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Preface
By Executive Director Bruce Smith

I

ndividual energy companies that
operate in Colorado spend
considerable time and resources
planning for the future needs of
their individual electricity consumers.
However, no organization in the state
is charged with critically examining
the “big picture” of our electricity
future, regardless of service territory,
regulatory jurisdiction or competitive
needs.
That is why, after serving for 13 years
as director of the Colorado Public
Utilities Commission, I helped launch
the Colorado Energy Forum.
The Forum includes energy producers
and energy consumers. Serving on
the Forum’s Board of Trustees are
representatives from every type of
utility that produces electrical power
in Colorado, as well as the state’s
leading advocate for low-income
energy assistance, a highly regarded
county commissioner and a
representative from a large electric
consumer. As the Forum grows, more
sectors and communities will be
brought in to work with the group,
including renewable energy and
energy conservation advocates,
agricultural groups, landowners and
others.
Over the past eight months, we have
asked, and sought to answer, this
question: What must we do today to
ensure that all Colorado families,
businesses and communities have
affordable, reliable and
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environmentally sound sources of
electricity in the decades ahead?
The following report is the Forum’s
response to that question. This report
does not include any recommendations
on how the state should address its
growing energy needs. offer a
preferred future electric resource mix
from the available choices such as
traditional electric generating
resources, emerging resources such as
integrated gasification combined cycle
coal technologies, renewable resources
such as wind and solar, or energy
efficiency. Rather its purpose is to
clearly outline the magnitude of the
problem. It is up to the citizens of
Colorado to determine the specific set
of generation resources and energy
efficiency measures to address this
identified resource need.
It is my hope that readers will come
away with three lessons:
♦ The problems are real.
♦ The economy will suffer if these
problems are not addressed.
♦ Postponing a decision on
solving the problems is, in
itself, a decision with very real
consequences.
I hope that you find this report
valuable and that it encourages you to
become involved in the debate on how
Colorado should meet its energy needs
now and into the foreseeable future.

Colorado Energy Forum

Executive Summary

T

he alarm clock goes off,
the lights go on, the
coffeepot heats up and,
with a push of a button,
the latest news comes on the
television set. This is a typical
morning for most people in
Colorado.
All of these activities are related
in that they require electricity. In
fact, many of the daily activities
of Coloradoans are dependent on
an electrical outlet.
Yet, rarely do people think about
how the electricity that powers
21st century homes, schools,
hospitals, businesses and
factories is provided. We simply
flick the switch and the lights go
on.
Electricity helps to keep our
families safe and secure in their
homes; it powers our computers,
phones and televisions; it makes
modern education possible; it is a
critical driver of our state
economy. In short, Colorado’s
electricity system provides the
very foundation for our standard
of living.
Since electricity came to Colorado
in the late 1800s, its use has

evolved from a luxury for the rich
to a necessity for all. Today, all
aspects of our lives are improved
by electricity, whether at home,
work or play.
Now imagine if one day the lights
did not go on or that electricity
again became a luxury affordable
only to the wealthiest of our
citizens.
Responsible for ensuring that
such scenarios do not happen are
the state’s 61 electric utilities.
They have met the challenges in
the past and stand ready and
willing to meet the needs of the
state in the future.
In the past, those utilities worked
independently to meet their own
demands, but in the era of
wholesale competition, the need
to cooperate has become more
important.
In this report, the Colorado
Energy Forum provides those
utilities, policy makers and the
public a comprehensive view of
both the current status of the
state’s electricity system and the
challenges posed by the state’s
changing demographics and
electricity demands. The premise
Page 11
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of the report is simple: It is
impossible to solve a challenge
without clearly identifying it first.
The report comprises four
separate studies that the Forum’s
staff has combined into one
comprehensive report that tells
“the whole story” of Colorado’s
electricity industry. The four
studies include:

“The base
case forecast shows
that 4,900
MW of new
generation
and or energy conservation
will be
needed by
2025 ”
- R.W. Beck
study

♦ Colorado Electricity Basics
♦ Colorado Energy Forum
Power Market Study
♦ Economic Impacts of
Higher Electricity Costs
♦ Economic Impacts of
Adequacy and Reliability
of Electric Power Supply
Our hope is that readers of the
report — even those who know
nothing about electricity — will
learn about the industry, the
challenges facing the state and
the impacts Colorado faces if new
infrastructure is not built to meet
these demands.
This Executive Summary
provides condensed information
regarding the four studies.
However, readers are strongly
encouraged to read, review and
comment on the report in its
entirety.

The Whole Story
The Colorado Department of
Local Affairs estimates that the
state’s population will grow to
over 6.7 million people by 2025.
That figure represents a 64
percent increase over our current
population.
Page 12

At the same time, individuals are
using more and more electricity to
carry out the activities of their
daily lives. It is now common for a
home to have air conditioning, as
well as multiple televisions,
refrigerators and computers.
The state’s utilities forecast that
this growth of electricity use will
continue over time. For example,
the wholesale power provider TriState Generation and
Transmission provided, on
average, 790 kWhs per month to
each of its Colorado consumers in
2005. It estimates that, by 2025,
its average Colorado customer
will use 832 kWhs monthly. That
is an increase of 5.2 percent.
By looking at the four studies in
this report as a whole, one
realizes that the state is facing
many challenges in meeting its
future electricity demand.
The Colorado Energy Forum
worked with R.W. Beck Inc., a
respected energy consulting firm,
to determine the state’s future
needs. R.W. Beck concluded that
the state’s utilities will need to
add a significant amount of new
generation and transmission
infrastructure to meet the
demand being stimulated by
population growth and increased
energy use demands.
R.W. Beck reached this
conclusion by compiling aggregate
forecasts for state energy and
demand requirements, based
primarily on forecasts from each
of the largest utility providers in
Colorado. The individual-entity
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forecasts are based on both
information publicly available, as
well as more recent nonpublic
information provided by
individual utilities. From this
information, R.W. Beck was able
to determine that Colorado
energy demand is expected to
grow at approximately 2 percent
per year through 2025.
The Beck forecast suggests that,
to meet this growth, the state will
need 4,900 megawatts (MW) of
new generation by 2025. Using a
high growth scenario, that
number could grow to as much as
7,000 MW of new generation by
2025. A reasonable expectation is
that this generation growth will
involve a portfolio of
approximately 3,000 MW of
baseload power, 1,500 MW of
intermediate power and 1,350
MW of peaking power.
For the average layperson these
numbers probably do not mean
much. However, they are sobering
to the state’s utilities. That level
of growth will require billions of
dollars and thousands of hours to
plan, construct and maintain the
necessary generation
infrastructure.

resources such as wind and solar,
and energy efficiency.
When the report references the
need for new generation, it should
be understood that some of this
resource need will be met through
energy efficiency measures.
Utilities around the state
increasingly are incorporating
energy efficiency goals and
savings as part of their overall
resource planning. Xcel Energy,
the state’s largest electric utility,
recently committed to achieve 320
MW and 800 GWh of efficiency
savings over the next eight years
(through 2013). This will be
achieved by using programs
targeted at both residential and
business customers, such as
installing new, energy efficient
lighting fixtures and bulbs.
There also has been significant
success through energy design
assistance programs for new
building construction in Colorado
and across the country.
Recommissioning programs
provide recommendations and

The Forum is not recommending
any particular resource mix to
meet the forecast needs identified
in this report. Future electricity
needs will likely be met with a
combination of traditional electric
generating technologies,
emerging generation technologies
such as integrated gasification
combined cycle, renewable
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released a report advocating
greater use of energy efficiency
resources in meeting Colorado
energy needs.

rebates for existing buildings to
operate their energy systems
more efficiently. These programs,
along with other equipment
rebate programs, provide
opportunities for customers to
manage their use of electricity
over time; this positively impacts
the electrical resource needs in
Colorado.
The precise role of energy
efficiency resources in meeting
future load growth, like the role
of all other resource, is still to be
determined. The total statewide
economic potential of energy
efficiency programs has not been
examined in this report; however
it ranks significant in terms of
importance for satisfying the
state’s overall future electricity
demand. Well designed efficiency
programs started in the near
term could deliver the most
success in 10, 15, or even 20 years
from now. The Western Resource
Advocates and the Southwest
Energy Efficiency Project recently
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Further, the R.W. Beck analysis
makes clear that new generation
facilities represent only a portion
of the infrastructure needed to
meet the state’s future electricity
demands. It is clear that most of
the new generation to be
constructed in the state will, by
necessity, be located in rural
areas. Moving that power from
those remote locations to demand
centers along Colorado’s Front
Range will require a robust
transmission system. Existing
high-voltage transmission lines
will need to be upgraded and
hundreds of miles of new lines
constructed to move adequate
amounts of electricity.
Such infrastructure comes at a
price. While costs vary
substantially from project to
project, per mile costs for new 230
and 345 kilovolt (kV)
transmission lines might range
from $250,000 to upwards of
$1million per mile, not including
substation costs, which are often
$3 million and up per facility.
Clearly, there will be no shortage
of challenges and hurdles for the
state’s utilities to overcome if
they are going to be able to meet
this new demand. Obvious are the
engineering, financing and
planning challenges. Less obvious
are the political, regulatory and
social hurdles involved. These
challenges may include:

Colorado Energy Forum

♦ Federal and state
environmental regulations
♦ The difficulties involved in
selecting the right portfolio
of energy sources
♦ Siting difficulties caused
by NIMBYism (Not In My
Back Yard)
♦ Cost recovery issues
♦ State and local permitting
processes
These challenges may seem
daunting. However, the state’s
utilities have no choice but to
meet them. Failure to do so
would have serious economic and
social ramifications for the state.

Economic and Reliability
Impacts
The Colorado Energy Forum
engaged former Colorado Public
Utilities Commission chief energy
economist Gary Schmitz to
predict the economic impacts if
the forecasted demand is not met
with least-cost options.

analysis is that making wrong
decisions, or postponing decisions,
can have huge economic
consequences.
The report indicates that, in order
to meet future demand,
thousands of decisions will have
to be made and each will have
economic impacts. Thus, the cost
of electricity in the future and, in
turn, the impact on the economy
will be determined by the
decisions made by utilities,
policymakers and regulatory
officials in the upcoming years.
The Colorado Energy Forum also
wanted to determine the economic
impacts if the worst-case scenario
were to be realized. The report
assumes that the worst-case
scenario is that utilities cannot
meet future demand and the state
experiences widespread reliability
problems. The organization
engaged Dr. P.K. Sen from the
Colorado School of Mines to
analyze the cost of such outages
to business and individuals.

In his Economic Impacts to
Colorado from Higher Electricity
Prices report, Schmitz notes that
Colorado electricity prices have
increased rapidly in the past
three years and have risen faster
than national electricity prices.
This increase is making the
Colorado economy less
competitive, reducing the future
growth of its employment base
and, as a result, its income. The
lesson learned from Schmitz’s
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The R.W. Beck
Study:
Lessons Learned
1. The state will
need to build more
power plants under any scenario,
including maximizing energy conservation.
2. Hundreds of
miles of transmission will need to
be built to connect
generation to consumers.
3. Numerous
obstacles exist to
building both
generation and
transmission.

In his Economic Impacts of
Adequacy and Reliability of
Electric Power Supply report, Sen
found that, without a long-term
strategic plan to assure the
production and transmission of
affordable and reliable electricity,
the state could face huge
economic impacts including a
significant loss of jobs and a
growing inability to attract new
business and associated revenue.
He found that the level of
reliability electric customers
require is related to the costs they
incur when their electricity is
interrupted. It is generally
accepted that the cost of
interruption is much lower for
residential customers than for
business or industrial consumers.
The outage costs also increase
with a customer’s level of
electricity consumption. Further,
the timing, frequency and
duration of the occurrences are
very important.
In addition to the direct costs to
customers of outages and the
economic impact of higher prices,
it is important to realize that
electricity is essential to
America’s safety and security.
Disruptions to or failures of our
electric system, whether caused
by nature or humans, have severe
and sometimes catastrophic
impacts that may reach far
beyond where the actual failure
or disruption occurs. The crucial
role that electricity plays in
modern society is discussed in the
Forum’s The Further Importance
of Reliable Electricity, contained
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in the report What Makes the
Lights Go On? The Basics of
Electricity in Colorado.
Several conclusions by Schmitz
and Sen stand out. They are:
♦ If the state’s resource needs
are not met in a timely
manner, Colorado
electricity service likely will
be less reliable. Failure to
meet future electric
resource needs increases
the likelihood of
widespread outages caused
by lack of adequate
generation and
transmission resources.
♦ A lack of adequate
attention to the planning
and build-out of necessary
electric resources and
facilities will likely cause
Colorado electric rates to be
substantially higher than
they otherwise would be.
♦ Colorado’s resource needs
can be met, thus avoiding
the inadequate resource
scenario discussed above.
However, the window for
doing so is shrinking. If
time or siting constraints
do not allow the acquisition
of least-cost resources and
the construction of the
associated transmission
infrastructure, Colorado’s
electricity prices will be
higher than they would be
if better planning processes
are used.

Colorado Energy Forum

Reviewing this report as a whole,
it is apparent that the state needs
to have a coordinated effort by
utilities, policymakers and the
public to meet forecasted
electricity demand. The R.W.
Beck study shows a need for new
generation and transmission
infrastructure. The studies by
Schmitz and Sen show the
economic and reliability impacts
if this demand is not met.
It is now up to the state’s utilities,
policymakers, regulators and, yes,
consumers to make the hard
decisions necessary to move
forward.
It is important to reiterate that,
in releasing this study, the
Colorado Energy Forum is not
advocating how the state’s
electricity needs should be met.
Rather, the Forum expects to be a
technical resource available to

groups that will be tasked with
taking on these challenges.

