennium
Development Goals (MDGs) for the next
ten years are inherently dependent on the
integration of electricity services to
achieve a set of varied development
goals. Viable and reliable electricity ser-
vices result in increased productivity in
agriculture and labor, improvement in
the delivery of health and education,
access to communications (radio, tele-
phone, television, mobile telephone),
improved lighting after sunset, facilitat-
ing the use of time and energy-saving
mills, motors, and pumps, and increasing
public safety through outdoor lighting.
Rural electrification at a household level
provides, at the very minimum, services
such as lighting and communications
(e.g. radio/television) and can increas-
ingly meet the aspirations of the rural
populations to own other household
appliances. Household electrification
also increases the likelihood that women
will read and earn income.

Under the current 5-Year Plan, the
Planning Commission states that rural
electrification and power service reforms
are high development priorities. The cen-
tral government also recognizes that the
current state of energy services could
significantly impede India’s economic
growth on a national scale – beyond the
rural and agrarian contexts. This realiza-

tion, along with India’s gradual econom-
ic upswing, has brought the depressed
state of energy service providers into the
forefront of energy sector reforms. The
failures of past Plans to revitalize power
services (less than half of the goals of the
Eight and Ninth Plans were implement-
ed) underscore the sense of hopelessness

that surrounds discussions of
the state of electricity in India
today.

Successes in electrifi-
cation and electricity services
can be achieved, nonetheless,
by boldly confronting the dif-
ficulties that have incapaci-
tated the power sector for
decades and by adopting a
multi-pronged approach to
re-vitalizing energy services
in India. Future efforts must
implement best practices and
address setbacks in all of the
following areas: distribution,
power generation, tariffs,
subsidies, monitoring and
implementation of govern-
ment schemes – in effect by
addressing all aspects of
energy generation and distri-

bution. While electrification rates have
generally increased over time (recent set-
backs recognize that a village as “electri-
fied” using a stricter definition of at least
10% hh as being electrified), as seen in
Figure 1, household electrification
nationally is still below 50% and the
states such as Uttar Pradesh with signifi-
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cantly lower rate of electrification as measured by fraction of
households that use electricity for lighting. The figure for U.P.
is about 30% for rural households. The per capita GDP and
electrification rates of all major states (population greater than
1 million) are shown in Figure 2.

HOUSEHOLD ELECTRICITY SERVICES AND THE RURAL
POOR

A recent World Bank study articulates the inability of cur-
rent methods of providing reliable and affordable electricity to
the rural poor. Agriculture’s mis-use of power and large gov-
ernment subsidies have frequently been blamed for the poor
state of power supply in rural areas. While the agricultural sec-
tor has received the highest power subsidies (Table 2), blaming
agriculture and particularly the rural poor for the failure of the
SEBs is misleading.

Poor rural households and poor farmers are among the
populations most in need of immediate relief. Currently, the
vast majority of poor rural households do not have access to

electricity in India. Electrification rates vary
dramatically between the urban poor (33%
without connection) and rural poor (77%
without connection), and obviously between
the rural poor and the urban rich. This
inequity impedes the development of poor
rural populations and underscores the fact
that India’s rural electrification programs
have not reached the most marginalized and
needy sections of society. Because such a
low number of rural households have grid
connections, only a small percentage of
rural poor have benefited from subsidies,
with the majority of subsidies benefiting
richer households. The GoI recognizes that
for many rural households the only source of
lighting is kerosene based and hence
kerosene at subsidized prices is distributed
through PDS in most states. Box 1 describes
kerosene consumption of rural households
in greater detail.

Irrigation pumping for agriculture
has been cited by many as one of the princi-
ple causes of poor cost recovery of SEBs
and a prime cause of the poor financial
health of the SEBs. However, one needs to
acknowledge that irrigation reduces poverty
by increasing employment, incomes and real

wages and by reducing food prices for rural and urban poor. In
India, in un-irrigated districts (less than 10% area irrigated),
69% of people are poor, while in irrigated districts (more than
50% area irrigated), poverty level drops to 26%. Agricultural
performance is fundamental to India's economic and social
development and will critically determine the success of efforts
in poverty reduction. Hence a sudden and substantial shift away
from current pricing of electricity for agriculture could jeopar-
dize agriculture, an activity that is the primary source of liveli-
hood in rural areas, accounting for 72% of India's population.
Irrigated areas in India contribute two-thirds of food grains out-
put and provide livelihood and income to more than 650 mil-
lion people in India. Of the 57 million net hectares of irrigated
area, as much as 34 million ha is from private investments in
tubewells, pump sets and water distribution channels. The poor
frequently pay a high fraction of their gross farm income for
irrigation as seen in Figure 3.

CASE STUDIES
To get sense of on the ground reali-

ty in the two states of Uttar Pradesh
(UP) and Madhya Pradesh (MP), one
district in each state and five villages
within each of these districts were
selected for field studies. The outline
of the methodological approach for the
study includes following major steps:

Selection of districts – Unnao dis-
trict in Uttar Pradesh and Raisen dis-
trict in Madhya Pradesh were identi-
fied by the Earth Institute at Columbia
University for the purpose of the study.

Selection of villages – Attempting
to capture the impact and attributes of
energy services provision, the develop-

Electricity Today18

Figure 2. Domestic product and percentage of electrified households

Table 2. Retail power tariffs by sector as per Planning Commission, 2002
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extrapolate, the village sur-
veys and studies were instru-
mental in providing a snapshot
of the conditions on the
ground. Data was collected
from various sources, which
resulted in problems in com-
paring data sets that did not
use the same scale.

ELECTRICITY SERVICES IN
THE STATE OF MADHYA

PRADESH
Madhya Pradesh was the

largest state in India and had
the fourth largest population
until it was split into two
states, Madhya Pradesh and
Chattisgarh in November
2000. The state economy has
shown robust growth averag-
ing 4.4 percent since 1980/81,
accelerating to 5 percent dur-
ing 1990/96. The contribution
of the primary sector in state
domestic product has declined
gradually over time and the
contribution of services and industry has risen consistently.
Similarly, the share of manufacturing and construction has
risen from 21.4 percent to 23.0 percent during the same peri-
od. Despite its growth, MP is still one of the poorest states in
India. In 1999/2000, the per capita annual income was Rs
11,244 as compared with Rs 14,682 at the national level. The
percentage of the population living below the poverty line was
37.4 in 1999/2000, much higher than the national figure of
26.1 percent.

The 2001 census states that 97% of MP is electrified. The

mental indicators used for the
purpose of village selection were:

• Percentage of SC/ST popu-
lation in the villages;

• Percentage of literacy level;
• Percentage of marginal

workers.
As per information available

from the Census of India 2001,
villages in both districts were
ranked on each of the three indi-
cators. The individual indicator
ranking for each village was
aggregated to develop a compos-
ite integrated rank indicator for
each village in the district. The
integrated rank indicators were
statistically segregated over 4
quartiles. Ten villages were
selected from each of the three
inter-quartile boundaries and 10
each from the lowest and highest
aggregated ranks. The final 5 vil-
lages were chosen to ensure that
the villages were geographically
spread across tehsils.

DATA COLLECTION
Surveys were conducted in the ten sampled villages (five

in each district). Focus group discussions were held in the
communities to assess the status of services. The following
sources were tapped to collect relevant information about elec-
tricity services in rural India:

Madhya Pradesh State Electricity boards, circle office
Bhopal and Raisen.

Uttar Pradesh State Electricity boards, Unnao.
Public Health and Engineering Department, Bhopal and

Raisen
Rajiv Gandhi Mission, Bhopal
District Agriculture department, Raisen
District water resources department, Raisen
Uttar Pradesh Jal Nigam, Unnao
District NIC office, Raisen and Unnao
Census of India office, Delhi
NSSO
Consultation with key stakeholders - The key stakeholders

that were consulted for the purpose of the study are:
Chief Engineer, Madhya Pradesh SEB, Raisen
Chief Engineer, Uttar Pradesh SEB, Unnao
District Collector, Raisen and Unnao
PHED officials in Bhopal
UP Jal Nigam, officials, Unnao
Panchayat members- Sarpanch

Despite the fact that the team visited the PHED/Jal Nigam
office several times, officials of the PHED / Jal Nigam, Raisen
and Unnao were not available for discussion.

The primary data helped in assessing the current ground
realities, quality of access and constraints faced at the field
level. Data was used to identify gaps in planning and imple-
mentation. The secondary data and discussion with the utility
officials has helped understand the point of view of end users
and providers. While the sample size may be too small to

19April 2007 
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census data also shows that only about 70% of households
across the state use electricity as a primary source of lighting -
90% in urban areas and about 60% in rural areas. Nearly 1.32
million pumps have been energized in the state, which consti-
tute 9.6% of all pump sets energized across the country.

KEY ISSUES IN CURRENT ELECTRICITY SERVICES
Table 7 provides a snapshot of the state of the Madhya

Pradesh State Electricity Board’s (MPSEB) service capacity.
The accompanying map (Figure 5) provides district-wise data
on electrification.

LOAD RESTRICTIONS
The 2003-04 energy balance sheet shows that in addition

to the load relief of 2,230 million units, the Madhya Pradesh
State Electricity Board (MPSEB) undertook load shedding of
1,438 million units that year. Power demand grew by 6.4 per-
cent in 1999-2000. According to the SLDC, while the regis-
tered maximum demand was 4,984 million units in January
2004, the unrestricted maximum demand would be 6,033 mil-
lion units during the same period.

Despite the sound operating performance of MPSEB gen-
erating plants, the peak demand-supply gap in the state has
been growing. This unserved demand results from planned
(load relief) and unplanned (load shedding) cuts. In response to
the shortage, MPSEB resorts to load restrictions for high ten-
sion, low tension, and rural consumers. According to the SLDC
energy balance sheet for the year 2003-04, while average sup-
ply at divisional headquarters ranged between about 20 to 23
hours, supply at the tehsil level varied from about 14 to 23
hours per day. Rural 3-phase supply during the year, however,
fluctuated from an average supply of 3.26 hours in January
2003 to about 23 hours in August 2003. Quality of supply has
also suffered due to growing demand and overloading of the
transmission and distribution network; the transmission system
was operating at lower than normal frequency and voltage for
over 50 percent of that year.

PRIVATE SECTOR PARTICIPATION
In response to growing supply gap, the Government of

Madhya Pradesh (GoMP) initiated a policy to invite private
power producers to enter into power purchase agreements with
a total of 17 sponsors. However, the IPPs have been finding it
difficult to achieve financial closure due to the insufficient
escrow capacity of the MPSEB. The term escrow used here
refers to the deposition of the revenue stream from a specific
revenue collection center, e.g., a distribution unit, into a sepa-
rate account in an identified bank, an escrow agent. In the
power sector this mechanism is mostly used to guarantee pay-
ment of an independent power producer, to whom the primary
claim on a revenue stream from a distribution zone is trans-
ferred or escrowed.

As per the MPSEB status on private sector participation in
generation, of the 11 projects under consideration aggregating
3308.9 MW of capacity addition, only 4 projects aggregating
1426 MW have achieved closure. The MPSEB also acknowl-
edges that 7 of the proposed 11 projects are likely to depend
upon the future escrow capacity of the MPSEB.

TARIFF, SUBSIDIES AND FINANCIAL RESTRUCTURING
The immediate reasons for the financial problems of

MPSEB appear to be an outcome of the GoMP policy to pro-
vide free power to single-point connections (un-metered con-

nections intended for operation of a single power outlet point
only) in urban and rural areas and for agricultural pump con-
nections of up to 5 horsepower. Moreover, GoMP instructed
MPSEB to supply almost free electricity to rural electricity
cooperative committees (Rs .07 per kWh) and to pursue a vig-
orous rural electrification program. This resulted in lopsided
growth rates in the domestic and primarily agriculture sectors
at the expense of the industrial and commercial consumer cate-
gories. Industrial consumption was 82.7 percent of total energy
consumption in 1970-71, but dropped to only 20 percent of
consumption in 1999-2000. During the same period, the per-
centage of agricultural consumption rose from 3.4 percent to 41
percent.

The situation has been corrected to some extent with the
formation of the Madhya Pradesh Electricity Regulatory
Commission (MPERC) in 1998 and the subsequent passage of
3 tariff orders emphasizing efficiency improvements and reduc-
tion in cross subsidy levels. The State Power Sector Rating
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Figure 5. District-wise use of electricity as primary source of light-
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report of the MoP has highlighted the
MPERC’s latest tariff order (2005-06) as
a key positive influence. The timing of
such tariff orders, however, deprives the
utility of the benefits of the revised tariffs
for the full financial year. With low levels
of subsidy payments in cash by the
GoMP to the utility (about 45 percent)
and estimated Aggregate Technical and
Commercial (AT&C) losses of 46 per-
cent, the finances of the restructured util-
ities are further strained.

Utilities that default on loan pay-
ments to both the state government and
external agencies is a continuing cause
for concern. The GoMP needs to resolve
the issue of past liabilities as part of the
restructuring and unbundling exercise.
The financial restructuring plan for the
restructured utilities, awaiting clearance
form the GoMP, is expected to address a
number of these issues.

SYSTEM LOSSES
From 1994-95 to 1998-99, transmis-

sion and distribution (T&D) losses have
varied within the range of 19.6 percent to

20.9 percent. The State Power Sector
Rating Report for 2005 has estimated
AT&C losses in the state at 46 percent
and assigned the utility a score of 3.25 on
a maximum of 21 on T&D parameters.
According to the tariff petition of 2005,
the MPSEB has achieved 100% metering
at 33 KV (2,791 nos) and 11KV (5,726
nos) feeders. Furthermore, in the fiscal
year of 2004 the utility generated a total
of 14,523.56 million units and purchased
an additional 14,035.32 million units.
Despite this, of the aggregated 28,559
million units input into the system during
the year, sale was recorded for 15,996
million units, showing a loss of 44 per-
cent.

The MPERC’s multi-year goals for
reduction in losses are unlikely to be
achieved. In FY04, while the average
cost of a unit sold was 4.03 Rupees, the
average revenue excluding subsidy was
only 3.42 Rupees. Because subsidized
sale accounts for 61.8 percent of all elec-
tricity sold and 33 percent of all electric-
ity sold is un-metered, collections are
minimized. The 2004 Management and

Information Systems (MIS) report of the
MPSEB estimates that 22.7 percent of all
consumers are un-metered.

CONCLUSIONS
Despite noticeable progress, the sec-

tor’s financial variability and sustainabil-
ity remain an area of concern. The
GoMP’s commitment to reform in the
sector has been consistent but progress
on critical parameters including settle-
ment of past arrears and unfunded pen-
sion liabilities requires immediate atten-
tion. In addition, the efforts of the
MPERC to rationalize the tariff structure
needs to be supplemented with the
GoMP’s commitment to timely release of
the full subsidy in cash. The generation
sector has shown the best performance
since restructuring and the state govern-
ment has supported the growth in state-
owned generation capacity by 18 percent
(base year 2002). However, in the
absence of concrete actions to check the
high AT&C losses, the desired impact of
restructuring and unbundling the MPSEB
may continue to elude the consumer.
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AREVA T&D held its 6th Technical
Days Conference in India recently, and
after two days of presentations and dis-
cussions, one thing was abundantly clear
- India is on the cusp of becoming an
economic giant, and AREVA is at the
forefront of making that happen.

The session, held April 5 and 6,
brought everyone up to date on the oper-
ations of the Transmission and
Distribution division and India's energy
challenges, the T&D market and associ-
ated strategy.

A tour of AREVA's Chennai plants
was included in the itinerary, underlining
the commitment of the French company
in developing India’s transmission and
distribution needs and with an eye to
expanding their export market.

AREVA is renowned the world over
for carbon dioxide-free power generation
and electricity transmission and distribu-
tion. It is also a world leader in nuclear
power and the only company to cover all
industrial activities in this field - but as
the Chairman & CEO of AREVA T&D
Philippe Guillemot was quick to point
out, the technical days were about trans-
mission and distribution in India, not
nuclear.

The transmission and distribution
arm of AREVA is but one of four divi-
sions. They are:

NUCLEAR ENERGY
Front-End Division: involved in the

nuclear fuel fabrication from uranium
ore;

Reactors & Services Division: spe-
cializing in the design, construction and
maintenance of nuclear reactors;

Back-End Division: dealing with
spent fuel reprocessing and recycling
operations, dismantling of decommis-
sioned installations;

and separate from the nuclear divi-
sions, the T&D Division: offering solu-
tions for electricity transport.

The AREVA T&D division supplies
products, systems and services for elec-
tricity transmission and distribution.
They are used to regulate, switch, trans-

form and dispatch electric current in
electric power networks connecting the
power plant to the final user.

The division's customers are electric
utilities as well as the oil, mining and
metals, wind energy, paper and glass,
transportation, and power engineering
industries. This T&D division consists of
the four following business units:

PRODUCTS
The Products business unit designs,

manufactures and delivers a complete
range of products covering every stage of
electric power transmission and distribu-
tion.

The business unit operates produc-
tion units in 25 countries on six conti-
nents. The group serves more than
30,000 customers around the globe. The
key strengths of the Products business are
its research and development expertise,
its understanding of changing customer
requirements, quality management, and
optimized production site operations.

SERVICES
In addition to product-related ser-

vices, the Services business unit provides
network management services, operating
support, and maintenance services to
power companies.

The business unit offers medium-
and long-term contracts covering the
entire life cycle of its customers' electric
power systems. These contracts allow
power companies to optimize equipment
costs and performance while ensuring
operator safety.

SYSTEMS
The Systems business unit offers

turnkey projects and grid management
systems, offering their substation engi-
neering experience, electric power sup-
ply system expertise, command of
advanced technologies, and project man-
agement know-how.

AUTOMATION
The Automation business unit helps

develop fully integrated energy manage-
ment networks. The business is built
around three main activities: automation
and information systems, automation

products and application and support ser-
vices.

The business unit supplies equip-
ment and information technology sys-
tems, including computerized power
management systems used to operate
power transmission networks, determine
customer needs and regulate the flow of
power from power plants to the distribu-
tion network.

In Chennai, AREVA T&D has an
automation plant in Pallavaram and a
high voltage switchgear plant in
Perugundi. Countrywide, AREVA T&D
is looking to be a key player in develop-
ing ultra-high voltage in the Direct and
Alternating Current fields.

A major component of the 6th
Technical Days Conference was the input
from local officials on the challenges that
country faces (chronic power outages,
rampant electricity theft and corruption,
insufficient or aging infrastructure), and
how best to overcome them. The massive
$12 billion Golden Quadrilateral high-
way express project in metro Delhi, the
$430 million International airport in
Bangalore and Hyderabad’s HITEC City
are all examples of India’s efforts to
modernize its infrastructure - and ample
evidence of the greater need to bring a
stable supply of electricity to these areas.

A staggering 69,000 megawatts
worth of projects have already passed the
engineering and technical specifications
for 2008-2012, with the majority of these
projects already under construction (the
remainder due to go to tender within the
next nine months).

This Herculean increase in genera-
tion for India is indicative of the massive
leap forward this country is taking as one
of the premier nations of the world.
AREVA’s decision to invest and develop
their transmission and distribution facili-
ties in India made clear that the technical
days were more than just talk, but a com-
mitment of resources and expertise that
will ensure AREVA will be a major play-
er in what may very well be the world’s
next superpower in the 21st century.

AREVA T&D STEPS UP TO MEET INDIA’S ENERGY
CHALLENGES

OPPORTUNITY AND CHALLENGE: DEVELOPING INDIA’S ELECTRICAL INFRASTRUCTURE

By Don Horne
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Romulus Munteanu, a Manufacturing
Engineering Manager with W.C. Wood
Company Ltd. in Guelph, Ontario writes:

“I consider your magazine one of the
best from all available technical publica-
tions.”

Russell Power, an Engineering Planner
with Serco in Happy Valley-Goose Bay
Newfoundland-Labrador writes:

“Your publication has provided the
company with valuable information and
reference material in the past. Your maga-
zine is passed down to the installers and
maintenance people; they look forward to
your magazines.”

Scott Morris, a Technical Supervisor
with Hydro One in Hornby, Ontario
writes:

“I enjoy your magazine and find many
topics applicable to my job. Thanks.”

John Quartermain, Operations
Supervisor with New Brunswick Power
Corporation in St. Stephen, New
Brunswick writes:

“I enjoy your magazine and so do the
guys in the crew room. Keep up the good
work.”

Leslie Field, Senior Product Engineer
with General Electric Company in Anasco,
Puerto Rico writes:

“I would like to see more articles on
Protective Relays, especially transformer
and distance protective relays.”

Lynn Wong, Electrical Discipline
Manager with SNC-LAVALIN Inc. in
Edmonton, Alberta writes:

“Excellent magazine; informative.”

Philip Wood, Practices and Procedures
Engineer with the Toronto Transit
Commission in Toronto, Ontario writes:

“Electricity Today is a good reference
for me. Every issue contains a lot of use-
ful and practical information that is relat-
ed to my work.”
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When foreigners say Bangalore is
India’s version of Silicon Valley, the
high-tech office park called Electronics
City is what they’re often thinking of.
But however much Californians might
hate traffic-clogged Route 101, the main
drag though the Valley, it has nothing on
Hosur Road. This potholed, four-lane
stretch of gritty pavement — the primary
access to Electronics City — is pure
chaos. Cars, trucks, buses, motorcycles,
taxis, rickshaws, cows, donkeys, and
dogs jostle for every inch of the roadway
as horns blare and brakes squeal. Drivers
run red lights and jam their vehicles into
any available space, paying no mind to
pedestrians clustered desperately on
median strips like shipwrecked sailors. 

Pass through the six-foot-high con-
crete walls into Electronics City, though,
and the loudest sounds you hear are the

chirping of birds and the whirr of electric
carts that whisk visitors from one steel-
and-glass building to the next. Young
men and women stroll the manicured
pathways that wend their way through
the leafy 80-acre spread or coast quietly
on bicycles along the smooth asphalt
roads.

With virtually no mass transit in
Bangalore, Indian technology firm
Infosys Technologies Ltd. spends $5 mil-
lion a year on buses, minivans, and taxis
to transport its 18,000 employees to and
from Electronics City. And traffic jams
mean workers can spend upwards of four
hours commuting each day. “India has
underinvested in infrastructure for 60
years, and we’re behind what we need by
10 to 12 years,” says T.V. Mohandas Pai,
director of human resources for Infosys.

India’s high-tech services industry

has set the country’s economic flywheel
spinning. Growth is running at 9%-plus
this year. The likes of Wal-Mart,
Vodafone, and Citigroup are placing
multibillion-dollar bets on the country,
lured by its 300 million-strong middle
class. In spite of a recent drop, the
Bombay stock exchange’s benchmark
Sensex index is still up more than 40%
since June. Real estate has shot through
the roof, with some prices doubling in the
past year.