SUMMARY OF STUDIES IN
THIS REPORT
STUDY 1: Colorado
Electricity Basics Excerpt
The first study in this report is
actually an excerpt from a study
completed by the Colorado
Energy Forum titled What Makes
the Lights Go On? The Basics of
Electricity in Colorado. The study
points out that our nation’s
electric generation, transmission
and distribution system is the
most complex machine ever built
by man. It makes possible
virtually every aspect of our
modern daily lives.
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The Schmitz Study:
Lessons Learned
1. Electricity rates
have an impact on
Colorado’s economy
2. While Colorado
electricity prices are
still below the national average, they
have increased
faster than the national average in recent years. In 2005,
Colorado’s industrial
electricity prices exceeded the national
average.
3. If utilities are able
to meet the forecasted demand, at
lower costs through
good planning, the
negative economic
impacts may be reduced or avoided.

In spite of the central importance
of our state’s electric system, few
Coloradoans give much thought to
this network so tightly intertwined with our lives. Even fewer
know what it really takes to
“make the lights go on” in our
state.
Colorado Electricity Basics is
intended to gives citizens a peek
behind the curtain of Colorado’s
electric system. The primer
explains – in plain English – just
what it takes to keep our electric
system up and running and
powering Colorado’s future.
To receive a copy of What Makes
the Lights Go On? The Basics of
Electricity in Colorado., contact
the Colorado Energy Forum or
visit the organization’s Web site
at www.coloradoenergyforum.org.
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STUDY 2: Power Markets
The second study in this report,
The Colorado Energy Forum
Power Market Study, was
completed by R.W. Beck Inc.
It provides a comprehensive and
aggregate look at future
electricity needs in Colorado
through the year 2025.
R.W. Beck’s credentials to provide
such analysis are strong. The
firm has intimate knowledge of
the state’s utility industry, having
done extensive forecasting in
Colorado.
In summary, this study indicates
that Colorado will require
between 2,000 and 7000 MW of
new generation capacity and/or
energy efficiency resources over
the next 20 years, with the base
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case forecast being 4,900 MW of
new generation needed by 2025.
The actual need will be driven by
many factors, among the most
important being the state’s
economic health, population
growth, unit retirements, reserve
needs and fuel prices.
Resource additions of
approximately 3,000 MW
baseload, 1,500 MW intermediate
and 1,350 MW peaking is a
reasonable expectation of future
generation growth. However, the
optimum mix of generating units
to meet future capacity
requirements will ultimately
depend on the relative prices for
fuel sources, including coal and
natural gas, environmental
requirements and regulations
affecting generation operating
and construction costs, as well as
the costs of renewable
technologies.
Also influencing the future mix of
generation will be the availability
of transmission corridors and the
cost of constructing new
transmission systems to connect
new generating units. Since
baseload units tend to be sited
outside of metropolitan areas,
this could translate into an
estimated 500 miles of new
transmission lines (assuming that
plants will be sited within a 120mile radius of the Denver —
metro area). In addition,
upgrades to the existing
transmission system will have to
be made to integrate the growth
in load and generation.

STUDY 3: Economic
Impacts to Colorado from
High Electricity Prices
Gary Schmitz, the former chief
energy economist for the Colorado
Public Utilities Commission,
performed the third study.
Dr. Schmitz used the most recent
available data to forecast the likely
future economic impacts of electric
price increases on the Colorado
economy.
The study shows that while
Colorado electricity prices are still
below the national average, they
have increased rapidly in the past
three years and have risen faster
than national electricity prices.
This price increase is partially due
to Colorado’s increased reliance on
natural gas generation to meet
recent electricity demand growth.
This increase could make the
Colorado economy less competitive
and reduce the growth of future
Colorado employment and income.
Negative economic impacts may be
avoided by meeting forecasted
electricity needs in a lower cost
manner.
Of the several points that Schmitz
makes, three particularly stand
out:
♦ If future generation and
transmission resource needs
are not met in a timely
manner, Colorado electricity
service will likely be less
reliable. Failure to meet
future electric resource needs
will increase the likelihood of
widespread outages caused by
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The Colorado
School of Mines
Study:
Lessons Learned
1. Future electric
outages due to reliability problems
could have a huge
financial cost to
Colorado. A one
hour summer outage
of every Colorado
business has an estimated cost of $500
million, while an
eight hour winter
outage of all businesses has a $3.5
billion estimated
cost.
2. If the state’s utilities are not able to
meet the growing
demand, reliability
will be decreased
and more outages
will occur.
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lack of adequate generation
resources. (The research
performed by the Colorado
School of Mines provides
estimates of the customer
costs of power outages.)
♦ A lack of adequate attention
to the planning and buildout of necessary electric
generation and transmission
resources and facilities will
likely cause Colorado
electric rates to be higher
than they otherwise would
be.
♦ Colorado’s resource needs
can be met, thus avoiding
the inadequate resource
scenario discussed above.
However, if time or siting
constraints do not allow the
acquisition of least cost
resources, Colorado
electricity prices will likely
be substantially higher
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compared to where prices
would fall if better planning
processes were used.

STUDY 4: Economic and
Reliability Impacts to
Colorado from Outages
The Colorado School of Mines’
Division of Engineering, led by
Dr. P.K. Sen, was asked to study
how electricity outages due to
lack of generation impact
consumers.
Attributing costs to electric
service reliability disruptions is
nothing new to the electric power
industry. However, a Coloradospecific study had never been
completed. The Mines study was
focused on filling in that gap.
In general, Mines determined
that the majority of outage costs
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are borne by the commercial and
industrial sectors, and not the
residential sector. The cost to a
city, state or region’s economy is
directly related to the percentage of
customers that are residential,
commercial or industrial. The more
commercial and industrial
customers there are in an area, the
greater the economic impacts.
Mines found that costs to
residential and business can be
estimated to be:
♦ Residential consumers – For
residential customers, the
average cost of an outage
ranges from about $3.75 for a
short one-hour weekday outage
in the summer to about $8.00
for a longer, eight-hour
weekday outage.
♦ Business customers – For
business consumers, the cost
varies by sector, the length of
the outage and the size of the
customer. For smaller business
consumers, the costs vary from

about $1,200 for a short onehour weekday outage in the
summer to about $6,300 for a
long eight-hour weekday outage
in the winter. For large
industrial customers, these
numbers are $8,200 for a onehour summer outage and about
$105,000 for an eight-hour
winter episode.
Based on an extensive review of
previous studies and other regional
data, Mines determined that a one
hour summer outage cutting
electricity service to every Colorado
business has an estimated cost of
$500 million, while an eight hour
winter outage of all businesses has
a $3.5 billion estimated cost.
Mines concluded that negative
impacts of an inadequate and
unreliable electric supply include
loss of jobs and inability to attract
new business. They concluded that
without a long-term strategic plan
for affordable and reliable energy,
the state could face a huge
economic impact.

Full copies of all four reports discussed in this
Executive Summary can be downloaded at
www.coloradoenergyforum.org
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Colorado Electricity Basics
By Colorado Energy Forum Staff

The Basic Facts

I

n general, Colorado’s
electric customers are
classified as residential,
commercial or industrial.
Of the more than 2.3 million
electricity customers in Colorado,
the largest portion is residential.
Electricity usage per customer in
Colorado has historically been
substantially below the national
average, primarily due to our
relatively mild climate and lower
penetration of air conditioning.
Further, Colorado average retail
prices for electricity are below the
national average.
The electric utility industry is
generally divided into three parts:

by customers are caused by
problems in the distribution
system.
Generation — Generators of
electricity that use a variety of
fuel sources to produce
electricity and supply it to the
transmission system.
Transmission – Large towers
that efficiently move highvoltage electricity over long
distances from the generation
source to population centers
where the electricity is to be
used. Distribution lines
connect to transmission lines
at local substations.

Distribution – The part of
the system that actually
delivers the electricity to the
customer and, thus, the part
of the system that people are
most familiar with. The
distribution system includes
the power lines running to the
house, the pole in the
backyard and the “big green
box” in the park or the alley.
This equipment reduces
voltages to levels used in
homes and businesses. Most
electric outages experienced
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Depending on where they live,
Colorado retail customers buy
electricity from either an
investor-owned utility (like Xcel
Energy’s Public Service Company
of Colorado), a rural electric
cooperative (like Intermountain
REA) or a municipal utility (like
Colorado Springs Utilities).
In addition to these three types of
electric utilities, which sell
electricity directly to retail
customers, there are other
entities that only generate,
transmit and sell power, at the
wholesale level, to other utilities,
but that do not sell directly to
retail customers. These include
consumer-owned generation and
transmission associations,
municipal power agencies, the
Western Area Power
Administration (WAPA) and
nonutility generators.
Tri-State Generation and
Transmission Association (TriState G&T) is the only consumerowned generation and
transmission association

operating in Colorado. It is a
wholesale power supplier owned
by 44 rural electric cooperatives
in four states.
Two municipal power agencies in
Colorado (Platte River Power
Authority and Arkansas River
Power Authority) provide
generation and transmission
services to their respective
municipal utility members.
They are governed by boards of
directors appointed by the
member municipalities.
WAPA is one of four federal
power marketing agencies that
sell power and transmission
services to a wide variety of
wholesale customers. WAPA
serves in 15 Western states over a
1.3 million square mile area,
including municipal utilities and
rural electric cooperatives in
Colorado. WAPA is not subject to
the jurisdiction of either state or
federal regulators.
The category of nonutility
generators includes independent
power producers, exempt
wholesale generators and
qualifying facilities (usually
cogeneration arrangements). In
general, nonutility generators are
not subject to state or federal
regulation.
In one way or another, all of the
distribution utilities are
regulated in Colorado. The two
investor-owned utilities in
Colorado are regulated as
monopolies by the Public Utilities
Commission and serve the

Page 24

Colorado Energy Forum

majority of the customers in the
state. There are 29 municipal
electric systems in Colorado that
are regulated by their governing
boards. Additionally, there are 22
rural electric distribution
cooperatives serving wholly in
Colorado (18 of which purchase
their power from Tri-State G&T
and four that purchase power
from Xcel Energy and WAPA).
These distribution cooperatives
are regulated by their member
boards.
There are some trends related to
electricity in Colorado that are of
particular note:
♦ Electricity prices in Colorado
are increasing. They were
relatively stable at six cents
per kWh from 1990 through
2002. Since then, however,
the average price has
increased, up to near seven
cents per kWh in 2004. These
price changes reflect in part
the increased cost of fuels
used to generate electricity.
♦ Generation of renewable
energy for electricity has
increased rapidly in Colorado
in the past few years and is
expected to increase even
further in the future as the
result of the passage of the
statewide renewable energy
requirements of Amendment
37 (which requires that 10
percent of retail sales by
Colorado’s largest utilities be
from renewable resources by
2015). It was also announced
in March 2006 that Xcel

Energy has surpassed
Southern California Edison as
the largest purchaser of wind
energy in the nation.
♦ The high-voltage transmission
system in Colorado is
currently being fully utilized.
Despite some recent activity,
in general there has been a
significant lack of investment
in new transmission lines in
Colorado and throughout the
rest of the United States.
Appendix A of this report
discusses in more detail some
of the impediments to
transmission investments
(e.g., financial issues,
magnetic fields, noise and
facility siting delays). Given
the current state of
transmission in Colorado,
either new generation
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resources will need to be
located near load centers (i.e.,
among dense populations) or
new transmission lines must
be built in a timely manner
.
♦ The emergence of greater
wholesale electricity
competition means that
entities other than traditional
utilities now build and operate
power plants. Electricity
production from nonutility
generators in Colorado has
increased noticeably in the
last 14 years. The emergence
of wholesale competition also
means that utilities have
more choices to “buy versus
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build” in meeting future
electricity load demands.
♦ Colorado has also been adding
a large amount of new natural
gas-fired electric generation
capacity in the last 14 years.
While gas-fired generation has
some advantages with respect
to other fuel sources (e.g.,
lower capital costs, shorter
construction lead times,
greater efficiency and fewer
emission concerns), sharp gas
price increases and unstable
price volatility in recent years
have been of significant
concern.

Colorado Energy Forum
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Colorado Power Market Study
By R.W. Beck

Section 1: Introduction

C

olorado has historically
been able to offer
customers low-cost,
reliable electric service.
With a longer-term planning
horizon, better informed decisions
can be made to protect state
electricity consumers. In support
of this objective, the Colorado
Energy Forum (CEF) hired R.W.
Beck Inc. (R.W. Beck) to provide a
comprehensive and aggregate
look at future electricity needs in
Colorado through the year 2025.
Colorado is in the Rocky
Mountain Power Area (RMPA) of
the Western Electricity
Coordinating Council (WECC).
WECC is one of 10 electric
reliability councils in North
America. The WECC region is
geographically widespread with
significant distance between load
and generation areas, making
transmission constraints a
significant factor when
considering regional reliability
and when planning new-capacity
additions.
The latest WECC reliability
study, “10 Year Coordinated Plan
Summary, June 2005,” predicts
that by 2014 approximately
25,155 megawatts (MW) of

planned net generation will need
to be built to maintain adequate
reserve margins. It also states
that, if the 3,642 MW of planned
retirements and other de-rates
occur as scheduled and if no
plants are built beyond the
approximately 10,000 MW
already under construction,
WECC’s capacity margin would
drop below 12 percent by the
summer of 2012. A reserve
margin below 15 percent is
generally considered inadequate
in order to maintain the high
reliability of service customers
expect from electric utilities.
Figure 1-1 shows a graphical
representation of the WECC’s
resource diversity by primary
energy source (fuel type). The
regional pie charts depict the
percentage of generation capacity
by each type of resource for the
year 2006 (e.g., 55 percent of the
capacity in the Northwest Power
Pool (NWPP) is made up of hydro
resources). The figure illustrates
the overwhelming dominance of
particular resource types in
certain regions, e.g., the
dominance of coal in the RMPA
and the dominance of hydro in the
NWPP.
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Figure 1-1: Year 2006 Resource Mix for WECC
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Regional prices for the WECC
states demonstrate how the mix
of resources affects the price of
electricity.

generating units were added to
the mix of resources in the West,
resulting in higher overall
electricity prices.