But this economic boom is being
built on the shakiest of foundations.
Highways, modern bridges, world-class
airports, reliable power, and clean water
are in desperately short supply. And
what’s already there is literally crum-
bling under the weight of progress.
Economic losses from congestion and
poor roads alone are as high as $6 billion
a year, says Gajendra Haldea, an adviser
to the federal Planning Commission.

For all its importance, the tech ser-
vices sector employs just 1.6 million peo-
ple, and it doesn’t rely on good roads and
bridges to get its work done. India needs
manufacturing to boom if it is to boost
exports and create jobs for the 10 million
young people who enter the workforce
each year. Suddenly, good infrastructure
matters a lot more. Yet industry is hob-
bled by overcrowded highways where
speeds average just 20 miles per hour.
Some ports rely on armies of laborers to
unload cargo from trucks and lug it onto
ships. Across the state of Maharashtra,
major cities lose power one day a week to
relieve pressure on the grid. In Pune, a
city of 4.5 million, it’s lights out every
Thursday — forcing factories to maintain
expensive backup generators.
Government officials were shocked last
year when Intel Corp.  chose Vietnam
over India as the site for a new chip
assembly plant. Although Intel declined
to comment, industry insiders say the
reason was largely the lack of reliable
power and water in India.

Add up this litany of woes and you
understand why India’s exports total less
than 1% of global trade, compared with
7% for China. Says Infosys Chairman

CRUMBLING ROADS, JAMMED AIRPORTS,
POWER BLACKOUTS COULD HOBBLE GROWTH

OPPORTUNITY AND CHALLENGE: DEVELOPING INDIA’S ELECTRICAL INFRASTRUCTURE
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N.R. Narayana Murthy: “If our infra-
structure gets delayed, our economic
development, job creation, and foreign
investment get delayed. Our economic
agenda gets delayed — if not derailed.”

The infrastructure deficit is so criti-
cal that it could prevent India from
achieving the prosperity that finally
seems to be within its grasp. Without reli-
able power and water and a modern
transportation network, the chasm
between India’s moneyed elite and its
800 million poor will continue to widen,
potentially destabilizing the country.
Jagdish N. Bhagwati, a professor at
Columbia University, figures gross
domestic product growth would run two
percentage points higher if the country
had decent roads, railways, and power.
“We’re bursting at the seams,” says
Kamal Nath, India’s Commerce &
Industry Minister. Without better infra-
structure, “we can’t continue with the
growth rates we have had.”

The problems are even contributing
to overheating in the economy. Inflation
spiked in the first week of February to a
two-year high of 6.7%, due in part to bot-
tlenecks caused by the country’s lousy
transport network. Up to 40% of farm
produce is lost because it rots in the fields
or spoils en route to consumers, which
contributes to rising prices for staples
such as lentils and onions.

India today is about where China
was a decade ago. Back then, China’s
economy was shifting into overdrive, but
its roads and power grid weren’t up to the
task. So Beijing launched a massive
upgrade initiative, building more than
25,000 miles of expressways that now
crisscross the country and are as good as
the best roads in the U.S. or Europe.
India, by contrast, has just 3,700 miles of
such highways. It’s no wonder that when
foreign companies weigh putting new

plants in China vs. India to produce glob-
al exports, China more often wins out.

China’s lead in infrastructure is like-
ly to grow, too. Beijing plows about 9%
of its GDP into public works, compared
with New Delhi’s 4%. And because of its
authoritarian government, China gets
faster results. “If you have to build a road
in China, just a handful of people need to
make a decision,” says Daniel Vasella,
chief executive of pharmaceutical giant
Novartis. “If you want to build a road in
India, it’ll take 10 years of discussion
before you get a decision.”

Blame it partly on India’s revolving-
door democracy. Political parties typical-
ly hold power for just one five-year term
before disgruntled voters, swayed by
populist promises from the opposition,
kick them out of office. In elections last
year in the state of Tamil Nadu, for
instance, a new government was voted in
after it pledged to give free color TVs to
poor families. 

Then there’s “leakage” — India’s
euphemism for rampant corruption.
Nearly all sectors of officialdom are rid-
dled with graft, from neighborhood cops
to district bureaucrats to state ministers.
Indian truckers pay about $5 billion a
year in bribes, according to the watchdog
group Transparency International.
Corruption delays infrastructure projects
and raises costs for those that move
ahead.

Fortunately, after decades of under-
investment and political inertia, India’s
political leadership has awakened to the
magnitude of the infrastructure crisis. A
handful of major projects have been com-
pleted; others are moving forward. Work
on the Golden Quadrilateral — a $12 bil-
lion initiative spanning more than 3,000
miles of four- and six-lane expressways
connecting Mumbai, Delhi, Kolkata, and
Chennai — is due to be completed this

year. The first phase of a new subway in
New Delhi finished in late 2005 on bud-
get and ahead of schedule. And new air-
ports are under construction in Bangalore
and Hyderabad, with more planned else-
where. “We have to improve the quality
of our infrastructure,” Prime Minister
Manmohan Singh told a gathering of tech
industry leaders in Mumbai on Feb. 9.
“It’s a priority of our government.”

Singh, in fact, is promising a
Marshall Plan-scale effort. The govern-
ment estimates public and private organi-
zations will chip in $330 billion to $500
billion over the next five years for high-
ways, power generation, ports, and air-
ports. In addition, leading conglomerates
have pledged to overhaul the retailing
sector. That will require infrastructure
upgrades along the entire food distribu-
tion chain, from farm fields to store
shelves.

Envisioning a brand-new India is the
easy part; paying for it is another matter.
By necessity, since the country’s public
debt stands at 82% of GDP, the 11th-
worst ranking in the world, much of the
money for these new projects will have to
come from private sources. Yet India cap-
tured only $8 billion in foreign direct
investment last year, compared with
China’s $63 billion.

Just about every foreign company
operating in India has a horror story of
the hardships of doing business there.
Nokia Corp. saw thousands of its cellular
phones ruined last October when a ship-
ment from its factory in Chennai was
soaked by rain because there was no
room to warehouse the crates of handsets
at the local airport. Japan’s Maruti
Suzuki says trucking its cars 900 miles
from its factory in Gurgaon to the port in
Mumbai can take up to 10 days. That’s
partly due to delays at the three state bor-
ders along the way, where drivers are
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stalled as officials check their papers. But
it’s also because big rigs are barred from
India’s congested cities during the day,
when they might bring dense traffic to a
standstill. Once at the port, the Japanese
company’s autos can wait weeks for the
next outbound ship because there’s not
enough dock space for cargo carriers to
load and unload.

Companies often have no choice but
to make the best of a bad situation. Cisco
Systems Inc., the American networking
equipment giant, has had a research and
development office in India since 1999
and already has 2,000 engineers in the
country. To supply the country’s fast-
growing telecommunications industry,
Cisco decided last year to try its hand at
making some parts locally. In December
it contracted with another company to
build Internet phones in the southeastern
city of Chennai. Although Cisco says the
quality of the workmanship is up to
snuff, it has to fly parts in because the
ports are so slow — and getting them to
the factory right when they’re needed is
proving nettlesome. “We believe in man-
ufacturing in India, but we don’t believe
in logistics in India — yet,” says Wim
Elfrink, Cisco’s chief globalization offi-
cer. Elfrink adds that unless the Chennai
operation demonstrates it can run as effi-

ciently as Cisco setups elsewhere, it
won’t go into full production this sum-
mer as planned.

Even the world’s largest maker of
infrastructure equipment is constrained
by India’s feeble underpinnings. General
Electric Co. last year sold $1.2 billion
worth of gear such as power generators
and locomotives in India, more than dou-
ble what it billed in 2005. To meet that
surging demand, it is scrambling to find a
location where it can manufacture loco-
motives in partnership with India
Railways. But when GE dispatched three
employees to survey a potential site the
railway favored in the northern state of
Bihar, the trio returned discouraged. It
took five hours to drive the 50 miles from
the airport to the site, and when they got
there they found... nothing. “No roads, no
power, no schools, no water, no hospitals,
no housing,” says Pratyush Kumar, pres-
ident of GE Infrastructure in India.
“We’d have to create everything from
scratch,” including many miles of rail-
road tracks to get the locomotives out to
the main lines.

But there is a silver lining for GE
and other international giants: India’s
infrastructure deficit could yield huge
opportunities. American executives who
traveled to India last November on the

largest U.S. trade mission ever were tan-
talized by the possibilities. Jennifer
Thompson, director of international plan-
ning at Oshkosh Truck Corp., viewed
construction projects where swarms of
workers carried wet concrete in buckets
to be poured. That told her there’s great
potential in India for selling Oshkosh’s
mixer trucks. “There are infrastructure
challenges, but we see a lot of opportuni-
ties to help them meet those challenges,”
she says.

That explains why so many multina-
tionals are flocking to India. Take hotel
construction: In a country with only
25,000 tourist-class hotel rooms (com-
pared with more than 140,000 in Las
Vegas alone), companies including
Hilton, Wyndham, and Ramada have
plans for 75,000 rooms on their drawing
boards. Or consider telecom. Because of
deregulation and ferocious demand,
India boasts the fastest growth in cell-
phone service anywhere, with companies
adding some 6 million new customers a
month. No wonder Britain’s Vodafone
Group PLC just ponied up $11 billion for
a controlling interest in Hutchison Essar,
India’s No. 4 mobile carrier. U.S. private
equity outfits also want in on the action.
On Feb. 15, Blackstone Group and
Citigroup announced they are teaming up
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with the Indian government and the
Infrastructure Development Finance
Corp. to set up a $5 billion fund for infra-
structure investments in India.

But while the laws of supply and
demand would argue that India’s infra-
structure gap can be filled, that logic
ignores the corrosive effect of the coun-
try’s politics. To gain the favor of voters,
Indian politicians have long
subsidized electricity and
water for farmers, a policy
that has discouraged private
investment in those areas.
That’s what wrecked the
now-infamous Dabhol Power
plant. In the late 1990s,
Enron, GE, and Bechtel
spent a total of $2.8 billion
building a huge complex near
Mumbai capable of produc-
ing more than 2,000
megawatts of electricity. But
a government power authori-
ty set prices so low that it was
uneconomical for Dabhol to
operate, and the whole deal
fell apart. (The plant, taken over by an
Indian organization, now runs only fitful-
ly.) A 2001 law was supposed to create a
framework to support private investment
in power generation. But according to
American construction company execu-
tives, it’s not working well. “Everybody
knows what needs to be done, but they
have great difficulty doing it,” says one
of the Americans. “If the party in opposi-
tion offers subsidized power, the party in
power has to give subsidized power to get
reelected.”

Politicians who refuse to play the
game pay a steep price. N. Chandrababu
Naidu, the former chief minister of the
state of Andhra Pradesh, transformed the
state capital of Hyderabad from a back-
water into a high-tech destination by
building new roads, widening others, and
aggressively carving out land for facto-
ries and office parks. Google, IBM,
Microsoft, and Motorola have all built
R&D facilities there.

His reward? Voters tossed him out of
office two years ago. During his decade
in power, Naidu didn’t do enough for
rural areas, and his challenger promised
to channel state funds into irrigation pro-
jects and electricity subsidies. “Naidu
thought economics were more important
than politics. He was wrong,” says V.S.
Rao, director of the Birla Institute of
Technology & Science in Hyderabad.
Naidu, 56, is plotting a comeback in elec-
tions two years hence. This time, he’s

preaching a new gospel. “You can’t just
target growth,” says a chastened Naidu.
“You have to create policies that make
the wealth trickle down to the common
man.”

But even when politicians say
they’re beefing up infrastructure, it rarely
helps the poorest Indians. Agriculture is
stagnant in part because of a lack of the

most rudimentary of
roads to get to and from
fields. N. Tarupthurai, for
instance, scratches out a
living from a five-acre
plot in Jinnuru, a village
in northeastern Andhra
Pradesh. But his fields
are more than a mile
from the nearest paved
road, so each day the 40-
year-old Tarupthurai
must carry his tools,
seeds, fertilizer, and
crops down a dirt path on
his back or on his bicy-
cle. “I have asked for a
road, and the government

says it’s under consideration,” says the
mustachioed, curly-haired farmer. Then
he shrugs.

One reason little practical help
makes it from the seats of power to
India’s impoverished villages is that so
much money gets siphoned off along the
way. With corrupt officials skimming at
every step, many public works projects
either go over budget or are never com-
pleted. “You figure that 25% of the cost
goes to corruption,” says Verghese Jacob,
head of the Byrraju Foundation, which
promotes rural development. “And then
they do such a bad job that the road falls
apart in one year and has to be patched
over again,” Jacob says as he jostles
along in a car on a potholed byway out-
side Hyderabad.

None of the solutions to India’s
infrastructure challenges are simple, but
business leaders, some enlightened gov-
ernment officials, and even ordinary citi-
zens are chipping in to make things bet-
ter. The most potent weapon India’s
reformers have against corruption is
transparency. Last October a new right-
to-information law went into effect
requiring both central and state govern-
ments to divulge information about con-
tracts, hiring, and expenditures to any cit-
izen who requests it. The country is also
putting to work its vaunted technology
prowess to police the government.
Officials in 200 districts are using soft-
ware from Tata Consultancy Services

Ltd. to help monitor a government pro-
gram that offers every rural household a
guarantee of 100 days of work per year.
Most of this labor goes into public works.
To minimize “leakage”, the TCS soft-
ware tracks every expenditure — and
makes all of the information available
real-time on a Web site accessible to any-
one.

Sometimes frustrated Indians take
matters into their own hands. Tired of
spending four-plus hours a day in traffic,
Aruna Newton last fall helped organize
something of a women’s crusade to speed
up infrastructure improvements. Nearly
15,000 volunteers now monitor key road
projects and meet with state officials to
press for action. They even enlisted the
state chief minister’s mother, who helped
get his attention. “It’s about the collective
power of the people,” says Newton, a 40-
year-old vice-president for Infosys. “I
just wish building a road was as easy as
writing a software program.”

Increasingly, companies trying to
expand in India have the government as a
willing partner rather than a roadblock.
The state of Andhra Pradesh rolled out
the red carpet last year for MAS
Holdings Ltd. of Sri Lanka, South Asia’s
largest garment manufacturer. It
promised subsidized electricity, new
access roads, and even a deepwater port
if the company would place a huge indus-
trial park on the southern coast. Now
MAS Holdings plans to build a cluster of
factories that will eventually employ
30,000 production workers. And it chose
India over China. “The government sup-
port was absolutely vital,” says John
Chiramel, India director for MAS
Holdings. “If we can work together,
there’s no stopping growth in this coun-
try.”

— Don Horne, Electricity Today
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Meaningfully addressing global climate change concerns
necessarily entails curbing the greenhouse gas (GHG) emis-
sions of key developing economies. In 2002 China and India
together accounted for roughly 18% of global CO2 emissions,
the leading human cause of climate change. These countries’
growth in GHG contribution outpaces that of the U.S. and the
European Union (E.U.), and by 2020 they will together account
for one quarter world’s CO2 emissions (Figure 1). Engaging
China and India in climate change agreements is difficult
because climate concerns understandably take a backseat to the
priority these countries place on development. Traditional
approaches to involving reluctant countries in international cli-
mate policy have proven incapable of enticing or coercing the
cooperation of these countries.

Presently, the Kyoto Protocol’s Clean Development
Mechanism (CDM) is recognized as the principal international
apparatus for engaging developing countries in GHG abate-
ment. However, poor oversight and governance, as well as gam-
ing have plagued the CDM, and we anticipate that the mecha-
nism’s ultimate impact on developing countries’ baseline emis-
sions will be modest (Figure 2). Furthermore, those changes
that the CDM exacts are marginal and do not create game-
changing technology or infrastructure necessary to curb devel-
oping world emissions in the long run. For example, in practice,
CDM projects have not adequately addressed developing coun-
tries’ reliance on coal. And as of December 2005, less than a
quarter of the CDM market was devoted to projects aimed at
reducing CO2 emissions (Figure 3).

“DEVELOPMENT FIRST”
We assert that effectively engaging developing countries in

climate change abatement regimes requires infrastructure
investments that accommodate the high energy demands of eco-
nomic growth and development. Espousing this theory of
“development first”, we formulate here two possible “deals”
that could occur in China and India with
assistance from the developed world.
Both plans are built on the assumption
that these countries will participate in a
CO2 abatement program only if the pro-
gram assists (or at least accommodates)
their unhindered procurement of the
energy needed to foster economic and
population growth.

INDIA
India’s total primary energy con-

sumption was 376 million tonnes of oil
equivalent (Mtoe) in 2004 and is expect-

ed to reach 829 Mtoe by 2020. As with China, coal dominates
India’s electricity landscape, accounting for about 60% of total
installed capacity. Table 1 details India’s projected capacity.

We explore the carbon implications of the recent deal
between India and the U.S. to share and implement nuclear
energy technologies. While there are a range of assumptions of
the amount of new capacity this technology transfer could pro-
vide by 2020, we analyze a middle-of-the-road estimate of 30
GW of new nuclear capacity. Under this scenario, nuclear
would save 218 million tonnes of CO2 if it displaced only coal
capacity, and 83 million tonnes if it replaced exclusively gas. In
practice, nuclear capacity would likely replace a mix of both
coal and gas, and the emissions reduction would fall within this
range.

We make the following
assumptions about the load factor
and carbon intensity of coal, gas,
and nuclear plants in India (Table
2).

The carbon implications of
new nuclear capacity are deter-
mined by calculating the annual
energy produced by the nuclear
plants and estimating the displaced
CO2 emissions from coal and nat-
ural gas. Note that 30 GW of
nuclear capacity displaces 32 GW
of coal capacity, owing to coal’s

GREENHOUSE GAS IMPLICATIONS IN LARGE
SCALE INFRASTRUCTURE INVESTMENTS IN

DEVELOPING COUNTRIES
By Mike Jackson, Sarah Joy, Thomas C. Heller, and David G. Victor

OPPORTUNITY AND CHALLENGE: DEVELOPING INDIA’S ELECTRICAL INFRASTRUCTURE

Figure 1: Implications of Coal Displacement in China in 2020

Table 1: India Reference Scenario
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lower load factor (Table 3).
The CO2 implications of replacing coal or gas

with a range of installed nuclear capacities are pro-
vided in Figure 2. Assuming nuclear will displace a
mixture of coal and gas, the carbon reductions for
any given nuclear capacity will fall between these
two lines.

CONCLUSION
The deals modeled in this paper are meant to

demonstrate that well-structured investments in
energy infrastructure in developing countries have
the potential to bring about massive reductions in
CO2 emissions (Figure 2). Such investment deals
show promise not only because they represent viable
means of carbon mitigation; we argue that, in help-
ing these countries achieve their energy and devel-
opment goals, these deals represent the only feasible
way of engaging reluctant countries in emissions
reductions.

Successful implementation of these energy infrastructure
investments requires attention to three general areas. Firstly,
targeted developing countries need flexible, but credible policy,
that can adapt to these energy infrastructure changes. Second,
the right actors, including private entities adept at managing
technical and political risk, need to be involved in these infra-
structure deals. 

Lastly, contextual changes in areas such as price formation
and security concerns may be needed to accommodate newly
established energy markets. Our institution, The Program on
Energy and Sustainable Development, focuses on these issues
in our other work and plans to examine them in the context of
these deals.

The purpose of the analyses here is simply to provide a
rough estimate of the magnitude of these deals’ potential CO2
savings. Our models’ implications underscore the need for fur-
ther and more sophisticated analysis.

Table 2: India Nuclear Deal Load Factor and Carbon Intensity Assumptions

*CCGT: Combined Cycle Gas Turbines

*

Table 3: Emissions Reductions Implications of India Nuclear Deal

Figure 2: Carbon Implications for Indian Nuclear Deal

Appendix
Figure 1: Global CO2 Emissions by Region (2002 and 2020)

Appendix
Figure 2: CO2 Savings in Perspective
* Represents an average of the emissions reduction from displacing
coal and gas.
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Companies today – particularly
those in critical infrastructure industries
such as electrical power, telecommunica-
tions, water, transportation, and oil and
gas – face a daunting and challenging
environment. On the one hand there is a
real threat of cyber terror-
ism, hacking, as well as both
unintentional and malicious
security breaches, and man-
agement must act to protect
mission-critical assets, cus-
tomers and employees.

On the other hand, pres-
sure to improve financial
performance is driving com-
panies to improve efficien-
cies through tighter integra-
tion of operations, both
within the facility and with
supply chain partners.

How do companies deal
with these two seemingly
conflicting needs? Is it pos-
sible to go back to the good old days
when automation systems were isolated
from the rest of the world to protect them
from cyber threats that way?

Not according to Bill Moore, Vice
President of ARC Manufacturing
Advisory Services, who wrote in a recent
ARC Insight, “If we are to collaborate in
manufacturing and wring out inefficien-
cies in our Supply Chain, we need to
have our manufacturing operations con-
nected to the outside world. Our commu-
nications and connections need to utilize
standard protocols to facilitate the trans-
fer of information between trading part-
ners.”

If isolation isn’t practical in today’s
world, how do companies protect their
manufacturing and infrastructure assets
while improving efficiencies?

The first step is to understand a facil-
ity’s vulnerability. For example, a major
industrial company learned there were
over 500 entry points to the corporate
LAN and that two thirds of their process
control networks were thereby connected
to the outside world. As sobering as this
is, cyber intruders may not even be the
greatest threat. Malicious insiders armed

with specialized knowledge and privi-
leged access are capable of doing great
harm.

Faced with both external and inter-
nal threats, what steps are necessary to
protect critical industrial control systems

and still allow them to serve real-time
information to knowledge workers?

The risks of making the wrong deci-
sion are enormous. Consider the ramifi-
cations of two trains heading toward each
other on the same track due to software
hacked by a disgruntled employee. Or,
the cost of a chemical plant spilling haz-
ardous material because a worm disables
part of a control system. Or, the result of
a widespread power outage due to a coor-
dinated cyber attack on multiple power
plants.

PROTECTING NETWORKS
Industrial networks utilize the same

computers and communication technolo-
gies as the corporate network but also
have unique equipment and operating
constraints. It will take a marriage of
control system expertise and cyber secu-
rity knowledge to properly secure these
systems. IT managers who are responsi-
ble for cyber security need to consult
with their colleagues responsible for the
control systems and find vendors that
understand both domains.

Federal and state government agen-
cies recommend the following best prac-

tices for cyber security within critical
industrial infrastructure companies:

MONITOR – An initial, comprehen-
sive vulnerability assessment followed
by continuous, automated monitoring.