Figure 1-2 compares the average
electricity price by state across
the WECC from 1990 to 2004.
The relationship between states
was relatively constant from 1990
through 2000. States with more
hydro and coal resources
traditionally had lower prices
than those states more reliant on
gas resources. Following the
California energy crisis of 2001,
prices in some of the states across
the WECC showed a dramatic
increase and continued to rise
through 2003. Prices in Colorado
were flat through 2002 and then
increased through 2003 and 2004.
Additionally, from 2000 through
2004 a significant number of gas

This report will focus on historical
load and generation in Colorado
and forecasts the need for new
generation moving forward. The
report is organized by the
following sections:
♦ Energy and capacity needs;
♦ Existing and planned
generation;
♦ Current transmission
capability; and
♦ Forecasted need for
resources in Colorado.

Figure 1-2: Average Electric Price by State, 1990-2004
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Section 2: Energy and Capacity Needs
Historical Look

In 2004, over half (59 percent) of
electricity sales in Colorado were
served by investor-owned
utilities. Distribution
cooperatives accounted for the
next largest share, or 23 percent
of sales, with municipal utilities
serving 18 percent. This data is
illustrated in Figure 2-1.
As exhibited in Table 2-1,
electricity sales to end-use
customers within Colorado
totaled approximately
46,724 gigawatt-hours (GWh) in
2004, which equates to an
average demand of 5,334 MW.
Average annual demand is the
average electricity usage over the
course of each hour of a year, as
determined by dividing the total
energy consumed, in GWh or

equivalent, by the number of
hours in a year. This average
demand at any time during the
year differs from peak demand,
which is indicative of the energy
usage during the single hour of
the year in which the highest
energy usage occurred.
In 1996, electricity sales were
37,073 GWh. Electricity sales
grew on average 2.9 percent per
year between 1996 and 2004.
Distribution cooperatives saw the
most growth over that time
period, with an average annual
growth of 4.3 percent. Investorowned utilities experienced
2.4 percent annual growth on
average between 1996 and 2004.
Table 2-2 lists retail electricity
sales in Colorado by entity.

Figure 2-1: Retail Share of Electricity Sales by Ownership Type, 2004

Municipal Utility
18%

Distribution
Cooperative
23%

Investor-Owned
Utility
59%
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Table 2-1: Retail Electricity Sales in Colorado by Ownership Type

Ownership Type:

1996 Sales
(GWh)

2000 Sales
(GWh)

2004 Sales
(GWh)

Average
Annual
Growth
1996 - 2004
(%)

Investor-Owned Utility

23,023

26,072

27,779

2.4%

3,171

59%

Distribution Cooperative
Municipal Utility
Total

7,611
6,439
37,073

9,337
7,611
43,020

10,681
8,264
46,724

4.3%
3.2%
2.9%

1,219
943
5,334

23%
18%
100%

Average
2004
Demand
(MW)

Share
of Total
(%)

Figure 2-2: Share of Retail Electricity Sales by Entity, 2004
Public Service Co. of Colorado
(IOU)
Colorado Springs Utilities
(Municipal)

Remaining Entities
(Those with 1% or Less
of Total Sales)
16%

Intermountain Rural Electric
Assoc. (Dist. Coop)
Aquila Inc. (IOU)
Fort Collins Utilities (Municipal)
Holy Cross Electric Assoc. (Dist.
Coop)

Aquila Inc.
4%
Intermountain Rural
Electric Assoc.
4%

Public Service Co. of
Colorado
54%
Colorado Springs
Utilities
9%

La Plata Electric Assoc. (Dist.
Coop)
United Power Inc. (Dist. Coop)
Longmont (City of) (Municipal)
Poudre Valley REA Inc. (Dist.
Coop)
Remaining Entities (Those with
1% or Less of Total Sales)
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Table 2-2: Retail Electricity Sales in Colorado by Entity, 1996-2004
Entity Name:
Aquila Inc.
Aspen (City of)
Burlington (City of)
Center Municipal Light & Power
Colorado Springs Utilities
Delta Montrose Electric Association
Delta Municipal Light & Power
Deseret Generation & Transmission Coop
Empire Electric Association Inc.
Estes Park Light & Power Dept
Fleming (Town of)
Fort Collins Utilities
Fort Morgan (City of)
Fountain (City of)
Frederick (Town of)
Glenwood Springs Electric System
Granada (Town of)
Grand Valley Rural Power Line Inc.
Gunnison County Electric Association Inc.
Gunnison Electric Dept
Haxtun (Town of)
High West Energy
Highline Electric Association
Holly (City of)
Holy Cross Electric Association Inc.
Holyoke Light & Power
Intermountain Rural Electric Association
Julesburg (City of)
K C Electric Association
La Junta Municipal Utilities
La Plata Electric Association Inc.
Lamar Utilities Board
Las Animas Municipal Light & Power
Longmont (City of)
Loveland Water & Power
Lyons (Town of)
Metropolitan Wastewater Reclamation
Moon Lake Electric Association Inc.
Morgan County Rural Electric Association
Mountain Parks Electric Inc.
Mountain View Electric Association Inc.
Oak Creek (Town of)
Poudre Valley REA Inc.
Public Service Co of Colorado
San Isabel Electric Association Inc.
San Luis Valley Rural Electric Coop Inc.
San Miguel Power Association Inc.
Sangre de Cristo Electric Association
Southeast Colorado Power Association
Southwestern Electric Coop Inc. (NM)
Springfield Municipal Utilities
Trigen Nations Energy Co
Trinidad (City of)
United Power Inc.
Western Area Power Administration
Wheatland Electric Coop Inc.
White River Electric Association Inc.
Wray (City of)
Y W Electric Association Inc.
Yampa Valley Electric Association Inc.
Yuma (City of)
Total

Ownership Type:
Investor-Owned Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Cooperative
Municipal Utility
Cooperative
Cooperative
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Cooperative
Cooperative
Municipal Utility
Municipal Utility
Cooperative
Cooperative
Municipal Utility
Cooperative
Municipal Utility
Cooperative
Municipal Utility
Cooperative
Municipal Utility
Cooperative
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Municipal Utility
Cooperative
Cooperative
Cooperative
Cooperative
Municipal Utility
Cooperative
Investor-Owned Utility
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Municipal Utility
Investor-Owned Utility
Municipal Utility
Cooperative
Cooperative
Cooperative
Cooperative
Municipal Utility
Cooperative
Cooperative
Municipal Utility
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1996
Sales
(GWh)
1,352
60
23
11
3,465
394
38
357
99
2
1,009
182
138
6
91
3
108
96
54
6
12
185
7
725
20
989
9
160
58
625
81
26
514
435
7
493
164
199
372
5
605
21,671
245
190
124
69
133
0
10
41
532
88
0
99
18
249
399
20
37,073

2000
Sales
(GWh)
1,584
64
30
14
4,071
474
42
26
394
110
2
1,211
217
157
24
102
3
137
105
57
7
14
326
7
873
21
1,382
10
186
66
849
95
29
658
500
9
451
180
221
479
5
678
24,488
258
203
152
84
173
0
11
45
696
108
0
138
19
307
442
23
43,020

2004
Sales
(GWh)
1,735
63
29
16
4,312
531
51
29
462
120
2
1,350
223
188
47
107
3
170
110
61
7
14
319
5
995
20
1,784
10
209
71
970
89
28
750
563
9
31
474
181
242
587
5
731
25,748
269
209
174
94
167
0
11
296
49
889
88
0
186
21
311
487
24
46,724

Average
Annual Growth
1996 - 2004
(%)
3.2%
0.5%
3.0%
4.4%
2.8%
3.8%
3.8%
3.2%
2.4%
1.4%
3.7%
2.5%
4.0%
28.7%
2.0%
3.2%
5.7%
1.8%
1.6%
1.8%
1.7%
7.0%
-3.9%
4.0%
-0.3%
7.6%
1.2%
3.4%
2.5%
5.6%
1.2%
0.9%
4.8%
3.3%
3.0%
-0.5%
1.3%
2.5%
5.9%
1.6%
2.4%
2.2%
1.2%
1.2%
4.3%
4.0%
2.9%
6.6%
1.5%
2.1%
6.6%
0.0%
0.3%
8.3%
1.7%
2.8%
2.5%
2.3%
2.9%

Average
2004
Demand
(MW)
198
7
3
2
492
61
6
3
53
14
0
154
25
21
5
12
0
19
13
7
1
2
36
1
114
2
204
1
24
8
111
10
3
86
64
1
4
54
21
28
67
1
83
2,939
31
24
20
11
19
0
1
34
6
101
10
0
21
2
35
56
3
5,334

Share
of Total
(%)
4%
0%
0%
0%
9%
1%
0%
0%
1%
0%
0%
3%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
1%
0%
2%
0%
4%
0%
0%
0%
2%
0%
0%
2%
1%
0%
0%
1%
0%
1%
1%
0%
2%
55%
1%
0%
0%
0%
0%
0%
0%
1%
0%
2%
0%
0%
0%
0%
1%
1%
0%
100%
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Figure 2-2 illustrates the
percentage share of these sales
for each entity. Public Service
Company of Colorado, an investor
owned utility (IOU), is the largest
single server of end-use customer
load, providing approximately
54 percent of all sales within the
state. The second largest
provider is Colorado Springs
Utilities, with 9 percent.

Residential sales were next, with
33 percent of sales, while
industrial followed with
25 percent, as indicated in
Figure 2-3.

Overall, the largest customer
class within Colorado is the
commercial class, which
accounted for 42 percent of
electricity sales in 2004.

industrial. However, for
cooperatives, the largest customer
class is residential (41 percent),
followed by industrial (32 percent)
and commercial (27 percent).

A detailed breakdown of customer
class by ownership type is
presented in Table 2-3. For IOUs
and municipals, the largest
customer class is commercial,
followed by residential, then

Figure 2-3: Share of Retail Electricity Sales by Customer Class, 2004

Residential
33%

Industrial
25%

Commercial
42%
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Table 2-3: Retail Electricity Sales in Colorado by Ownership Type and Customer Class,
1996-2004
1996
Sales
(GWh)

Ownership Type/
Customer Class

2000
Sales
(GWh)

2004
Sales
(GWh)

Average Annual
Growth 1996 2004 (%)

Average 2004
Demand
(MW)

Share
of Total
(%)

Investor-Owned Utility
Residential

6,870

7,993

8,490

2.7%

969

31%

Commercial

10,262

12,613

13,357

3.3%

1,525

48%

5,613

5,144

5,914

0.7%

675

21%

23,023

26,072

27,779

2.4%

3,171

100%

Residential

2,947

3,630

4,368

5.0%

499

41%

Commercial

2,028

2,737

2,922

4.7%

334

27%

Industrial

2,083

2,436

3,391

6.3%

387

32%

Total Cooperative

7,611

9,337

10,681

4.3%

1,219

100%

Residential

2,053

2,405

2,675

3.4%

305

32%

Commercial

1,949

2,640

3,219

6.5%

367

39%

Industrial

2,252

2,375

2,370

0.6%

271

29%

Total Municipal Utility

6,439

7,611

8,264

3.2%

943

100%

Residential

11,871

14,029

15,532

3.4%

1,773

33%

Commercial

14,239

17,989

19,498

4.0%

2,226

42%

Industrial
Total Investor-Owned Utility
Distribution
Cooperative

Municipal Utility

Total Sales

Industrial
Total Sales

9,947

9,955

11,675

2.0%

1,333

25%

37,073

43,020

46,724

2.9%

5,334

100%

Methodology for
Forecasting Energy
Requirements
R.W. Beck compiled aggregate
forecasts for state energy and
demand requirements, based
primarily on compiling individual
forecasts from the largest utility
providers in Colorado. The
individual-entity forecasts are
based on information publicly
available for the utility, along
with more recent nonpublic
information. The latter was
provided to R.W. Beck in the
interest of ensuring a robust,
1

comprehensive study, under the
assumption of confidentiality. As
such, only an aggregate Colorado
forecast is presented, without any
breakdown of forecast by
ownership type or individual
entity.1
Three cases (base, high, and low)
were developed for both the
energy usage and peak demand
forecasts. The base cases are the
best estimate of expected future
energy usage. The high and low
cases were developed to illustrate
a range of reasonable projections,
given uncertainty in the
underlying assumptions.

Approximately 80% of the forecast was provided by individual entities; the remainder was estimated through publicly
available data and analysis by R.W. Beck.
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R.W. Beck developed the base
case demand forecast through
aggregation of the individual
demand forecasts of key entities
in the state, which accounted for
a large percentage of the state
demand. Load in regions served
by other entities was derived from
known or estimated energy
requirements and known or
estimated load factors from
comparable regions. Based on
previous work done by R.W. Beck,
a 98.5 percent coincidence factor
on peak demand was applied.
The high case demand forecast
was developed by extending the
trend of historical demand and
then calibrated to be consistent
with high and low cases used by
utilities in Colorado. The low
demand case was developed by
applying a similar downside
uncertainty trend line. In Public
Service Company of Colorado’s
2003 Least-Cost Resource Plan,
they presented a high case that
was 12 percent higher than the
base case in 2024 and a low case
that was 9 percent lower. In TriState’s 2005 Electric Least-Cost
Resource Plan, they presented
high and low cases that were
13 percent around the base case
in 2024. R.W. Beck’s high and
low cases are slightly more
conservative — 11 percent around
the base case in 2024.

forecast Colorado energy. Energy
forecasts for other areas were
assumed to grow at a rate
comparable to that for similar
state regions for which forecasts
were made available to
R.W. Beck. The forecasts
provided by the utilities include
their demand-side management
strategies. No assumptions for
additional demand-side
management reductions were
included in the base case. The
high case energy forecast was
derived from the high case
demand forecast and the assumed
load factor. Similarly, the low
case energy forecast was derived
from low case demand forecast
and the assumed load factor. The
low case demand and energy
forecasts could represent greater
implementation of demand-side
management strategies and
energy efficient resources than is
included in the utilities’ base case
forecasts.