DETECT – Recognition of unusual
operational patterns indicating possible
attack.

NOTIFY – Real-time notification
and alert of appropriate personnel.

PROTECT – Effective neutralization
and quarantine of cyber attackers.

RECOVER – Safe, timely opera-
tional recovery from successful cyber
attacks.

Based on these five best practices,
senior IT and management executives
should consider the following blueprint
to providing optimal security solutions:

1. Beef up the defenses of existing
systems by conducting a vulnerability
assessment, adding intrusion detection
and real-time security event monitoring
software.

2. Install a gatekeeper or guard that
isolates the control network while sup-
porting secure transfer of real-time infor-
mation to corporate users and systems.
To be an effective gateway, such systems
must themselves be highly resistant to
internal and external threats.

3. Deploy critical systems like
SCADA or DCS control systems on
operating systems that are specifically
designed to provide a high degree of pro-
tection and integrity.

Steps one and two can be applied to
existing industrial networks to strengthen
their defenses, while the third step is
most appropriate for new systems or a
major upgrade. To avoid introducing new
vulnerabilities, all three approaches
should be based on a platform that is,
itself, extremely secure. To achieve this
high level of security, it’s necessary to
look at the capabilities of the computer
operating system.

SECURITY STARTS WITH THE
OPERATING SYSTEM

The vulnerabilities of systems cur-

SECURING CRITICAL INDUSTRIAL NETWORKS

Figure 1: Industrial networks security event monitoring
system.

UTILITY INFRASTRUCTURE

By Ron Derynck, Director of Product Strategies, Verano

Continued on Page 32
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rently deployed are well known. Trojan horses, viruses, worms,
and other forms of attack are documented daily by the press.
Most security efforts go into plugging these holes as they are
discovered and erecting barriers around systems to shield them
from attacks.

Barriers such as firewalls are, and will continue to be,
important elements of a cyber defense plan. However, it’s nec-
essary to realize that unless a firewall is configured to block all
incoming and outgoing traffic, it does not provide protection
against data driven attacks such as a virus or trojan. And a fire-
wall does not protect a network from an internal attack.

Indeed, the last line of defense is the security provided by
the operating systems on which applications run. Most operat-
ing systems in use today, whether UNIX or Windows, base
security on the concept of discretionary access control (DAC)
and provide only two categories of user:

– An administrator who has full access to all system
resources and

– Ordinary users who have full access to the applications
and files they need for their jobs.

DAC, as the name implies, does not enforce a system wide
security policy and all protective measures are under the con-
trol of individual users. Any program run by a user inherits all
the permissions of that user and is free to modify any file that
the user has access to. That’s why a virus that infects an email
program spreads so easily.

One can think of DAC as similar to a physical security sys-
tem where there is only a lock on the front door of the building.
If a person forgets to lock the door, or a thief, by trickery or
force, gets past the front door, he has complete access to all the
rooms and equipment in the building. No one would protect an
important facility with such a simple physical security scheme.
Instead, each room and critical piece of equipment would have
its own lock and authorized personnel would be issued securi-
ty cards granting them access to only certain rooms and equip-
ment based on the nature of their jobs. With this scheme, whole
sections of the building are off limits to individuals with low
security clearance.

Is there a computer equivalent to the more thorough phys-
ical security schemes? Yes, highly secure computer systems are
based on the concept of mandatory access control (MAC).
Although the concept has been around since the 1980s, practi-
cal systems running on readily available hardware have only
recently become available.

MAC provides the means for a central administrator to
apply system-wide access policies which are enforced by the
operating system. It provides individual security domains that
are isolated from each other unless explicit access privileges
are specified. It provides fine grained access control to pro-
grams, system resources and files. MAC supports a wide vari-
ety of categories of users and confines the damage that flawed
or malicious software can cause to an individual domain.

DAC systems start with the premise that all system
resources are accessible and security is added by restricting
access to some components, MAC starts with the premise that
no resources are accessible and all operations have to be explic-
itly enabled. With this difference in security philosophy,
mandatory access controls represent the best available mecha-
nism to protect critical systems from both internal and external

Electricity Today
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cyber threats.
But if most operating systems are

based on DAC concepts, how does IT
management deploy high security sys-
tems with mandatory access control?

LINUX AND SELINUX
Linux is a relatively new operating

system that is gaining rapid acceptance in
the IT community. Linux inherits many
of its concepts, including security and
access control, from its UNIX predeces-
sors that have a long history in mission
critical applications. Linux runs on com-
modity PC class hardware, yet delivers
the robustness and reliability needed for
the most demanding applications.

Linux is inherently less vulnerable
to the viruses and other malicious code
that can attack our home PCs. The basic
structure of the operating system makes
it more difficult to insert and run such
code while the permission system mini-
mizes potential damage. Disabling
unnecessary services, to avoid their vul-
nerabilities, is also easy to accomplish in
Linux.

Additional security software to pro-
tect password files, create Virtual Private
Networks and embed a software firewall
– protecting the machine from Denial of
Service (DOS) attacks – are readily avail-
able for most Linux distributions.

Like their commercial brethren,
standard Linux distributions utilize dis-
cretionary access con-
trol techniques.
However, the U.S.
National Security
Administration (NSA)
has enhanced Linux to
create one of the most
advanced security sys-
tems available today.
Security Enhanced
Linux or SELinux is
designed to meet the
NSA’s stringent needs
for a secure operating
system and is available
as a module for the
Redhat 7.3 Linux dis-
tribution.

SELinux is the
only operating system
that can provide a high
degree of internal pro-
tection and isolation
for critical applica-
tions. Verano is adapt-
ing this technology as
the basis for its

Industrial Defender product family
because of its inherent ability to protect
applications and information at the oper-
ating system level – the last line of
defense.

REAL-TIME MONITORING
The process and utilities industries

routinely use real-time computer systems
to monitor the health and safety of their
operations. But the health and security of
these computer networks remains invisi-
ble. What if we could watch for or moni-
tor security incidents in the same way as
a SCADA system monitors flow rates
and alerts an operator to a dangerous
condition?

Security event monitoring systems
(see Figure 1) are being developed for
this purpose. They consist of security
agents that are installed on existing com-
puters to report on machine health,
changes in security log files and applica-
tion status. This information is sent to a
security console where it is stored in a
real-time database. From there, alarm
limits can be set, alerts generated, inci-
dent reports created and trends displayed.
The security console also runs network
intrusion detection software and has the
ability to monitor network equipment
such as switches, routers and firewalls
via the Simple Network Management
Protocol (SNMP).

There is an old truism that a person

can’t control what isn’t measured and
this applies to security as well. Security
event management systems give organi-
zations a better view of their vulnerabili-
ty by aggregating information generated
by firewalls, intrusion detection systems,
switches and other network devices. In
the industrial environment, information
from plant computers and application
programs needs to be added to the mix to
ensure the availability and security of
these critical systems.

Without security event monitoring,
companies are flying blind and have no
idea what their vulnerabilities are or even
if they are under attack – until it’s too
late. In particular, industrial networks can
benefit from this approach because some
IT practices such as password lockout,
frequent patch updates and periodic virus
scanning don’t translate well to the plant
environment since they compromise the
safety and integrity of the operation.

Installing a security event monitor-
ing system at key facilities provides
many benefits including:

1. A central view of industrial net-
work equipment, applications and com-
puters providing an overview of the cur-
rent security status.

2. Key information to reduce or mit-
igate future security risks.

3. Satisfying emerging government,
insurance and industry requirements con-
cerning cyber security.
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For more than a century, the electric power industry has
supplied the United States with abundant and reliable electrici-
ty. The industry that brought “smokeless light” to American
cities in the late 1800s now supplies the power for more than
176 million personal computers and a national network of 208
million cellular phones, contributing to both industrial produc-
tivity and consumer comforts that enhance our standard of liv-
ing.

The power industry now faces an unprecedented challenge.
At a time of record high fuel prices, historic environmental
challenges, and industry structural change, the nation’s demand
for reliable electric power continues to grow. While much of the
nation’s power infrastructure is aging, the industry must keep
up with the need for more capacity, increased reliability and
power quality, and lower environmental impacts. Thus, the
industry must invest in a new generation of power plants, envi-
ronmental controls, transmission lines, and distribution system
expansions and upgrades.

While these new investments will maintain reliability,
diversify our fuel mix, and increase environmental perfor-
mance, they come with added costs. Electricity price increases
are occurring across the United States, among all types of elec-
tricity providers, to one degree or another. The extent to which
increasing utility costs are recovered in rates will determine the
financial condition of the industry and affect its ability to make
future generation, transmission, distribution, and environmental
investments in a timely manner.

With appropriate rate treatment, the industry will continue
to provide reliable services at reasonable costs.

Conversely, if segments of the industry become unable to
finance new investments in a timely or cost-effective manner,
the ultimate costs will be borne by the local economies and con-
sumers served by these utilities, as well as by utility sharehold-
ers. Failure to receive adequate rate treatment could impact the
quality of service, impair the ability of the utility industry to
meet growing demands for clean, reliable power, and under-
mine the financial health of the utility industry.

Overview of Findings
FUEL AND PURCHASED POWER COST INCREASES HAVE

BEEN ENORMOUS AND ARE THE LARGEST CAUSE OF RECENT
ELECTRIC COST INCREASES

On an industry-wide basis, our analysis finds that fuel and
purchased power costs account for roughly 95 percent of the
cost increases experienced by utilities in the last five years. The
increases in the cost of these fuels have been unprecedented by
historical standards, affecting every major electric industry fuel
source:

- Natural gas, which accounts for nearly 20 percent of all
generation, experienced a more than 100-percent increase in
spot prices between 2003 and 2005 and a more than 300-per-

cent increase since 1999. Real natural gas prices are now at
their highest level in modern history. High and volatile gas
prices have a particularly strong impact on electricity prices
because gas-fired generators set the prices for a large percent-
age of the time in many short-term or spot power markets
around the country.

- Oil, which is still a significant utility fuel in several parts
of the country, is now at record price levels.

The prices of oil-based fuels delivered to electric genera-
tors rose about 50 percent between 2003 and 2005, and are now
at the highest nominal levels ever recorded. Increased oil prices
also have a significant impact on other fuel costs; for example,
they drive up the costs of mining and shipping coal.

- Coal, which accounts for half of all power produced in
the United States today, has risen 20 percent in delivered price
in the last two years alone. In some areas, the increase has been
much higher. For example, spot coal prices from the Powder
River Basin have increased about 100 percent since 2003.

- The price of uranium, the primary component of nuclear
fuel, which represents 19 percent of all generation, also has
increased by about 40 percent since 2001.

These fuel price increases, in turn, have impacted the cost
of power purchased by many utilities. The price of purchased
spot power has increased between 200 and 300 percent in many
power markets across the United States. Finally, the industry is
using increasing amounts of renewable and distributed genera-
tion resources, which have valuable attributes but generally cost
more than conventional energy sources.

ADDITIONAL GENERATING PLANTS WILL BE NEEDED TO
MEET DEMAND

The Energy Information Administration (EIA) and the
North American Electric Reliability Council (NERC) both pro-
ject that more than 50,000 megawatts (MW) of new power
plants will be needed to meet demand growth through the year
2014. There are several aspects of the next wave of generation
investments worthy of note:

- Prompted by recent natural gas prices and prospects for
continued demand growth, new baseload coal plants are being
proposed and/or built for the first time in more than a decade.
More than a quarter-century after the last nuclear plant was
ordered, new nuclear plants are under active consideration.

The Energy Policy Act of 2005 (EPAct 2005), in conjunc-
tion with other federal programs, will help reduce the costs and
risks of building these generating additions, which are larger,
are more capital-intensive, and have a longer lead time than the
natural gas-fired units the industry built over the past decade.

- New generation investment varies substantially by region
and by each utility’s present fuel mix. Some areas of the coun-
try remain chronically short on power and will need a variety of
new resources to meet demand. Other regions are now strongly

UTILITY MANAGEMENT

WHY ARE ELECTRICITY PRICES INCREASING?
By Gregory Basheda, Marc W. Chupka, Peter Fox-Penner, Johannes P. Pfeifenberger and Adam
Schumacher of the Brattle Group
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reliant on gas-fired generation, and may
add coal-fired capacity to diversify the
fuel mix and reduce the total cost of elec-
tricity. Finally, nearly half of the states
now require utilities to build or purchase
energy from renewable electric genera-
tors, which will help diversify their fuel
mix but add to overall costs.

- Uncertainties over future fuel
prices, climate change policies, techno-
logical progress in all the major power
technologies, and the impact of higher
prices on power demand create substan-
tial risks enveloping new generation
investments. These risks add to the cost
of financing these investments.

- The need for additional generation
and transmission capacity will be miti-
gated by demand and energy reductions
achieved through the price elasticity
impact of rising prices and through a
variety of conservation, energy efficien-
cy, and demand-response programs.
However, there still will be a need in the
future for utilities to make major invest-
ments in generation and transmission
capacity.

INCREASED TRANSMISSION
INVESTMENTS ARE NECESSARY

After a long period of decline, trans-
mission investment began a significant
upward trend in the year 2000, totaling
nearly $18 billion in the period 1999 to
2003. A recent Edison Electric Institute
(EEI) survey shows that its members
have spent and plan to spend nearly $29
billion on transmission over the period
2004 to 2008, a 60-percent increase over
the previous five years. NERC projects
that almost 12,500 miles of new trans-
mission will be added by 2014, an
increase of 5.9 percent of total U.S. cir-
cuit miles of high-voltage (230 kilovolts
[kV] and above) transmission lines.

- These increased investments are
prompted in part by the larger scale of the
next wave of baseload generation addi-
tions and the fact that these additions are
occurring farther from load centers. This
is creating transmission projects that are
larger and more costly than the average
project over the past 20 years.

- New government policies and
industry structures also will contribute to
greater transmission investment. EPAct
2005 creates new incentives and siting
processes that facilitate and promote
transmission investment. In many parts
of the country, transmission planning has
been formally regionalized, and power
markets create greater price transparency

that highlights the value of transmission
expansion in some instances.

SALES GROWTH, THE DEMAND FOR
HIGHER QUALITY POWER, AND STORM

RECOVERY COSTS ARE DRIVING
DISTRIBUTION INVESTMENT

Industry spending on the distribution
systems that deliver power to each cus-
tomer has followed a generally steady
upward trend for the past 20 years.
Between 2000 and 2004, distribution
investment increased from about $10.5
billion to $12.5 billion, a 19-percent
increase.

- Many of these investments are in
new technologies that increase the quali-
ty of delivered power to ubiquitous digi-

tal circuits. Other investments are being
made to make the distribution system
more automated, information-rich, and
responsive to outages and customer
needs. 

For example, some automated distri-
bution systems provide customers with
the ability to monitor and control their
energy usage on specific processes and
appliances, depending on real-time
prices and other factors.

- Additional large distribution sys-
tem expenditures have been necessitated
by widespread hurricane and storm dam-
age experienced in the southeastern
United States during 2004 and 2005,
which impacted energy and materials
costs across the nation.

Figure 1-1
U.S. Electricity Prices by Class of Customer (Real 2005 Dollars)

Figure 1-2
Comparison of Electricity and Other Consumer Price Trends (1970 to 2005)
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ENVIRONMENTAL INVESTMENTS
ADD SIGNIFICANT COSTS

New environmental requirements,
including recently finalized federal rules
and state-level requirements that often
are more stringent and less flexible, are
prompting substantial environmental
investments. These investments include
more than $43 billion in planned capital
costs for emissions reduction technolo-
gies from 2005 to 2018, primarily retrofit
equipment to further control air emis-
sions from existing coal-fired power
plants. These investments, while large,
could be dwarfed by the costs of comply-
ing with potential mandatory carbon
dioxide (CO2) emission reductions, as
such policies have recently been pro-
posed and considered in Congress.

THE UTILITY INDUSTRY’S OVERALL
FINANCIAL CONDITION IS SOUND,

THOUGH NOT AS SECURE AS IT HAD
BEEN BEFORE PRIOR PERIODS OF

CAPITAL INVESTMENT
With reasonable cost recovery, the

industry as a whole should have the abil-
ity to make the necessary, cost-effective
investments. However, the industry has
proportionately less “headroom” to make
investments without rate relief, and cer-
tain portions of the industry are already
below investment grade and therefore
cannot weather greater financial impair-
ment.

- The fraction of utilities rated BBB+
or above by Standard and Poor’s, which
was 75 percent prior to the 1990s, is now
only about 40 percent. As of 2005, near-
ly 20 percent of all utilities were below
investment grade. The credit ratings of
independent power producers are signifi-
cantly worse.

- Between 1999 and 2005, interest
rates, allowed utility returns on equity
(ROEs), and earned ROEs all trended
downward at similar rates that enabled
earned ROEs to remain reasonably close
to allowed ROEs. However, the future
prospects for earnings, absent adequate
rate increases, are worse. Costs are rising
much faster than revenues, and interest
rates are no longer on a downward trend.

- The reduced financial stability of
the industry is reflected in the “beta” of
utility stocks — a measure of the propor-
tionate riskiness of these stocks com-
pared to the overall market. Value Line’s
estimate of the average industry beta has
increased from 0.67 in 1995 to 0.87 in
2005, an increase of nearly 30 percent in
a decade.

- The operating cash flows of utili-
ties in 2005 were insufficient to cover
their capital expenditures and higher
operating costs. Utility cash flows were
about $10 billion less than the sum of
operating and capital costs in 2005, and
this gap could widen significantly during
the next several years as regulated utili-
ties undertake expenditures for infra-
structure development and environmental
improvements.

The overall picture emerging from
these conclusions is that the electric
power industry faces a situation in which
significant investments are needed, and
rate increases will be necessary to
finance them. These investments will
diversify supply away from natural gas,
reduce future fuel costs, provide greater
reliability and power quality, and lessen
environmental impacts. Without these
investments, one or more of these invest-
ment objectives will be impaired.

ELECTRICITY REMAINS AN
EXCELLENT VALUE

Even with price increases, electric
power continues to grow in value to
American consumers and the American
economy. Since 1940, the percentage of
U.S. energy consumed in electric form
has quadrupled.

Electricity demand growth tracks
Gross Domestic Product (GDP) growth
much more closely than any other source
of energy, highlighting its role as a key
driver of economic growth and produc-
tivity.

As electricity use has grown in eco-
nomic value, its inflation-adjusted cost
has been declining. From 1985 to 2000,
average electricity prices rose 1.1 percent

per year, less than half the average infla-
tion rate of 2.4 percent. Figure 1-1 shows
real electricity prices (in year 2005 dol-
lars) by customer class over the period
1960 through 2005. After peaking in the
early 1980s, average real prices had fall-
en by about 25 percent by 2005. And,
compared with prices of other consumer
goods and services, electricity prices
have risen more slowly. This is shown in
Figure 1-2, which uses 1970 as a base
year for price indices for electricity,
gasoline, natural gas, and medical care.
Finally, despite increased household
electricity consumption, electricity bills
have become a smaller fraction of house-
hold budgets. American homes use 21
percent more electricity today than they
did in 1978. Yet even with 21 percent
greater use, the portion of our household
budget that we devote to our power bill
has declined, from 3.7 percent to 3.0 per-
cent over the same period.

DISTRIBUTION INVESTMENT
Trends in Distribution System
Investment

The transmission system delivers
power from generators to local distribu-
tion systems which, in turn, deliver
power to residential, commercial, and
industrial customers. Specifically, the
transmission system feeds substation
transformers that reduce voltage and
spread the power from each transmission
line to many successively smaller distrib-
ution lines. The distribution system usu-
ally is considered to begin where voltage
is reduced to 37 kV, but the important
distinction is that distribution involves
delivering the power to retail customers,
while transmission involves moving bulk

Figure 6-1
Construction Expenditures for Distribution By Investor-Owned Electric Utilities
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power to distribution systems. The distri-
bution system also includes metering,
billing, and other related infrastructure
and software associated with retail sales
and customer care functions.

Continual investment in distribution
facilities is needed, first and foremost, to
keep pace with growth in customer
demand. Figure 6-1 shows the pattern of
investment in distribution assets over the
last 30 years. In real terms, investment
began to increase in the mid-1990s, pre-
ceding the corresponding boom in gener-
ation. This steady climb in investment in
distribution assets shows no sign of
diminishing. The need to replace an
aging infrastructure, coupled with
increased population growth and demand
for power quality and customer service,
is continuing to motivate utilities to
improve their ultimate delivery system to
consumers.

Continued load growth will require
continued expansion in distribution sys-
tem capacity. If recent investment trends
persist, distribution investment will aver-
age $14 billion per year over the next 10

years. This is almost triple the projected
amount of annual investment in new
transmission capacity and is likely to
exceed capital spending on generation
capacity over the next decade as well.
This level of distribution investment
would lead to a cumulative 3.5-percent
increase in retail rates over the next 10
years.

Other factors apart from load
growth, such as aesthetics, storm dam-
age, and local land use, will spur spend-
ing on distribution infrastructure. In
some cases, utilities are being directed to
place new and/or existing distribution
lines underground, particularly in urban
areas. Placing existing power lines under-
ground is expensive, costing approxi-
mately $1 million per mile — a five- to
ten-fold increase over the cost of a new
overhead power line. Moreover, at a cost
of $1 million per mile, a new under-
ground system would require an invest-
ment of more than 10 times what the typ-
ical U.S. IOU currently has invested in
distribution plants and would compel the
utility to increase its rates.

Need to Modernize Distribution
Systems

Distribution investment also will be
needed to meet the greater demand for
increased reliability. The impact of power
disturbances on customers has grown
steadily over time due to the increased
use of digital technology. The current
U.S. electricity infrastructure was
designed to serve analog, or continuously
varying, electric loads, and does not con-
sistently provide the level of digital-qual-
ity power required by the nation’s digital
manufacturing assembly lines, informa-
tion systems and, increasingly, home
appliances.

Digital devices are highly sensitive
to even the slightest interruption of
power; an outage of less than a fraction
of a single cycle can disrupt their perfor-
mance. They also are quite sensitive to
variations in power quality. Digital quali-
ty power has the same overall voltage as
today’s power and is indistinguishable
from analog appliances, but has reduced
levels of signal variations that adversely
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affect digital circuits. An enhanced
power system capable of delivering this
higher quality power will stimulate faster
and more widespread use of productivi-
ty-enhancing digital technology.

It is not an exaggeration to say that
we are experiencing a “digitalization of
society” — today, there are more than 12
billion microprocessors in the United
States alone. For every microprocessor
inside a computer, 30 operate in stand-
alone applications. Digital-quality power
now represents about 10 percent of total
electric load in the United States. EPRI
projects that digital-quality power load
will reach 30 percent in 2020 under busi-
ness-as-usual conditions.