R.W. Beck developed the energy
base case forecast in a similar
manner to the demand base case.
That is, energy forecasts from key
individual entities across the
state were aggregated,
comprising the majority of total
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2025, a decline from the
4.2 percent growth that occurred
between 1996 and 2004.

Some of the data was provided at
the wholesale energy level, while
other data represented electricity
sales. A 5 percent loss factor was
added to the electricity sales data
to present all data in terms of
power needed to serve load in
Colorado.

Figures 2-4 and 2-5 illustrate
both historical results and the
base case, high case and low case
forecasts for peak requirement
and energy requirement,
respectively. The high case
represents a continuation of the
growth rates observed over the
past 10 years, with an average
growth rate ranging from
2.5 percent to 3 percent over the
future horizon. The low case
represents a slower than expected
growth rate of 1.5 percent over
the next 20 years. By
maintaining a constant load
factor between the base case and
the sensitivities, cases for high
and low energy requirements
were estimated.

Results

The base case forecast for
Colorado energy and demand
requirements is presented in
Table 2-4. Energy demand is
expected to grow at about
2 percent per year through 2025,
a decrease from the 2.9 percent
growth observed from 1996
through 2004. The expected
slowdown in energy growth is
consistent with, and partially
attributable to, the expected
slowdown in population growth
for the state. A similar trend is
observable in the forecast for
peak load growth, which is
expected to grow an average of
2.2 percent per year out through

Figure 2-4: Historical and Forecast Peak Requirement, 1996-2025
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Table 2-4: Historical and Forecast Energy and Demand Requirements, 1996-2025
Year

Estimated
Peak Load
(MW)

Estimated
Annual Energy
(GWh)

Estimated
Load Factor
(%)

Peak Load Growth
(% per Year)

Energy Growth
(% per Year)

1996

6,873

38,927

65%

—

—

1997

7,217

39,973

63%

5.0%

2.7%

1998

7,659

41,553

62%

6.1%

4.0%

1999

7,826

42,599

62%

2.2%

2.5%

2000

8,298

45,171

62%

6.0%

6.0%

2001

8,560

46,448

62%

3.2%

2.8%

2002

9,004

48,234

61%

5.2%

3.8%

2003

9,273

48,819

60%

3.0%

1.2%

2004

9,429

49,060

59%

1.7%

0.5%

2005

9,964

51,546

59%

5.7%

5.1%

2006

10,080

52,656

60%

1.2%

2.2%

2007

10,390

54,238

60%

3.1%

3.0%

2008

10,648

55,664

60%

2.5%

2.6%

2009

10,878

56,963

60%

2.2%

2.3%

2010

11,096

58,185

60%

2.0%

2.1%

2011

11,327

59,426

60%

2.1%

2.1%

2012

11,562

60,650

60%

2.1%

2.1%

2013

11,806

61,904

60%

2.1%

2.1%

2014

12,090

63,296

60%

2.4%

2.2%

2015

12,400

64,662

60%

2.6%

2.2%

2016

12,660

66,022

60%

2.1%

2.1%

2017

12,919

67,315

59%

2.0%

2.0%

2018

13,158

68,531

59%

1.8%

1.8%

2019

13,432

69,908

59%

2.1%

2.0%

2020

13,705

71,321

59%

2.0%

2.0%

2021

13,982

72,696

59%

2.0%

1.9%

2022

14,254

74,083

59%

1.9%

1.9%

2023

14,532

75,468

59%

2.0%

1.9%

2024

14,821

76,901

59%

2.0%

1.9%

2025

15,114

78,351

59%

2.0%

1.9%
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Figure 2-5: Historical and Forecast Energy Requirement, 1996-2025

Section 3: Existing and Planned Generation
Currently, Colorado has approximately 11,300 MW of total summer generating capacity. Three
entities combine to own approximately 52 percent of this capacity: Public Service Co. of Colorado
owns 35 percent; Tri-State Generation & Transmission Association owns 10 percent; and the
U. S. Bureau of Reclamation owns
7 percent. The 10 largest generating plants, listed in Table 3-1,
account for 56 percent of the
state’s generating capacity. Figure 3-1 depicts the location of
plants generating greater than
50 MW.
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Though not included in the tables
and figures in this section, additional dedicated capacity is currently provided by out-of-state
generation plants. Most notable among these are additional
Western Area Power Administration (WAPA) firm hydro capacity
allocations of up to 500 MW and
Tri-State Generation & Transmission Association coal-fired capacity imports of approximately
340 MW. Additionally, 620 MW
of the capacity at Craig and Hayden is owned by utilities that
serve load outside of the state.
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Current Mix of Resources
Capacity and Fuel Mix
The fuel mix for Colorado’s generating summer capacity is illustrated in Figure 3-2. Coal- and
gas-fired power plants account for
43 percent and 41 percent, respectively, of the state’s current generating capacity. Hydroelectric
plants account for 11 percent of
capacity. Renewable sources and
oil-fired plants comprise 3 percent
and 2 percent, respectively.
Figure 3-3 shows the change in
Colorado capacity fuel mix over
the past decade. The depicted
changes include the addition of
new generating units, conversion
of existing units, and retirement
of various plants or specific units.
The total summer capacity for

hydroelectric and coal-fired power
plants has remained relatively
stable over this time period.
Similarly, oil-fired power plant
capacity has remained stable.
However, observable increases
have occurred for capacity from
gas-fired and renewable sources.
A modest increase in gas-fired
capacity occurred between 1997
and 2001, surpassed by a major
gas-fired plant building phase between 2001 and 2004. Whereas
renewable capacity was hardly
observable in 2003, there has
been a noticeable increase in
installed capacity from these
sources since then.
Installed capacity in Colorado
was 7,654 MW in 1995. Table 3-2
illustrates capacity growth overall
and by fuel type since 1995.

Table 3-1: Largest Generating Plants in Colorado
Plant Name

Total Summer Capacity(MW)

Type

Location

Craig

1281

3 Coal-fired ST Units

Craig, CO

Cherokee

717

4 Coal-fired ST Units

Commerce City, CO

Fort St. Vrain

691

1 Gas CC Unit

Platteville, CO

Rocky Mountain
Energy Center
Comanche

662

1 Gas CC Unit

Hudson, CO

660

2 Coal-fired ST Units

Pueblo, CO

Rawhide

510

Wellington, CO

Front Range
Power Project
Pawnee

507

4 Gas GT Units; 1 Coal-fired ST
Unit
1 Gas CC Unit

505

1 Coal-fired ST Unit

Brush, CO

Hayden

446

2 Coal-fired ST Units

Hayden, CO

Cabin Creek Co.

324

2 Pumped Storage Hydro Units

Silver Plume, CO
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Figure 3-1: Colorado Generating Plants with Total Summer Capacity Greater Than 50 MW

Summer capacity grew approximately 4.4 percent per year between 1995 and 2004. Most of
this growth was through the addition of gas-fired power plants, exemplified by the increase in their
percentage share of the total capacity from 17 percent to
41 percent. Percentage share of
capacity from coal-fired plants
dropped noticeably from
66 percent in 1995 to 44 percent
in 2004.

Resource Type

Current capacity by resource type
is presented in Figure 3-4. The
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resource types are baseload, accounting for 54 percent of capacity, intermediate; representing
27 percent; and peaking, comprising 19 percent of installed summer capacity. A description of
each of these resource types, as
used for categorization in this report, is provided here:
♦ Baseload units typically operate continuously until
shutdown for maintenance.
This report classifies hydroelectric plants, and coalfired plants as baseload resources.
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Figure 3-2: Colorado Electricity Fuel Mix by Total Summer Capacity (MW), Year 2006
Renewable
3%
Oil
2%

Hydro
Coal
Gas
Oil
Renewable

Hydro
11%

Coal
43%

Gas
41%

Source: Energy Velocity data compiled from Global Energy Primary Research, Websites, State & Federal Agencies,
EIA 860, NERC ES&D, CFE, StatsCanada.

Figure 3-3: Historical Colorado Fuel Mix by Capacity, 1995-2005
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State & Federal Agencies, EIA 860, NERC ES&D, CFE, StatsCanada.
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supply stack. Figure 3-5 illustrates the current electricity supply stack for generation plants in
Colorado. As expected, units run
by lower-cost fuels comprise the
left side of the curve, since plants
with these fuel sources have the
lowest marginal operating cost.
The marginal cost increases significantly for gas-fired and oilfired generating units. All costs
are based on most recent fuel cost
estimates as compiled by Energy
Velocity in March 2006.

♦ Intermediate units typically
operate when demand is in a
range between what is
needed to operate baseload
and peaking plants. This
report classifies
combined-cycle plants and
gas-fired steam turbines as
intermediate resources.
♦ Peaking plants have the
highest operating costs and
fast start-up times and are
typically dispatched only to
meet peak demand. This
report classifies gas-fired
gas turbines, internal combustion engines, and intermittent resources such as
wind as peaking resources.

Energy
In 2004, Colorado power plants
generated approximately
47,000 GWh of electricity. Additional Colorado load was served
through out-of-state dedicated
generation of approximately
3,000 GWh from additional firm
WAPA hydro allocations and approximately 500 GWh in imported
coal generation from Tri-State
Generation & Transmission Asso-

Utilities typically decide which
plants to dispatch based on the
marginal operating cost, of which
fuel cost is the largest component.
A useful tool for comparing the
costs of electricity production for
various resources is an electricity

Table 3-2: Colorado Total Summer Capacity (MW)

Fuel Type

1995

2000

2004

Average
Annual
Growth
Rate (%)

1995
Share
(%)

2000
Share
(%)

2004
Share
(%)

Hydro

1,169

1,197

1,201

0.3%

15.3%

13.8%

10.7%

Coal

5,038

5,038

4,948

-0.2%

65.8%

58.2%

44.0%

Gas

1,264

2,201

4,665

15.6%

16.5%

25.4%

41.4%

Oil

177

184

195

1.0%

2.3%

2.1%

1.7%

Renewable

5

32

246

54.9%

0.1%

0.4%

2.2%

Total

7,654

8,653

11,256

4.4%

100.0%

100.0%

100.0%
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ciation. For simplicity, the out-ofstate generation used to serve
Colorado load is not included in
the following tables and figures .
The Colorado generation fuel mix,
displayed in Figure 3-6, is composed mostly of coal with
74 percent, followed by gas and
hydro with 23 percent and
2 percent, respectively. While
coal-fired plants make up less
than half of the installed capacity
in the state, their generation accounts for almost three-quarters
of the energy needed to serve
Colorado. This is consistent with
their lower marginal operating
costs relative to gas and oil-fired

plants and their dispatch as
baseload units.
Gas-fired plants account for most
of the generation growth observed
in Colorado since 1995, as exemplified in Figure 3-7. The average
annual generation growth in
Colorado between 1995 and 2004
was 4.2 percent, as presented in
Table 3-3. During that span, gas
generation has increased from
287 GWh, or about 1 percent
share, in 1995 to just under
11,000 GWh in 2004, or about
23 percent share. The percentage
share for coal generation over
that time period dropped from
93 percent to 75 percent.

Figure 3-4: Current Colorado Summer Capacity by Resource Type
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Figure 3-5: Current Colorado Electricity Supply Stack Energy
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Potential New Additions
Table 3-4 presents future generation projects in Colorado that are
in the construction process, as
well as a few outside the state
that will serve load in Colorado.
The units currently being constructed include the Comanche
project, a 750-MW coal-fired plant
expansion scheduled to begin
commercial operation in late
2009; Springerville, with a 400MW unit scheduled to begin commercial operation in the third
quarter of 2006; and the 37-MW
coal-fired Lamar Plant.
Besides the projects listed in Table 3-4, other fossil-fired plants
have been proposed and some are
in the permitting process. Exam-
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10,000

12,000

ples of these include Tri-State’s
Holcomb Station and the Colorado Power Project, a joint initiative of several participants. In
addition, approximately 575 MW
of wind generating capability and
7.8 MW of hydroelectric capacity
are at various stages of development. Future additional wind
capacity will be required beyond
the proposed 575-MW projects in
order to meet the Renewable
Portfolio Standard (RPS) established by the passing of Amendment 37 in November 2004. Additionally, new solar will need to be
added to the mix of resources in
Colorado to meet the solar requirement of the RPS.
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Figure 3-6: Colorado Electricity Fuel Mix by Generation (Net MWh), Year 2004
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Figure 3-7: Historical Colorado Fuel Mix by Net Generation, 1995-2004
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Table 3-3: Colorado Net Generation (GWh)

1995

2000

2004

Average
Annual
Growth
Rate (%)

Hydro

2,101

1,374

1,003

-7.9%

6.4%

3.2%

2.1%

Coal

30,276

35,102

35,308

1.7%

92.7%

81.2%

74.6%

Gas

287

6,661

10,751

49.6%

0.9%

15.4%

22.7%

Oil

10

91

16

5.1%

0.0%

0.2%

0.0%

Renewable

0

0

244

—

0.0%

0.0%

0.5%

32,674

43,299

47,323

4.2%

100.0%

100.0%

100.0%

Unit
Type

No. of
Units

Status

Expansion
or New
Build

Expected
Commercial
Online Date

Coal ST

1

Under
Construction

Expansion

7/1/2006

Expansion

10/1/2009

Expansion

1/1/2008

Fuel Type

Total

1995
Share
(%)

2000
Share
(%)

2004
Share
(%)

Table 3-4: Proposed Generation Additions
Project

Location

Nameplate
Capacity
(MW)

New Capacity (included in Section 6)
Springerville GenSpringerville, AZ
400
eration
Station, ST3
Comanche

Pueblo, CO

750

Coal ST

1

Lamar Plant

Lamar, CO

37

Coal AB

1
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Section 4: Current Transmission Capability
Colorado’s transmission system is
characterized by nonsynchronous
operation to the east (i.e., connections have to be through AC/DC
converters such as the Lamar DC
tie shown in Figure 4-1), very limited connections from the southeast into New Mexico and constrained transmission paths from
Wyoming (TOT 3), Utah (TOT
1A), the Four Corners region
(TOT 2A) and even two significant internal transmission constraints between Western Colorado and the Central Mountain
region (TOT 5) and between the
Fort Collins area and Denver
(TOT 7). Table 4-1 provides additional detail on the constrained
transmission paths.
Figure 4-1 identifies Colorado
load area defined by the significant transmission constraints and
Table 4-2 shows the approximate

percentage of Colorado load that is
in the zones.