Consistent with this trend, a recent
study commissioned by DOE found that
residential energy use on information
technology (IT) applications increased
substantially in the last few years, reflect-
ing the dramatic increase in the use of
personal computers and related devices.
The study estimated that home IT equip-
ment consumed about 42 terawatt hours
(TWh) of electricity in 2005, compared
to 16.5 TWh in 2001. That is, residential
IT equipment accounted for about three
percent of residential electricity con-
sumption and one percent of U.S. elec-
tricity consumption in 2005. The study
projects that, by 2010, residential IT
energy consumption could rise to 101
TWh, under a scenario which assumes
widespread high-bandwidth connectivity
that enables effective exchange of large
quantities of data and programs run on
desktop computers.

Three new technologies already
under development will enable utilities to
provide digital-quality power and other
enhanced distribution value. One is dis-
tribution automation. Distribution
automation uses advanced sensors and
control software to improve power sup-
pliers’ ability to detect and correct distur-
bances more quickly, thus reducing cus-
tomer outages and power quality prob-
lems. These capabilities lead to rapid dis-
turbance isolation and restoration capa-
bilities.

The second technology development
path is custom power, a family of power
electronic controllers designed for ser-
vice on distribution systems. These
devices and systems can provide real-
time network control, protect sensitive
customer equipment from network dis-
turbances, and protect distribution feed-
ers from power disturbances arising on
the customer’s premises. Custom power

systems improve power quality for cus-
tomers with special needs — for exam-
ple, an industrial park with high technol-
ogy companies.

The third path is the development of
generation and storage technologies for
distributed applications. These devices
will move the power supply closer to the
point of use, enabling improved power
quality and reliability, and providing the
flexibility to meet a wide variety of cus-
tomer and distribution system needs.

This path is one of the main drivers
of distributed generation.

Distribution systems will need to be
updated to seamlessly integrate an array
of locally installed, distributed power
generation (such as fuel cells and renew-
ables) as power system assets. In some
cases, utilities will make the investments
in these new technologies through their
own programs or subsidiaries; in others,
customers will invest in these technolo-
gies on their own.

Today’s distribution system architec-
ture and mechanical control limitations

greatly limit the potential functionality
provided by distributed generation. In
addition to improved hardware,
improved tools will be needed for under-
standing and managing the interactions
of distributed resources with existing dis-
tribution systems, as well as developing
control systems for large grids with a
mixture of distributed and central gener-
ation. As an example, to provide peaking
power and premium power support for a
distribution system, distributed resources
must be dispatchable. This will require
adding a variety of remote monitoring,
communications, and control functions
to the system as a whole. Moreover, dis-
tribution systems with mixed distributed
and central assets are likely to require
dedicated volt-ampere reactive (VAR)
generation for system support and stabil-

ity. In general, distributed resources will
not produce VARs in the quantity or loca-
tion needed for grid stability. Distribution
system operators will need the capability
to produce VARs to balance the system,
either through the “must-run” generators
of today or the “silicon VARs” of tomor-
row.

The latter can be produced by the
emerging family of High Power
Electronic Controllers, which will use
power control devices to inject VARs into
the system to stabilize voltage.

Investments in Metering
Most electricity customers are

served by conventional meters, which
record cumulative energy usage and are
usually read once each month by a utility
employee. Replacement of today’s elec-
tro-mechanical meters with advanced
“smart” meters will enhance customer
service and customer options. Advanced,
interval meters measure power use on a
time-differentiated basis and report via
phone, Internet, or wireless. These
meters can track usage by the time of
day, turn service on or off, diagnose
problems, and react to price signals.

Digital power meters provide the
ability to remotely monitor power usage
and (increasingly) the ability to perform
other functions such as monitoring power
quality, voltage, theft detection, remote
connect/disconnect, prepaid electricity
purchases, and more. By collecting ener-
gy data on a real-time basis, they will
enable power companies to better under-
stand consumption patterns and to work
with customers to cut energy usage.

As a result of this new technology,
the meter will be transformed into a con-
sumer gateway that allows price signals,
decisions, communications, and network
intelligence to flow back and forth
through the two-way energy/information
portal. This linchpin technology will help
to create a more vibrant retail power mar-
ketplace, with consumers responding to
price signals and a variety of product
options and choices not previously avail-
able. The ultimate capabilities of an ener-
gy/information portal, in conjunction
with an automated distribution system,
include: (1) advanced pricing and billing
processes that would support real-time
pricing; (2) consumer services, such as
billing inquiries, service calls, outage and
emergency services, power quality, and
diagnostics; (3) information for develop-

Continued on Page 40

Today’s distribution
system architecture
and mechanical con-
trol limitations greatly
limit the potential
functionality provided
by distributed genera-
tion.

ET April  4/25/07  3:59 PM  Page 38



ET April  4/25/07  3:59 PM  Page 39



ing improved building and appliance
standards; (4) consumer load manage-
ment through sophisticated on-site ener-
gy management systems; (5) load fore-
casting; (6) long-term planning; and (7)
green power marketing and sales.

Installing new meters will be an
expensive undertaking, however. Some
experts estimate that about 10 million of
the 130 million residential meters
installed throughout the United States are
equipped with advanced technologies.
Advanced meters cost approximately
$100 to $150 per meter, so purchasing
such meters for 120 million residential
customers would be an investment of
approximately $12 billion to $18 billion.

Minimizing Outage Costs
Power outages are very costly to

retail customers and will become increas-
ingly so in the future as more and more
applications require digital quality
power. Even today, the nation’s industri-
al sector has become quite dependent on

high-technology processes. Air condi-
tioning and other building climate con-
trol systems have become more ubiqui-
tous in the commercial sector, and the
penetration of computers and other elec-
tronics has increased throughout the
economy. 

The value of electricity, or the cost
of blackouts and other service interrup-
tions, correspondingly has increased.

Various approaches have been used
to determine the value of reliability to
customers. One method of doing so is to
assume that the value of having electrici-
ty is equal to the magnitude of the cost of
not having it — i.e., the costs that a busi-
ness incurs, in terms of lost sales, rev-
enues, spoiled output, opportunity costs,
etc. — as a result of a power outage. A
recent report prepared by ICF Consulting
estimated the value of reliability by com-
puting costs of outages and other short-
term reliability events. At an aggregate
level, the study finds that the annual his-
torical value of outages and other relia-
bility costs exceeds $20 billion per year
and is much higher in recent years.
Moreover, this estimate excludes the
costs associated with the August 2003

blackout that affected much of the north-
eastern United States. This estimate also
does not include the costs of very short-
term reliability events, such as voltage
fluctuations, as ICF found little empirical
data on this topic.

However, the ICF study noted that
some researchers found that momentary
interruptions usually have a higher per
event cost than sustained outages. 

Hence, adding the costs associated
with momentary outages would signifi-
cantly increase the $20+ billion estimat-
ed annual costs associated with sustained
outages.

Indeed, one study estimated that
approximately $52 billion per year is
spent on momentary interruptions.

Beyond reporting aggregate num-
bers, the ICF study also compared the
value of electricity for residential, com-
mercial, and industrial customers to their
actual prices paid. Previous studies esti-
mated that the value of electric service is
approximately 100 times the price paid.
The ICF report confirms this aggregate
number, but also sheds light on which
sectors are more impacted in dollar terms
by outages. 

Electricity Today40
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The state of Texas is
rapidly growing, with
the state’s population
growing at a rate of
1.8% per year and the
economy expanding at
an annual rate of 3.8%
from 2000 to 2006. It is
projected that popula-
tion growth will contin-
ue at a rate of 1.7% per
year through 2023 (the
horizon for this study),
with the state’s economy
projected to grow at
3.2% per year.

The most pressing
short-term policy con-
cern in Texas is the rapid
growth in peak demand.
The Electric Reliability
Council of Texas
(ERCOT) reports that
peak demand on the
ERCOT system
increased by about 2.5%
per year between 1990
and 2006. The current
forecast is for peak
demand to increase by
2.3% annually from
2007 through 2012.
ERCOT has raised the
prospect that the state
might be without suffi-
cient generation capaci-
ty to meet peak demands
as soon as 2009, creating
images of a power crisis
similar to that experi-
enced in 2000 and 2001
in California.

The state’s rapidly growing peak
electric demand and electricity consump-

tion have led ERCOT and utilities to sug-
gest that Texas should take actions to
change the mix of electric generating

resources and lean
heavily on building new
coal-fired power plants.
We suggest that
demand-side and
renewable resources,
beyond conventional
supply resources,
should be considered as
the state develops its
near- and long-term
energy plans. This
report characterizes the
potential for these key
“alternative” resources
and recommends poli-
cies to bring them on-
line at the needed rate.

ENERGY EFFICIENCY,
DEMAND RESPONSE,

AND ONSITE
RENEWABLE
RESOURCES

Texas has already
taken progressive steps
in the area of clean
energy through its
renewable energy port-
folio (RPS) and its ener-
gy efficiency improve-
ment programs (EEIP),
which direct transmis-
sion and distribution
utilities to serve 10% of
load growth through
energy efficiency. The
utilities have easily met
the efficiency target,
and Texas already gets
more than 4% of its

electricity from wind, so the state is on
track to exceed the levels in the RPS.
However, there is much more that can be

DEMAND RESPONSE

EXAMINING DEMAND RESPONSE,
RENEWABLE ENERGY AND EFFICIENCIES TO

MEET GROWING ELECTRICITY NEEDS
By R. Neal Elliott, Maggie Eldridge, Anna M. Shipley, John “Skip” Laitner, and Steven Nadel,
American Council for an Energy-Efficient Economy; Alison Silverstein, Independent consultant; Bruce
Hedman, Energy and Environmental Analysis, Inc.; Mike Sloan, Virtus Energy Research Associates, Inc.

Figure ES-1. Fraction of Summer Peak Demand that Can Be Met with
Demand Response, Efficiency, and Renewable Resources

Figure ES-2. Share of Future Electricity Consumption that Can Be Met with
Efficiency and Renewables Resources
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achieved from energy efficiency and
renewable energy resources. In particu-
lar, the level of savings that utilities can
achieve through the EEIP can be greatly
and cost-effectively increased. In addi-
tion, the EEIP does not apply to coopera-
tive and municipal utilities in the state.
While some of these utilities are already
active in this area, all should contribute to
meeting the state’s needs. In addition to
the EEIP, there are several other policies
that could provide more energy efficien-
cy resources.

The potential for onsite renewable
energy generation (including solar photo-
voltaic generation systems) is very large
in Texas. This report estimates the size of
the energy efficiency and onsite renew-
able energy resources in Texas, and sug-
gests a suite of policy options that the
state can consider to realize their achiev-
able potential.

In addition, a significant opportunity
also exists to expand the state’s “demand
response” resources to reduce system
peaks, as has been recommended by
ERCOT. If initiated soon and pursued
aggressively, the combined deployment
of demand response and the other clean
energy resources described above can
address the state’s reserve margin con-
cerns while ensuring that the state has
adequate, affordable electricity to sustain
its economic growth. This report
explores the opportunities in Texas for
additional energy efficiency, demand
response, and onsite renewable energy,
and outlines the policies and programs
necessary to harness these resources to
meet the state’s future energy needs.

Texas is growing: population grew at
1.8% per year and the economy expand-
ed 3.8% annually from 2000 to 2006.
This growth has been accompanied by
rising electricity demand of over 2% per
year. Population is expected to grow at a
rate of 1.7% per year through 2023 (the
horizon for this study), with the state’s
economy projected to grow at 3.2% per
year (Economy.com 2007). This rapid
growth has resulted in rapid increases in
the state’s electricity demands.