Western Colorado

The Western Colorado area has
about 9 percent of the state load
and 2,350 MW of generating capability. Table 4-3 shows the generating plants in this region.
Some of the large coal generating
stations in this region are owned
by utilities located in Utah and
Arizona. Therefore, some of the
power generated from this zone
will be delivered south through the
Four Corners region and west into
Utah.

Central Mountain

The Central Mountain area west of
Denver has approximately
5 percent of the state load and approximately 600 MW of generating

Table 4-1: Colorado Transmission Constrained Paths
Path Description

Rating
(MW)

30

TOT 1A: Utah to Western Colorado

E to W: 650 MW

31

TOT 2A: Four Corners to Southwest
Colorado

N to S: 690 MW

36

TOT 3:

Wyoming to Northeast Colorado

N to S: 1,450 MW

TOT 5:

Western Colorado to Central
Mountain area

W to E: 1,675 MW

TOT 7:

Fort Collins Area to Denver

N to S: 890 MW

Path No.

39
40
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Figure 4-1: Colorado Constrained Transmission Load Zone

Table 4-2: Colorado Load Areas
Colorado Region

State Load (%)

Central Colorado

5%

Eastern Colorado

77%

North Central Colorado (TOT 3-7)

9%

Western Colorado

9%
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capability. Table 4-4 provides a
description of generation in the
area. This zone represents the
mountainous ski region and is
likely to remain an area where
load exceeds generating capability given the type of generation
(i.e., hydro and pumped storage)
and given that siting additional
generating resources would be
difficult. This zone can be expected to absorb some of the imports over TOT 5.

TOT 3 to TOT 7 Area

There is an area north of Denver
located between the constrained
TOTs 3 and 7 that has approximately 9 percent of the state load
and 850 MW of generating capacity. Table 4-5 identifies the generating plants in this area.
This area will import under heavy
load conditions absorbing, some of

the imports from Wyoming over
TOT 3. There is close to 200 MW

Table 4-3: Western Colorado Generation

On-Line
Date

Plant Name

Unit
Type

Interconnection
(kV)

Generation
Capacity
(MW)

1967

Blue Mesa

Hydro

115

86

1978

Crystal

Hydro

115

32

1992

McPhee Power
Plant

Hydro

115

1

1962

Molina

Hydro

115

14

1971

Morrow Point

Hydro

230

173

1909

Shoshone
(PSCO)

Hydro

115

15

1993

Towaoc

Hydro

115

12

1960

Cameo

ST-Coal

69

77

1984

Craig

ST-Coal

230

1,224

1965

Hayden

ST-Coal

230

488

1991

Nucla

ST-Coal

115

115

1987

American Atlas
#1 Cogeneration

CC-Gas

230

87

1973

Fruita

CT-Gas

69

17

Total

2,341

ST = Steam Turbine; CC = Combined Cycle; CT = Conventional Turbine; PSCO Public Service Of Colorado
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of hydro generating capacity in
the area, which could have lower
production levels at times during
the year.

between this zone and the Denver
zone. TOT 7 has the highest potential for being constrained under heavy Wyoming imports,
lighter load within the TOT 3 to
TOT 7 area and high hydro generation.

Exports from this area can be limited by TOT 7 to the south; however, TOT 7 represents only a
portion of the transfer capability

Table 4-4: Central Mountain Area Generation
On-Line
Date

Plant Name

Unit
Type

1959
1943
1967
1984
-

Williams Fork Hydro Plant
Green Mountain
Cabin Creek (PSCO)
Mount Elbert
Granby
Willow Creek
NCWCD

Hydro
Hydro
Pump Storage
Pump Storage
-

Interconnection
(kV)
138
69
230
230
69
69
138
Total

Generation
Capacity
(MW)
3
26
324
200
15
4
36
608

Table 4-5: TOT 3 to TOT 7 Area Generation
On-Line
Date

Plant Name

Unit
Type

Interconnection
(kV)

1959
1950
1954
1951
1954
1984
2002

Big Thompson
Estes
Flatiron
Mary’s Lake
Pole Hill
Rawhide
Rawhide

Hydro
Hydro
Hydro
Hydro
Hydro
ST-Coal
CT-Gas

115
115
115
115
115
230
230

Generation
Capacity
(MW)
5
45
95
8
38
290
189

1996

Thermo Greeley Inc.

CT-Gas

115

32

1988

Thermo Power &
Electric Inc.
Rawhide

CC-Gas

115

75

CT-Gas

Total

74
851

2004
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Eastern Colorado
The Eastern Colorado area, primarily the Front Range area, has
the majority of Colorado load,
77 percent, and this area is already characterized by transmission import constraints.
Table 4-6 provides a description
of the generation in the area, approximately 7,600 MW existing
and 8,350 including units under
construction.

As load grows in this area, new
transmission to import additional
generation from outside of eastern Colorado and/or new generation within eastern Colorado will
be required to meet the load
growth. In either event, new
transmission within eastern Colorado will also be required to deliver the new resources to load.
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Table 4-6: Eastern Colorado Generation
On-Line
Date

Plant Name

Unit
Type

Interconnection
(kV)

1951
1954
1957
1959
1964
1964
1968
1972
1972
1972
1976
1977
1977
1980
1981
1988
1990
1994
1994
1997
1998
1999
1999
2000
2001
2001
2001
2001
2002
2002
2002
2002
2002
2003
2003
2003
2004
2004
2006

Arapahoe (PSCO)
Zuni
George Birdsall
Clark (UTIL)
Pueblo
Valmont
Drake
Fort Lupton
Lamar
Lamar (PLT)
Comanche (PSCO)
Alamosa
Burlington GT (TSGT)
Nixon
Pawnee
Cherokee (PSCO)
Brush Power Project
Brush Cogen Project Phase 2
Fort Lupton I
Stanley Canyon (Tesla Hydro)
Fort St. Vrain
Brush Cogen Project Phase 4
Nixon
Manchief Power Station
Fountain Valley (BLHIGE)
Valmont (BLHIGE)
Valmont (BLIGE)
Valmont (PSCO)
Arapahoe (BLHIGE)
Brighton/Barr Lake
Brush Power Project
Limon (TSGT)
Plains End
Blue Spruce Energy Center
Front Range Power – Nixon
Colorado Green Wind Farm
Lamar Wind Farm
Rocky Mountain Energy Center
Spring Canyon Wind Farm

ST-Coal
ST-Gas
ST-Gas
ST-Coal
CT-Oil-l
ST-Coal
ST-Coal
CT-Gas
ST-Gas
ST-Gas
ST-Coal
CT-Gas
CT-Oil-l
ST-Coal
ST-Coal
ST-Coal
CT-Gas
CC-Gas
CC-Gas
Hydro
CC-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CC-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CT-Gas
CC-Gas
Wind
Wind
CC-Gas
Wind

UC-2007
UC-2009

Gross Hydro Plant
Comanche

Hydro
ST-Coal

115
115
115
115
115
115
115
115
230
69
230
115
115
230
230
115
115
115
230
115
230
115
230
230
230
115
115
115
115
230
115
115
230
230
230
230
Total
Total

Note: UC = under construction
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Generation
Capacity
(MW)
262
115
57
41
14
188
259
100
210
25
725
36
120
204
530
779
88
68
265
25
700
50
80
280
200
38
38
40
164
128
55
140
110
280
480
162
8
478
60
7,602
8
750
8,359

Colorado Energy Forum

New Transmission Needs
and Costs
When considering transmission
expansion of the bulk (or backbone) system to be used to deliver
new remote resources to load, it is
important to recognize that the
planning phase to commissioning
of the transmission facilities generally covers a span of many
years. For example, once planning identifies the need for a new
line, route alternatives and design are determined, environmental and permitting assessments are completed, applications
are filed with the relevant siting
boards and commissions, and only
after approval is granted is right-

of-way secured and construction
started. A period of time ranging
from five to seven years is not unusual.
Additionally, there are several
cost considerations, and while the
costs will vary substantially from
project to project, per-mile costs
for new 230 - 345 kV transmission
lines might range from $250,000
to upwards of $1 million per mile
for overhead construction, not including substation costs (often $3
million and up for a three-breaker
ring bus). Underground construction of transmission lines would
be significantly higher.
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Section 5: Forecasted Need for Resources
in Colorado
Load and Resource
Balance

Base Case Results
Using the base case load forecast
developed in Section 2 and the
generation in Colorado presented
in Section 3, we can look at the
potential need for new generation
in the state. Figure 5-1 presents
Colorado loads versus resources
through 2025. The requirement
line represents the base case peak
demand in Colorado times a
15 percent reserve margin requirement. The resource stack
includes all the generation located in Colorado, less the

620 MW owned by utilities that
serve customers outside of Colorado, as well as out-of-state resources that are dedicated to
serving load in Colorado (see Section 3 discussion). Additionally,
two new baseload resources were
added to the resource mix, the
Springerville 400-MW expansion
in 2006 (however, only 200 MW is
expected to come to Colorado) and
the 750-MW Comanche expansion
in 2010. Based on the base case
forecast, additional resources are
needed in the state as soon as
2007, although with the addition
of Comanche, reserves are almost
met in 2010. By 2025, 4,900 MW
of new generation will be needed.

Figure 5-1: Load – Resource Balance in Colorado, Base Case
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High-Growth Case Results

Reserve Margin Analysis

Figure 5-2 presents the same information but shows the need under the high case. With peak
growth rates similar to those experienced over the past ten years,
there is a need for new generation
as early as 2006. In 2010, when
Comanche comes online, there is
still need for an additional
1,000 MW of capacity, and by
2025, approximately 6,800 MW of
new generation will be needed.

In addition to volatile load
growth, the reserve requirement
can vary due to potential federal
regulation and revisions by individual utilities and across utilities. Xcel had a 13% reserve margin until recently when the company moved to a 17% reserve
margin. Figure 5-4 presents the
range of generation needed under
the three load growth scenarios
as well with low, medium and
high reserve margin requirements. At the low extreme, implying low growth and a
12 percent reserve margin requirement, no new generation is
needed until 2013, and just over
2,200 MW are needed by 2025. At
the other extreme, with high load
growth and an 18 percent reserve
margin requirement, new generation is needed immediately, and
by 2025 over 7,000 MW of new
generation is needed.

Low-Growth Case Results
In the low-growth case presented
in Figure 5-3, additional resources are needed by 2008 and
2009, but with Comanche on-line
in 2010, additional new resources
aren’t needed again until 2012.
Only 2,800 MW are needed by
2025.
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Figure 5-2: Load–Resource Balance in Colorado, High Case
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Figure 5-3: Load–Resource Balance in Colorado, Low Case
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Figure 5-4: Generation Needed, MW
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Resource Mix
To evaluate what the potential
mix of resources to meet capacity
might look like in the future, we
analyzed the relationship between energy and capacity needs
and estimated the amount of
baseload, intermediate and peaking resources that might be
needed in 2015 and 2025. Figure
5-5 presents the 2006 resource
mix, differentiated by baseload,
intermediate and peaking resources, against a load duration
curve for Colorado. The load duration curve represents annual
hourly load (8,760 data points),
sorted from highest to lowest.
Overlaying the load duration
curve on the resource mix allows
us to evaluate the amount of energy that is needed by the various
resource types across a year.
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However, this is just an approximation, as it does not take into
account transmission constraints,
unit dispatch constraints or other
constraints on the system.
Figure 5-5 shows that baseload
resources serve a majority of the
energy needs in 2006. As mentioned in Section 3, coal-fired generation accounted for 75 percent
of total energy in 2005. The intermediate resources meet most
of the remainder of the energy
need, and the peaking resources
are available for some dispatch,
but primarily to meet reserve requirements.
Using the base case load growth
projection and the 15 percent reserve margin requirement, we
broke down the capacity need into
baseload, intermediate and peak-

Page 59

Colorado Energy Forum

ing resources for 2015 and 2025.
Table 5-1 presents the results of
this analysis. The first three
lines of Table 5-1 present the
peak demands, reserve requirements (at a 15 percent reserve
margin) and energy forecasts for
2006, 2015, and 2025.
To meet both the reserve requirements and energy needs in the
future, the distribution among
baseload, intermediate, and peaking resources can be estimated
assuming capacity factors for
each type of resource. We assumed an 80 percent capacity factor on new baseload generation
(we used a 77 percent capacity
factor for existing baseload generation due to age), a 30 percent

capacity factor for intermediate
resources and a 3 percent capacity factor for peaking resources.
Fitting the simultaneous equations generates a range of feasible
results because there are three
unknowns and two equations.
The results presented in Table 51 represent the middle of the
range of results. For example, in
2025, the potential baseload additions ranged from 2,600 MW to
3,350 MW. At 2,600 MW of new
baseload, no new peaking generation would be added and the deficit would be made up by
2,300 MW of intermediate resources. At the other end of the
extreme, at 3,350 MW of new
baseload, no new intermediate

Figure 5-5: 2006 Resource Mix Versus Load Duration Curve
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resources would be needed and
almost 1,500 MW of new peaking
resources would be needed. By
choosing a result in the middle, a
reasonable mix of each type is
added in the respective years.
Figures 5-6 and 5-7 present the
results in Table 5-1 graphically

for 2015 and 2025. As in Figure
5-5, baseload resources serve
about 75 percent of the energy
need,
intermediate
resources
serve most of the remainder, with
peaking resources mostly available to meet reserve requirements.

Table 5-1 - Potential Resource Mix, 2015 and 2025
Year
Peak (MW)
Requirement (MW)
Energy Forecast (GWh)
Existing Baseload (MW)
Existing Intermediate (MW)
Existing Peaking (MW)
New Baseload (MW)
New Intermediate (MW)
New Peaking (MW)
Total Capacity (MW)
Existing Baseload (%)
Existing Intermediate (%)
Existing Peaking (%)
New Baseload (%)
New Intermediate (%)
New Peaking (%)
Existing Baseload (GWh)
Existing Intermediate (GWh)
Existing Peaking (GWh)
New Baseload (GWh)
New Intermediate (GWh)
New Peaking (GWh)
Energy from Generation (GWh)

2006
10,080
11,591
52,656
Capacity (MW)
6,569
3,018
2,145

11,732
Capacity Factor (%)
77%
30%
3%
80%
30%
3%
Energy (GWh)
44,160
7,932
564

52,656
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2015
12,400
14,260
64,662

2025
15,114
17,381
78,351

6,569
3,018
2,145
1,471
600
456
14,260

6,569
3,018
2,145
3,053
1,530
1,066
17,381

77%
30%
3%
80%
30%
3%

77%
30%
3%
80%
30%
3%

44,160
7,932
564
10,310
1,577
120

44,160
7,932
564
21,395
4,020
280

64,662

78,351
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Figure 5-6: 2015 Resource Mix versus Load Duration Curve
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Figure 5-7: 2025 Resource Mix versus Load Duration Curve
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Summary
This study indicates that Colorado will require at least as much
as 2,000 MW of new generation
capacity and/or energy efficiency
measures over the next 20 years,
and potentially as much as 7,000
MW. The actual need will be
driven by many factors, among
the more important being the
state’s economic health, population growth, unit retirements, reserve needs and fuel prices.
Adding resources of approximately 3,000 MW baseload,
1,500 MW intermediate and
1,350 MW peaking is a reasonable
expectation of future generation
growth. However, the optimum
mix of generating units and energy efficiency measures to meet
future capacity requirements will
depend upon the relative prices
for fuel sources, including coal
and natural gas, environmental
requirements and regulations affecting generation operating and

construction costs, as well as the
costs of renewable technologies.
Based on our breakdown of the
resource mix for the base case,
four new 750-MW baseload units
will be needed by 2025.
Also influencing the future mix of
generation will be the availability
of transmission corridors and the
cost of constructing new transmission systems to connect new
generating units. Since baseload
units tend to be sited outside of
metropolitan areas, this could
translate into an estimated
500 miles of new transmission
lines (assuming that plants will
be sited within a 120-mile radius
of the Denver- metro area). In
addition, upgrades to the existing
transmission system will have to
be made to integrate the growth
in load and generation. At a cost
of $500,000 per mile of new transmission line, this translates to
$250 million for construction of
new transmission lines.
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Economic Impacts of
Higher Electricity Costs
By Gary Schmitz

T

he Colorado Energy
Forum Power Market
Study performed by
R.W. Beck shows that,
under the most likely scenario,
Colorado will need 4,900
megawatts (MW) of additional
generating capacity by the year
2025. This future need for
generating capacity increases to
7,000 MW under the high-growth
scenario, and capacity need will
be 2,000 MW under the lowgrowth scenario. The reader of
this report may wonder: Why
should Colorado citizens be
concerned about this future
resource need that seems to be a
long way off? There are several
answers:
Reliability. If this resource
need is not met in a timely
manner, Colorado electricity
service likely will be less
reliable. Failure to meet
future electric resource needs
could increase the likelihood
of widespread outages caused
by lack of adequate generation
resources. The research
performed by the Colorado
School of Mines provides
estimates of the customer
costs of power outages.

Price. Lack of adequate
attention to plan for and build
necessary electric resources
and facilities may cause
Colorado electric rates to be
higher than they otherwise
need to be. Colorado’s
resource need may indeed be
met to “keep
the lights on,”
thus avoiding
the inadequate
resource
scenario
discussed
previously.
However, if
time or siting
constraints do
not allow the
acquisition of
least-cost
resources,
Colorado
electricity
prices could be higher
compared to prices that could
be achieved if better planning
and resource deployment
processes were used. This
report examines the effect of
higher electricity prices on
Colorado’s economy.
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The recent upward volatility of
energy costs has increased the
focus on the effect of energy prices
on the U.S. economy. On January
17, 2006, the Business
Roundtable, an association of
chief executive officers (CEO) of
leading U.S. companies,
announced the creation of a new
Energy Task Force focused on the
impact of energy costs on
economic growth. “Higher energy
costs are impeding the ability of
the economy to reach its full
potential,” said Hank McKinnell,
chairman of the Business
Roundtable and chairman and
CEO of Pfizer Inc. “Rising energy
costs are a growing concern for
our companies, as a new survey of
Business Roundtable CEOs shows
that 27 percent listed energy
costs as the greatest cost pressure
on their companies, ranking
energy second behind health care
costs,” McKinnell said.
The most recent data shows that
Colorado electricity prices
have increased rapidly in the
past three years and have risen
faster than national

electricity prices. This increase
could make the Colorado
economy less competitive and
reduce the growth of future
Colorado employment and
income.

Why Do Regions Grow?

This report discusses the effects
of higher electricity prices on
Colorado economic activity.
Before getting into specifics, it
may be helpful to briefly review
the economic theories of regional
growth.
Douglass North won the Nobel
Prize for economics in 1993, in
part for his development of the
theory of regional economic
growth. North published the
often cited work about regional
economic growth in the Journal of
Political Economy, entitled
“Location Theory and Regional
Economic Growth,” which
outlined the key role played by
exportable commodities in a
region’s economic growth. North
proposed the concept of an export
base, which is a product that can
be exported outside of the region.
North states:
The importance of the
export base is a result
of its primary role in
determining the level of
absolute and per capita
income in a region, and
therefore in
determining the
amount of residentiary
secondary and tertiary
activity that will
develop.
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Although there are other
competing theories of regional
growth, the export base model
postulated by North in 1955 has
proven to have lasting power in
the analysis of regional
economies. To summarize its key
points, the simple economic
export base model states that
basic industries produce goods
and services in a particular region
but they are intended for export
to other regions. Manufacturing
was historically considered a
basic industry, but services may
also be provided to customers
outside of a particular region.
Examples of basic industries are
airplanes in Seattle, financial
services in New York,
automobiles in Detroit, and beer
in Golden.
In contrast, nonbasic industries
produce goods and services within
a region that are intended for
consumption within that region.
Examples of nonbasic activities
are grocery stores, doctors’ offices,
restaurants and government
services such as police and fire
protection.
The implications of this theory
are that an increase in basic
(export) activity will lead to an
increase in nonbasic activity
through a multiplier effect. The
higher the portion of nonbasic
activity provided within the
region, the greater the multiplier
effect of increases in basic
activities.
With this framework, it is
possible to discuss the role of

electricity prices in regional
growth. A decision by an exportoriented business (manufacturing, for example) to locate or
expand in Colorado is driven by
the competitive environment that
the business faces. Since most
manufacturers serve national and
global markets, they are not tied
to one location. The decision of
where to start or expand a
business is influenced by a
variety of factors such as tax
rates, proximity to suppliers and
the costs of labor, energy and
materials. Manufacturing
activity is directly affected by
differences in industrial
electricity costs across states and
by fluctuations in those costs.
When Colorado’s industrial
electricity rates increase, the
state becomes a higher-cost place
in which to live and produce
goods. Over time, if all other
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things are equal, firms will
reduce production at facilities
located in areas with higher costs.
Since industries in Colorado are
linked through buyer-supplier
relationships, production growth
in one sector also affects growth
in its supplier industries. Finally,
when manufacturing jobs and
associated personal income are
lost, spending in the local
economy for goods and services
(trade, services, finance,
insurance, and real estate) suffer
as well. Through these
mechanisms, the effect of higher
electricity prices multiplies
throughout the entire state and
regional economies.
The next section will discuss
previous research concerning the
role of electricity rates in
Colorado’s economic growth.

Studies Concerning
Electricity Prices and
Regional Growth

This section briefly examines the
available literature concerning
the impact of electricity prices on
regional economic growth.
Electricity Advisory Panel
The most recent, comprehensive
and publicly available economic
analysis of the impact of higher
electricity prices on the Colorado
economy was performed in 1999
as a part of the Colorado
Electricity Advisory Panel (EAP).
The Colorado Legislature created
the EAP in 1998 to analyze the
impact of electric competition on
Colorado.
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The EAP determined that a key
question concerning whether or
not to introduce competition into
the Colorado electric industry was
the effect that such industry
restructuring would have on
Colorado retail electric prices.
The EAP engaged a team of
consultants to investigate this
question. Stone & Webster
analyzed the likely impacts of
restructuring on retail rates paid
by Colorado consumers. Standard
& Poor’s DRI (DRI) used regional
economic models to estimate the
effect of the retail rate increases
on Colorado’s economy,
employment, income and
population. The complete report
of these consultants can be found
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in Stone & Webster Management
Consultants, Inc. and Standard &
Poors DRI (1999). Section V of
that report provides a more
detailed discussion of the DRI
model.
The modeling by Stone & Webster
for the EAP determined that
electricity prices were expected to
increase under two competition
scenarios when compared to a
business-as-usual case. This
discussion will report the results
of the scenario with the greater
increase in electricity prices,
termed in the EAP report the
Poolco Without Recovery Case.
This case assumed full
competition in electricity markets
without allowing for the recovery
of stranded costs or benefits. For
the remainder of this report, this
scenario will be referred to as the
DRI high electricity price case
scenario.
The higher electricity prices
estimated by Stone & Webster
were fed into DRI’s economic
model. The Colorado State and
Regional Economic Model was
used to estimate the direct and
indirect effects of electricity price
changes on Colorado’s economy.
The differences between
employment, population and
personal income in the high
electric price scenario and the
base case allow the calculation of
the economic impacts of higher
electricity prices. The following
summary of the economic impacts
of the DRI high price case is
taken directly from Stone &
Webster Management

Consultants and Standard &
Poors DRI’s final report to the
EAP:
♦ Industrial electricity prices
are 11 to 52 percent higher
than in the base case by 2010
in the Colorado regions. The
average electricity price for
the state is up 22 percent. By
2017, regional industrial
electricity prices are 16 to 64
percent above base case levels,
and average Colorado prices
are 32 percent higher.
Colorado would have 19,000
fewer jobs by 2010 and 29,000
fewer jobs by 2017 in the high
electricity price case than in
the base case. This difference
in jobs represents 0.7 percent
and 1.0 percent of Colorado
employment in 2010 and
2017, respectively.
♦ The impact on electricityintensive manufacturing
industries would be
significantly larger.
Employment in the primary
metals and chemical
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industries would be expected
to average more than 6
percent below base case levels
by 2017, and employment in
the paper; leather; stone, clay
and glass; and miscellaneous
manufacturing industries
would be more than 4 percent
lower.
♦ The nonmanufacturing sector,
which dominates payroll jobs
in the state, parallels the
aggregate job decline. The
percentage decline in jobs
from base case levels is
similar across most of the nonmanufacturing industries.
Only the amusement and
construction industries would
experience proportionately
higher employment losses,
with jobs down 1.2 percent
from base case levels by 2017.
Federal government
employment in the state is
assumed to remain unchanged

with competition.
♦ The reduction in jobs would
attract fewer residents to
Colorado, since people follow
employment opportunities.
Colorado’s population would
be lower by 16,000 residents
in 2010 and 26,000 residents
by 2017.
♦ The job reduction translates
into a $1.6 billion reduction in
personal income for the state
by 2010 and a $3.5 billion
reduction by 2017. Over the
2000 to 2017 period, income
losses total $25 billion.
Business Climate Studies
A variety of organizations in the
United States regularly attempt
to measure the economic
attractiveness of various states
and regions. These studies are
sometimes referred to as business
climate rankings or measures of
state competitiveness.
Regardless of the title, they
attempt to answer the question:
“How does one geographic area
create more economic activity and
income for its citizens than
another area?” These groups
attempt to identify the factors
and qualities that cause an area
to grow and generate greater
future income and employment
for its citizens.
Typical factors in business
climate studies include: levels of
state taxes and spending,
measures of crime rates,
assessments of the state’s
infrastructure, the quality of the
labor force, wage rates, the
development and application of
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technology; the availability of
business financing; the openness
of local economy and
environmental policy and the
state’s cost of doing business.
Particular business climate
rankings choose which of these
factors (or additional ones) should
be included in their analysis and
how the chosen factors should be
weighted and combined into a
simple index.
It is not the purpose of this report
to comment on all the theoretical
and computational issues
associated with business climate
studies, but rather to examine
what these studies say about the
role of electricity prices in an
area’s business climate ranking.
Studies that include a business
cost component compute their
indices so that higher electricity
prices have a negative effect on
the competitiveness ranking.
This is logical since virtually
every business must consume
some electricity; for some
industries, electricity is a
significant cost of doing business.
Higher electricity costs relative to
other regions make it more
difficult for businesses to compete
in regional, national and
international markets.
This section will not report
Colorado’s overall ranking on the
various business climate indices.
Rather, it will briefly focus on
electricity prices and how they
are incorporated in those studies
that provide sufficient
documentation of their ranking
system.