The key question is: how fast does
electricity supply need to increase to
serve Texas growth? The Electric
Reliability Council of Texas, which coor-
dinates grid operations for 85% of the
state, projects consumption to grow at an
annual 1.7% rate over the next 15 years.
This report assesses the potential for
Texas to meet its future energy service
needs through energy efficiency, demand

response, and renewable energy.
Texas’s electricity outlook has been

made more uncertain by the announced
agreement by TXU to cancel plans for
construction of eight new coal power
plants, which has led the Wall Street
Journal to suggest that “the plant cancel-
lations, if they happen, could have an
interesting effect. Proposals by other
plant builders, which went dormant after
TXU made its big splash, could be
revived. If more plants aren’t built, an
equally troubling scenario may unfold:
Power prices could spiral out of control
in Texas because there aren’t enough
suppliers to meet the need and the state is
so poorly connected to other states, by
high voltage wires, that there’s no ability
to import power.” (Kingsbury 2007) Our
report suggests that efficiency and con-
servation, demand response, and onsite
renewable energy can meet this growing
need for energy services.

More problematic than the rapid
increase in electricity consumption has
been the even more rapid growth in peak
demand. ERCOT reported that peak
demand on the ERCOT system increased
by about 2.5% per year between 1990
and 2006. The current forecast is for peak
demand to increase by 2.3% annually
from 2007–2012 (ERCOT 2006a). This
level of growth is threatening Texas’s
ability to maintain grid reliability at rea-
sonable costs in the coming years, which
will affect the costs of electricity and the
state’s healthy business and investment
climate. The mid-2006 report from
ERCOT raised the prospect that much of

the state could lack sufficient generation
capacity to meet peak demands as soon
as 2008, creating images of a power cri-
sis similar to that experienced in late
2000 and early 2001 in California
(ERCOT 2006a). In February 2007,
ERCOT suggested that the “reserve mar-
gin” shortfall would not occur until 2009,
as can be seen in Figure 3 (Jones 2007).
Even with this delay, it will be a chal-
lenge for new generation to be construct-
ed in time to meet this forecasted need.
On the other hand, as will be discussed
later in this report, energy efficiency and
demand response can be quickly
deployed, meeting this need in the short
time available.

Many groups have also expressed
concerns about the diversity of fuel mix
in electric power generation (see Figure
4), which is very highly dependent on
natural gas. Within ERCOT, at present
almost 70% of installed generating
capacity is fueled by natural gas; 19% is
coal (some mined in-state and some
imported from the Powder River Basin);
6% is nuclear; and 4% comes from wind,
the state’s fastest-growing generation
source. A third of ERCOT’s current
power plant fleet has been built since
1999, and almost all of that capacity is
natural gas-fired.

The state’s rapidly growing peak
demand and electricity consumption,
coupled with high electric rates, have led
some of the state’s energy planners to
suggest taking actions to change the

Continued on Page 44

Figure 3. Actual and Projected ERCOT Reserve Margins
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resource availability, including more
coal-fired coal plants (ERCOT 2006a;
Jones 2007). We suggest that a broad
range of resources beyond new, conven-
tional fossil-fueled generation needs to
be evaluated as the state decides how to
meet its near and long-term energy
needs. We will seek to characterize the
potential for some of these key “alterna-
tive” resources in this analysis.

Energy efficiency, demand response,
and renewable energy resources repre-
sent the low-cost energy and capacity
resources available to the state. Recent
polling suggests that over 70% of Texans
would be willing to support increased
spending on energy efficiency by the
electric utility industry (WRS 2007).
Almost two-thirds of the respondents
were willing to pay more on their electric
bills today if it avoided high cost elec-
tricity in the future, so a core of public
support for policies such as we propose
in this study clearly exists in Texas.

The DOE defines demand response
as: “changes in elec-
tric usage by end-use
customers from their
normal consumption
patterns in response to
changes in the price of
electricity over time,
or to incentive pay-
ments designed to
induce lower electrici-
ty use at times of high
wholesale market
prices or when system
reliability is jeopar-
dized.” (DOE 2006b).
Demand response
measures include
incentive-based pro-
grams that pay users to
reduce their electricity
consumption in specif-
ic times (such as load
management and
direct control to turn
down customers’ heaters or air condition-
ers in an emergency situation), or pricing
programs such as time-of-use rates, criti-
cal peak pricing, or real time pricing,
where customers are given a price signal
and expected to moderate their electrici-
ty usage in times when prices are high.
Most early demand response programs
were incentive-based and control-orient-
ed, so the utilities could operate and con-

trol the customers’ usage and tell exactly
when and how much load changed; these
are viewed as reliable, predictable pro-
grams that can be trusted as a resource to
meet grid reliability needs.

Over the near term, given Texas’s
tight capacity situation, incentive-based,
emergency-oriented demand response
programs will be most effective at lower-

ing effective peak loads
and moderating supply
scarcity. Over the long
term, however, once
ERCOT’s nodal market is
in full operation and many
ERCOT retail electric con-
sumers have advanced
interval meters, more cus-
tomers should and could
take advantage of time-
varying rates such as criti-
cal peak pricing, and
price-responsive demand
response should have a far
greater impact upon peak
loads and prices than
incentive-based programs. 

Today we have no data
to estimate the possible
impact of time-varying
rates upon electricity con-
sumption, and it will take
years to collect and ana-

lyze such data; therefore, this study esti-
mates only the potential for incentive-
based, emergency-oriented demand
response measures upon ERCOT’s sup-
ply-to-demand balance. By 2023, howev-
er, it is possible that the widespread
availability of time-varying retail electric
rates and complementary communica-
tions and control methods will have per-
manently changed the nature of Texas’s

electricity demand, making today’s fore-
casts for ever-increasing demands obso-
lete.

The ERCOT market began whole-
sale competition in 1995 and retail com-
petition in 2002. Before the start of retail
competition, Texas’s integrated utilities
offered a variety of direct load control
and time of use, curtailable, and inter-
ruptible rates, with almost 3,500 MW of
loads participating (primarily from
Texas’s base of industrial facilities).
However, with the advent of retail com-
petition in ERCOT and the structural
unbundling of the investor-owned utili-
ties, much of this demand response capa-
bility was lost to new market complexi-
ties and higher transactions costs.

There is less demand response avail-
able in ERCOT today, and in more limit-
ed forms than were available before com-
petition. ERCOT has a real-time energy
market (and no capacity market), and
customers with loads at or above 700 kW
have interval data recorders (meters that
record energy use over time).

SUMMARY AND CONCLUSIONS
Energy efficiency, demand response,

and renewable energy resources can meet
the increasing demand for electricity in
Texas over the next 15 years. Efficiency
and renewable energy resources com-
bined with expanded demand response
can avoid the reserve margin crisis that is
forecast for the state, and actually reduce
the overall summer peak demand over
the same period. These goals can be
accomplished at a lower cost than the
construction of new conventional genera-
tion resources, thus enhancing the energy
security and sustaining the economic
growth of the state.

Demand Response
Continued from Page 42

Figure 4. ERCOT Generation and Capacity by Fuel

We suggest nine policies to
build upon the foundation of
energy efficiency and renew-
able energy policies that
Texas has already laid.
These policies are:

1. Expanded Utility-Sector
Energy Efficiency
Improvement Program

2. New State-Level Appliance
and Equipment Standards

3. More Stringent Building
Energy Codes

4. Advanced Energy-Efficient
Building Program

5. Energy-Efficient State and
Municipal Buildings Program

6. Short-Term Public Education
and Rate Incentives

7. Increased Demand
Response Programs

8. CHP Generation Target
9. Onsite Renewable Energy

Incentives
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INFRACAM™
L O W C O S T !

With InfraCAM SD’s Removable Memory Card, You're 
No Longer Tethered to Your Computer!  

Plus, you'll get razor-sharp thermal image quality, 1000 Radiometric JPEG Images with a
Removable SD/Memory Card, an ultra-portable design and exceptional 

ergonomics. Weighs just 1.2 lbs, long 7-hour battery life!

Get More Done With InfraCAM SD!
Call for a Free Demo! 1-800-613-0507 Ext. 25

Why do more people buy 
FLIR infrared cameras than 

all other brands combined?

The only High Definition infrared camera on the market today!  

Superior image quality, spot size resolution, temperature measurement accuracy 
– the new standard for Professional Thermographers! Call 1-800-613-0507 Ext. 24

Training Value Package Available!
Visit: www.highdefinitioninfrared.com

NEW! InfraCAM SD 
Thermal Imager

NEW! 
ThermaCAM® P640 
Infrared Camera

ThermaCAM®
H I G H D E F I N I T I O N

1-800-613-0507
IRCanada@flir.com         www.flir.ca

The Global Leader in Infrared Cameras
Servicing Canada for 46 years 

Ext.. 255 forr InfraCAM SD
Ext.. 244 forr P640 HD

Training Value Package Available!
Visit: www.goinfracam.com

Removable SD/Memory Card

Meet
the

PowerXplorer PX5.
The one solution for power 

quality and demand and energy 
analyzer needs.

The PowerXplorer PX5 is the first handheld power 
monitoring instrument that does it all.  With its unique color
touch screen and automated setups, this 8-channel workhorse

measures at 50/60 and 400 Hertz, AC and DC, captures 
sub-microsecond transients, harmonics and much, much more.

Why carry around 5 or 6 instruments, when the 
PowerXplorer PX5 does it all?

1.800.372.6832 • www.dranetz-bmi.com • sales@dranetz-bmi.com
tel 732.287.3680  •  fax 732.248.1834  •  1000 New Durham Road • Edison, NJ 08818 USA

In Canada contact: On Power Systems Inc. 
Tel:1-800-363-9133 or E-mail: jkerr@onpower.com

PRODUCTS AND SERVICES SHOWCASE

Test CT’s and PT’s
High performance at low cost. Model CT/PT is easy to
use  and super fast. Just connect and enter or retrieve
the stored program. RCF and Phase will appear like
magic. Prints certificates and multi-point reports.

Special Features:
• low cost
• high accuracy
• high speed, easy to use
• high power, to 8000A
• multi-point testing
• meets ANSI and IEC
• prints reports and certificates
• all solid state

OPTIMIZED DEVICES, INC.
220 Marble Ave. Pleasantville, New York 10570

Phone: 914 760 6100   Fax: 914 769 6102   
Email: sales@optdev.com

• Industrial Electrical Safety and OSHA Electrical
Safety Existing and Proposed Standards
• Circuit Breaker Testing and Maintenance
• Electrical Relay Protection

If you have field-tested experience in any of these
areas AND you have experience in instructing
courses, then send a description of what course
your would like to teach, along with your resume
to: 
Randolph Hurst, President, 
The Electricity Forum 
rwh@rogers.com

We have an IMMEDIATE NEED
for Electrical SAFETY trainers for
a variety of subjects:

• NFPA 70E Arc Flash Standard 
• Arc Flash Study
• Short Circuit Study
• Coordination Study
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AGO 39 www.ago1.com

http://www.electricityforum.com/products/AGO_Industries_Inc.html

Bulwark 47 www.vfc.com 

Cannon Technologies 7 www.cannontech.com

Circuit Breaker & Testing 

Maintenance conference 9 http://www.circuitbreakerconference.com/

Demand Response & Energy 
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Ecceleron 32 www.exeleron.com
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