The Beacon Hill Institute at
Suffolk University in Boston
(BMI 2005) assigns 42 variables
to eight categories — government
and fiscal policy, security,
infrastructure, human resources,
technology, business incubation,
openness and environmental
policy — and combines these
eight measures into a single
competitiveness index. BMI’s
infrastructure subindex includes
electricity prices as one factor of
competitiveness. In its summary
of Colorado’s overall ranking,
BMI does not include electricity
costs either as a competitive
advantage or disadvantage.
Therefore BMI sees electricity
costs as a neutral factor in its
ranking of Colorado’s business
climate.
The Small Business &
Entrepreneurship Council has
produced a business climate index
report for 10 years. It latest
report, Small Business Survival
Index for 2005, includes a factor
described as the State Average
Revenue per Kilowatt-hour for
Electricity Utilities Relative to
the U.S. Average. Colorado ranks
34th in lowest electricity cost.
Note that in this study the
smaller the ranking number, the
lower the cost of electricity.
Kentucky ranks first with lowest
electricity cost and Hawaii ranks
51st with the highest cost.
The Manufacturing Alliance of
Connecticut (MAC) regularly
publishes an index to assess the
state’s business climate relative
to other states. The MAC index
includes a subindex that is
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intended to measure business
costs. Energy costs are included
in the business cost subcategory
that attempts to measure
business expenditures for energy.
The 2005 index ranks Colorado as
22nd in the energy cost category.
For this index, 1 is assigned to
the lowest energy costs and 50 is
the highest.
The Milken Institute, created in
1991, is an economic think tank
that provides economic analysis of
issues of interest
to businesses,
the financial
communities and
policy makers.
The Milken
Institute
produces a
business climate
measure that is
focused narrowly
on the cost of
doing business,
rather than on
the broader
business climate
studies previously discussed. The
measure consists of wages, taxes,
electricity costs and real estate
costs for industrial and office
space. The Milken report shows
electricity costs below average for
Colorado. However, it should be
noted that the 2005 Milken study
actually uses 2003 electricity
costs for Colorado. As discussed
in the next section of this report,
Colorado’s electricity prices have
been increasing faster than the
national average in the past three
years.
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The Public Policy Institute of
New York produces a report of
various business costs. In
contrast to the other studies, it
reports the electricity costs per
kilowatt-hour for a consuming
sector. Its 2005 report ranks
Colorado as 17th in industrial
electricity costs, 29th in
commercial electricity costs, and
20th in residential electricity
costs. For this study, 1 is
assigned to the lowest energy
costs and 50 to the highest.

In summary, the various
business climate and regional
competitiveness studies
consider higher electricity
prices to have a negative effect
on regional growth. In the
studies that rely on recent
data, Colorado’s electricity
costs are in the middle range
or even above average in
comparison to other states.
This section closes with this
question: Do these measures
matter? Miliken claims that
those states with a low cost of
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doing business have, on average,
greater job growth than those
with high costs. The BMI study
includes an evaluation of the
performance of its index. Using
multiple regression analysis, BMI
concludes that its index is
statistically significant in
explaining regional growth and
that a 1-point gain in its index is
associated with a $640 increase in
a region’s real per capita personal
income.

Academic Studies
After the oil embargoes of the
1970s, energy was a high-profile
topic and many economists
examined the impact of energy
prices on regional growth and
manufacturing location. During
the 1980s there were many
studies of the impact of energy
prices on regional growth in the
United States. Crone (1997)
summarizes the research
concerning the location of factory
jobs. This article states:
“Many manufacturing officials
report that they take special note
of energy prices, especially
electricity, in their location
decisions. These costs can vary
widely from state to state and
even between markets in a state.
And statistical studies of location
have found that, at least for some
manufacturing industries, high
electricity prices or energy costs
hamper new plant openings.”
No description of the results of
the various academic studies are
included here, since most were
published in the 1980s and the

analysis is dated. One might ask
what changed. Why did the effect
of energy prices on regional
growth become less interesting to
academic researchers?
There are several answers. First,
energy costs generally declined in
real terms during the late 1980s
and 1990s, so their importance in
regional growth may have
lessened in comparison to other
costs. In addition, electric
deregulation promised to equalize
energy prices, thus lessening the
influence of energy costs in
regional growth decisions. This
was summed up by Wasylenko
(1997). He states:
“Moreover, with deregulation of
the energy prices and production,
natural gas prices, at least, are
likely to be more uniform across
the country now than they were
10 years ago. Electricity prices
have not been deregulated as
quickly as natural gas prices,
partly because electrical energy is
not as easily transmitted across
regions as natural gas. However,
with deregulation, energy costs
are likely to lose whatever limited
influence they may have had on
firm location decisions, as energy
costs become more uniform across
states and regions.”
The factors led to a decline in
academic interest in the
relationship between energy and
regional growth are changing.
Energy prices are increasing and
the movement to retail electric
competition has slowed. As a
result, future academic
researchers will likely return to
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Colorado Electricity
Expenditures
(Colorado’s Electric Bill)

the question of the role of
electricity prices on regional
growth in the future.
To summarize this section, the
detailed work of the EAP
suggests that higher
electricity prices in Colorado
will be associated with job
losses. The various business
climate and state
competitiveness studies
indicate that higher electricity
prices are associated with
slower growth in regional
income and employment.

One way to consider the role of
electricity in the Colorado
economy is to look at aggregate
spending on electricity –
Colorado’s total electric bill.
Chart 1 shows expenditures for
electricity since 1970. The chart
shows that Colorado total
spending for electricity increased
from less than $250 million in
1970 to more than $3.6 billion in
2005. This historical period can
be divided into four distinct subperiods. Electricity spending was
relatively stable through the late
1970s, surpassing $500 million in
1977. During the next seven
years, Colorado’s spending for

Colorado Historical Data
This section examines Colorado
electricity expenditures, prices
and consumption.

Chart 1. Colorado Total Electricity Expenditures
(Current Dollars)
Source: U.S. Energy Information Administration
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Chart 2. Change in Colorado Total Electricity
Expenditures (Current Dollars)
Source: U.S. Energy Information Administration
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electricity increased by $1 billion,
tripling to $1.5 billion in 1984.
This period was characterized by
rapid price increases caused by
rising fuel prices and strains on
financing new investments due to
high interest rates. In contrast,
the late 1980s and the 1990s can
be characterized as a period of
relative stability, with spending
reaching $2.5 billion in the year
2000.
The period since 2000 has been
characterized by a return of
increasing expenditures, in which
Colorado’s total electric bill has
increased by $1.1 billion in five
years. This is in contrast to the
16 years that it took to add $1
billion to the state’s electric bill
from 1986 to 2000. Since
electricity expenditures are

calculated by the quantity of
electricity consumed multiplied
by its price, we can calculate the
effects of these two sources. Of
the more than $1.1 billion
increase in electricity
expenditures from 2000 to 2005,
70.4 percent can be attributed to
increases in the price of electricity
(prices will be discussed in the
next section of this report) and
29.6 percent to increases in
consumption of electricity.
Chart 2 shows the change in
Colorado’s electric bill since 1971.
This chart shows that the largest
increases in electric expenditures
occurred in 2003 and 2005, far
exceeding the average annual
increase of $98.6 million over this
period.
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Chart 3. Colorado Total Electric Expenditures as a
Percent of Personal Income
Sources: U.S. Energy Information Administration; U.S. Bureau of Economic Analysis
4.0%
3.5%

Percent

3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
S1
2004

2002

2000

1998

1996

1994

1992

1990

1988

1986

1984

1982

1980

1978

1976

1974

1972

1970

0.0%

Years

Chart 4. Colorado Total Electricity Expenditures
(Base=1982-84)
Sources: U.S. Energy Information Administration; U.S Bureau of Labor Statistics
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In order to put this electric bill in
context, Chart 3 shows Colorado’s
total expenditures as a percentage of
Colorado personal income. This
chart generally confirms the four
distinct periods discussed earlier.
The percentage dropped in the early
1970s, reaching 2.3 percent of
personal income in 1974. Relative
expenditures increased to 3.6
percent in 1982 during the oil
embargo period. This was followed
by nearly 20 years of decrease in
Colorado’s relative spending, falling
to just 1.7 percent in 2001.
Colorado’s electric bill has
increased faster than personal
income since 2001, reaching 2.1
percent in 2005.

Source: U.S. Energy Information Administration
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Finally, it is useful to examine the
electric bill for residential and
business customers. Chart 5 shows
the level of expenditures for the two
groups, expressed in current dollars
since 1970. Chart 6 is based on the
same information but shows the
change in expenditures over the
same period by customer class.

Chart 6. Change in Colorado Electricty Expenditures by
Customer Class (Current Dollars)

Million $

Another method of looking at
Colorado’s electric expenditures is to
adjust them for inflation. This
analysis uses the Denver-BoulderGreeley Consumer Price Index (all
consumers) to put these
expenditures in real terms. Chart 4
shows that, after adjusting for
inflation, electric expenditures more
than doubled from 1970 to
1982. For the 20-year period from
1982 to 2002, total real electricity
spending remained remarkably
stable. Following this long period of
stability, real electric spending
increased 29 percent from 2002 to
2005.
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Chart 6 shows that business
expenditures have increased
rapidly since 2002, with the three
largest increases in business
spending during the entire period
occurring in the past three years.
This may be a growing concern
for the continued attractiveness of Colorado as a location
for businesses that are
sensitive to electricity prices.

Colorado Electricity Prices
As was discussed in earlier, the
attractiveness of an area from a
business climate and state
competitiveness perspective is
dependent on relative costs.
Therefore, this portion of this
report will examine Colorado
electricity prices relative to the
national average.

Chart 7 shows the average price
of electricity in Colorado
compared to the national average.
Colorado’s average price
essentially was constant at 6
cents per kilowatt-hour from 1990
through 2002. However, prices
increased to 6.77 cents in 2003,
6.95 cents in 2004 and 7.65 cents
in 2005. The price advantage
between Colorado and the
national average narrowed from
1.2 cents per kilowatt-hour in
2002 to 0.4 cents in 2005.
Charts 8 and 9 indicate Colorado
residential and commercial prices
relative to the U.S. average. The
same general patterns are
exhibited in these charts. The
price advantage between
Colorado and the U.S average for
residential customers narrowed

Chart 7. Average Total Electric Price (Current Dollars)
Source: U.S Energy Information Administration
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Chart 8. Average Residential Electric Price (Current
Dollars)
Source: U.S Energy Information Administration
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Chart 9. Average Commercial Electric Price (Current
Dollars)
Source: U.S Energy Information Administration
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Chart 10. Average Industrial Electric Price (Current
Dollars)
Source: U.S Energy Information Administration
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from 1.09 cents per kilowatt-hour
in 2002 to 0.36 cents in 2005.
Colorado commercial customers
enjoy the greatest price
advantage relative to the U.S
average of the three sectors, but
the advantage also narrowed from
2.23 cents per kilowatt-hour in
2002 to 1.08 cents in 2005.

According to the economic base
model discussed earlier,
manufactured products are likely
to be exported and are thus a key
driver of economic growth. This
makes industrial electricity prices
important from an economic
competitiveness perspective.

Chart 11. Colorado Inflation Adjusted
Electricity Prices (Base=1982-84)
Sources: U.S Energy Information Administration; Bureau of Labor Statistics
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electricity prices after adjusting
for inflation. For each customer
class, Colorado electricity prices
declined in real terms from 1990
to 2002 and then increased in real
terms after 2002.

Colorado Electricity
Consumption
Chart 10 compares Colorado
industrial electricity prices
relative to the national average.
The price advantage for Colorado
industrial customers was 0.39
cents per kilowatt-hour in 2002,
but by 2005 Colorado industrial
prices were 0.17 cents above the
national average. Based upon the
business climate studies, this may
reduce the attractiveness of
Colorado for businesses that are
sensitive to electricity prices.
Chart 11 shows average Colorado

Chart 12 shows Colorado total
electricity sales in megawatthours (MWh). In order to
illustrate the changes in sales,
Chart 13 shows the annual
percentage change in sales. It
was stated earlier that the rapid
increase in expenditures mainly
was attributed to price increases,
rather than increases in
consumption. This can be seen
from Chart 13. Total
consumption increases were 1.2
percent in 2003, 0.5 percent in
2004, and 2.8 percent in 2005.
The average increase in total

Chart 12. Colorado Total Electricity Sales (Megawatthours)
Source: U.S Energy Information Administration
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Chart 13. Change in Total Colorado Electricity
Megawatt-hour Consumption
Source: U.S Energy Information Administration
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Chart 14. Change in Colorado Residential
Electricity Sales
Source: U.S Energy Information Administration
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Chart 15. Change in Colorado Business Electricity
Megawatt-hour Sales
Source: U.S Energy Information Administration
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Chart 15 shows the same
information for business
customers. The average increase
in business consumption during
the years 1991 to 2005 was 2.8
percent, while the last three years
saw growth of business energy
sales of 0.8 percent, 1.4 percent
and 1.1 percent, respectively.

Customers and Usage

Source: U.S Energy Information Administration
3.5%

3.0%

Percentage Change

Colorado’s total electricity
consumption consists of
residential and business
(commercial and industrial)
usage. Chart 14 shows the annual
percentage change in Colorado
residential consumption.
Residential electricity
consumption increases were 1.9
percent in 2003, 1.2 percent in
2004 and 6.1 percent in 2005.
The average increase in total
consumption during the period
1991 to 2005 was 3.6 percent.

Chart 16. Change in Colorado Residential
Customers
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Chart 17. Electric Usage per Residential Customer
Source: U.S Energy Information Administration
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Chart 18. Colorado Annual Residential Electric Bill
Source: U.S Energy Information Administration
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Chart 16 shows the annual
percentage change in the number
of Colorado residential customers.
The annual percentage increase
in the number of customers has
varied in a range between 1.5
percent and 3.5 percent, with an
average of 2.5 percent over this
historical period. It can be seen
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consumption during the period
1991 to 2005 was 3 percent. This
means that the large increases in
total expenditures after 2003
occurred even as consumption
increases were below the average
change in electricity consumption
over the period from 1991 to 2005.
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Chart 19. Colorado Employment
Source: Colorado Department of Labor and Employment
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that the number of residential
customers has increased at nearly
the Colorado average of 2.5
percent during the past three
years.

Chart 17 shows the annual
average electricity usage per
Colorado residential customer.
The average usage increased from
slightly over 7,000 kilowatt-hours
(KWh) per year in 1990 to a high
of 8,200 KWh in 2003. Average
usage fell in 2003 and 2004.
Chart 18 shows the annual
electric bill for Colorado
residential customers in current
dollars. The average annual bill
increased from slightly under
$500 is 1990 to a high of $668 in
2003. The average residential bill
decreased slightly in 2004.

Colorado Employment
Chart 19 shows the level of
Colorado employment since 1990.
Colorado employment increased
from 1.5 million jobs in 1990 to
2.2 million in 2001. Employment
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Chart 20. Colorado Employment Change
Source: Colorado Department of Labor and Employment
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dropped slightly after 2001.
Chart 20 indicates changes in
Colorado employment, which
decreased in 2002 and 2003 and
experienced relatively weak
growth in 2004. Chart 21 shows
the level of Colorado manufacturing employment since 1990.
Employment in manufacturing
increased slightly from 192,400 in
1990 to 205,100 in 2000. There
was a relatively rapid decline in
manufacturing employment,
which dropped to 154,500 in 2004.
Chart 22 shows the percentage
change in Colorado manufacturing employ-ment. The chart
highlights the declines in
manufacturing employment since
2000.
According to the University of
Colorado (2005) rising energy
costs are one of the key concerns
for Colorado manufacturers.

Economic Impacts to
Colorado of Higher
Electricity Prices

Estimated Economic Impacts
This section relies primarily on
the analysis of the DRI report to
the Electricity Advisory Panel,
which was performed in 1999.
The purpose of this section is to
revive the discussion of the future
impact of electric price increases
on the Colorado economy.
Adjustments are made to the
results of the DRI analysis to
recognize changes in the
relationship between electricity
prices and economic growth that
have occurred since the DRI
study was performed.
The DRI regional model is
described in the EAP final report
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Source: Colorado Department of Labor and Employment
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as an extension of the export base
(or economic base) theory
discussed earlier in this report.
In the simple export base model,
a region’s economy grows by the
sale of its goods and services to
markets outside the region. By
exporting outside the region,
industries generate new jobs and
income which, in turn, promote
the expansion of businesses that
serve the local market, such as
retail trade, utilities, services and
construction.
The DRI model is more
sophisticated than the simple
economic base model. For
example, it recognizes that
business investment changes with
final demand, thus altering the
region’s capital stock (plants and
equipment). New job
opportunities attract workers to
Colorado, increasing the labor
force and the demand for housing.
The ability of a region to sustain
higher growth is constrained by
competitive forces captured in the
DRI regional models. The entry
of new workers into the labor
force lags behind gains in
available jobs, causing labor
markets to tighten and putting
upward pressure on wage rates.
Higher operating costs for
businesses and higher living costs
for residents make the region less
attractive, dampening economic
growth.

moderates as resource constraints
and cost pressures impede further
growth. In addition, the response
to an economic stimulus varies
across industries, depending on
their technologies, cost
structures, and inter-industry
purchasing relationships. Part of
the income created by export
sales will be spent on goods and
services outside the state,
diminishing the export
multiplier.
The analysis of the impact of
higher electricity prices on the
Colorado economy was calculated
by DRI by examining the
differences between two
scenarios: a business-as-usual
(continued electric industry cost
of service regulation) and a high
electricity price scenario. DRI
first developed a business-asusual (or base case) forecast for
employment, population and
income. This base case forecast

The structure of the DRI model
results in a dynamic analysis of
alternative scenarios. The
economic response to an initial
change is not constant, but rises
initially with higher consumption
and investment and then
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of the base case 2010, and 2017.
The first two columns of Table 1
show DRI’s forecast of base case
employment levels by
manufacturing and nonmanufacturing sectors for the two
selected years. The DRI model
forecasts that manufacturing
employment would total 219,340
in 2017 and nonmanufacturing
employment would total
2,534,746. The base case electric
price path is shown on Chart 23.
This chart shows that average
overall electricity prices in the
base case were expected to increase
slowly from 6 cents per kilowatthour in 2000, reaching 7 cents in
2014 and finishing the forecast
period at about 7.5 cents in 2017.

was considered to be the most
likely scenario and assumed the
continuation of the cost of service
regulation for electricity costs.
Then the economic model was
rerun with a set of higher
electricity prices, averaging 20
percent higher than the base case
for the year 2010. The final year
for which the EAP provided base
case and alternative forecasts was
2017.
While the results of the DRI
model are quite detailed, this
report will focus primarily on the
effect of electric prices on
employment. To provide the
reader with an idea of the detail
available from the DRI model,
Table 1 is included for two years
Page 88

DRI created another model run
based upon a high electricity price
scenario that reflects the
assumptions associated with the
movement to competition. Chart
24 shows the alternative price
path assumed in that case. This
chart shows that 2005 average
electricity prices would be less
than 7 cents per kilowatt-hour
under the high-electricity price
scenario. As discussed earlier,
actual 2005 Colorado electricity
rates were 7.65 cents, or nearly
the rate EAP forecast for 2010
under the high-electricity-cost
scenario. To summarize, current
electricity prices are considerably higher than were
modeled by DRI in the high
electricity cost scenario in
1999.
Columns 3 through 6 of Table 1
show the employment impacts
associated with DRI’s highelectricity-cost case. Column 3

Colorado Energy Forum

Chart 23. Baseline Scenario Continued Cost-of-Service
Case Statewide Retail Rates by Customer Class
(cents/kWh)
Source: Stone & Webster report to the Colorado Electricity Advisory Panel (1999)
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Chart 24. Baseline Scenario Full Competition
with Poolco Case
0 Percent Stranded Cost Recovery/Stranded Benefit Refund
Statewide Retail Rates by Customer Class (cents/kWh)
Source: Stone & Webster report to the Colorado Electricity Advisory Panel (1999)
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shows the estimated change in
employment for 2010, and column
4 shows the losses as a
percentage of expected base case
employment. Columns 5 and 6
show the same information for
2017. In DRI’s high-electricity
price scenario, employment is
nearly 19,000 less than the base
in 2010 and 29,000 less in 2017.
The middle line of Chart 25 shows
the increase in total unemployment from 2006 through 2017
associated with DRI’s highelectric-price scenario.
The fact that the DRI analysis is
seven years old provides an
opportunity to compare its
assumption and forecasts with
actual historical results. For
example, electricity prices in 2005
are far higher than the level
assumed by DRI in even the high-
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electricity cost case. In addition,
Colorado employment is much
weaker than DRI forecasted.
These two historical results can
be used to develop a range of
employment impacts, in addition
to that reported by DRI.
In order to provide the reader
with a range of possible
employment impacts, this report
makes adjustments to the DRI
model results to take into account
the historical path of electricity
prices and employment. One
cautionary note: The DRI model
is highly nonlinear, so it is
incorrect to infer, for example,
that a doubling of the increase in
electric prices would double the
level of job losses. A more reliable
methodological approach is to
retain the dynamic adjustments
to energy prices contained in the
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model and simply adjust the level
of employment to reflect historical
information.
The first alternative scenario is to
recognize that actual 2005
electricity prices are near the
level assumed by DRI to occur in
2010 in the high-electricity-price
case. In order to adjust the model
results to take this into account,
it was assumed the job losses
forecasted to occur between 1999
and 2010 for DRI’s high-cost case
actually would occur by the year
2005. The rationale is that since
electricity prices went up faster
than expected, job losses will
occur faster than expected in the
DRI analysis. In order to
calculate the job losses for this
scenario, the aggregate job losses
that the model estimates for the
period 2005 to 2010 are added to
the 2005 job losses calculated by
the model. After making this onetime adjustment in 2005, future
job losses occur with the same
dynamics projected in the DRI
high-cost case. The result of this
scenario is shown by the upper
line on Chart 25. Job losses due
to higher electricity prices in this
scenario are calculated at 29,400
in 2010 and 39,600 in 2017.
This should be considered a highjob-loss scenario, although not
unreasonable. After the
adjustment described above, estimated 2005 Colorado employment
in the high-electricity price
scenario is 18,000 less in 2005
than the base case. It was noted
in the earlier section that
Colorado employment growth has
been weak since 2000. In order to

provide some additional context
for the job loss question, Table 2
shows the difference between the
DRI base case forecast for
employment compared to actual
employment reported by the
Colorado Department of Labor
and Employment. DRI’s base
case forecast for total employment
was higher than the actual
employment by between 130,000
and 166,000 jobs for the years
2003 to 2005. In 2005, actual
Colorado employment was
130,000 jobs below the 2005 DRI
base case employment forecast.
One interpretation of the high-job
-loss scenario is that 18,000 of
these 130,000 missing jobs are
attributed to the effect of higher
electricity prices.
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This report also calculates a lowjob loss scenario. The low-job-loss
scenario makes the assumption
that no job losses through 2005
are caused by higher electricity
prices. Just as in the high-jobloss scenario, after making this
one-time adjustment in 2005,
future job losses occur with the
same dynamics projected in the
DRI high-cost case through 2017.
The result of this scenario is
shown in the lower line of Chart
25. Job losses due to higher
electricity prices in this scenario
are calculated at 10,600 in 2010
and 20,800 in 2017.
This is clearly a low-job-loss case.
It essentially assumes that none
of the weakness in Colorado’s
economic growth since 2000 is

attributable to the increases in
electric prices from 2000 to 2005.
As was discussed in the previous
section, Colorado experienced a
30.1 percent increase in average
overall electricity prices from 5.88
cents per kilowatt in 2000 to 7.65
cents in 2005. This scenario may
be thought of as a lower bound to
the range of reasonable job losses
caused by higher electricity
prices.

Resource-Specific Economic
Impacts:
This report has discussed the
impact of electricity price on
Colorado’s economy using the
concept of the “economic base
model.” In this view, higher
prices make Colorado businesses
that sell in international markets
less attractive. This in turn
reduces the economic activity of
suppliers, and overall spending
drops.
It should be pointed out that this
is not the only impact of the
electricity industry on the
Colorado economy. Meeting the
resource needs identified in the
R.W. Beck report will have
another impact on the economy
through the expenditures
associated with constructing
specific resources. For example,
building a power plant will
require direct expenditures to
purchase material and hire
employees to build the plant.
These are known as direct
expenditures. There may be
ongoing direct expenditures such
as purchases of fuel and labor to
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Chart 26. Colorado Real Elecricity Rates
Source: U.S Energy Information Administration
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operate and maintain the plant.
In addition, there are indirect
effects caused by increased
activities in the sectors that
supply inputs for the direct
expenditures. Finally, the
increased earnings increase
general consumption
expenditures in a region.
The impact of actually
constructing the facilities needed
to meet load could be learned
by doing input-output
analysis. It is not possible
for the CEF to calculate these
impacts associated with
constructing the projects
since no specific projects are
yet proposed to fill the
expected capacity need.

term energy forecasts through the
year 2030. As a part of its
forecasting process, it develops
electricity price forecasts for the
Mountain region. Chart 26 shows
Colorado historical electricity
costs through the year 2005 and
DOE forecasts for the Mountain
region from 2006 through 2030.
It should be noted that these
forecasts are in real (inflationadjusted) prices with the base

Future Electric Prices
The Department of Energy
(DOE) prepares annual long-
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period 1982-1984.
DOE forecasts that the real
increase in prices that began in
2002 will continue through 2006.
It forecasts real prices will drop
slightly through 2016 and then
will increase slightly to the end of
the forecast period. (As part of its
analysis, DOE assumes a
decrease in the price of natural
gas delivered to electric utilities.)

Future Work
With sufficient time and
resources, this section of the
report would have provided a
detailed, comprehensive current
study of the impact of higher
Colorado electricity prices on the
state’s economy. However, the
first phase of the CEF work did
not allow sufficient time and
resources to perform such an
analysis.
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The CEF believes that this type of
analysis would be important for
Colorado to undertake for several
reasons. First, it is not necessary
to gaze into a crystal ball to see
that Colorado’s electricity prices
are rising. The historical data
presented in the previous
discussions show that Colorado
electricity prices have increased
relative to the national average
since 2002. Second, a review of
regional growth theory and
business climate literature
suggests that higher electricity
prices may have a significant
negative effect on Colorado’s
economic growth. It can be seen
from the recent employment data
that Colorado’s job market has
been weak in recent years, and
attention should be given to
manufacturing cost factors,
including electricity. Finally, the
current heightened focus on
energy at the national level
suggests that we may be
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returning to a period similar to
the late 1970s. In an April 1977
speech, President Carter
proposed his new energy policy
with this announcement:
Our decision about
energy will test the
character of the
American people and
the ability of the
President and the
Congress to govern.
This difficult effort
will be the "moral
equivalent of war" -except that we will
be uniting our efforts
to build and not
destroy.

In that same speech, President
Carter said:
The energy crisis has
not yet overwhelmed
us, but it will if we
do not act quickly. It
is a problem we will
not solve in the next
few years, and it is
likely to get
progressively worse
through the rest of
this century.
With the benefit of hindsight, we
can see that President Carter
may have correctly identified the
severity of the problem, but was a
little early in his prediction of the
timing of its impact.
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Economic Impacts of
Adequacy and Reliability
of Electric Power Supply
By Colorado School of Mines, Division of Engineering

T

here is a direct
relationship between the
economic growth and
prosperity of a region
and the population increase and
correspond-ing usage of
electricity. Tangible benefits for
reliable and affordable energy
(electricity in particular, because
of its nature) includes increased
gross domestic product (GDP) and
tax bases, better quality of life for
its citizens and future expansion.
As an example, from 1996
through 2001, Colorado’s
population increased by an
average rate of 2.6 percent per
year, while Colorado’s Gross State
Product (GSP) grew by 6.2
percent per year. In the same
period, the total energy sales by
Xcel Energy (the largest investorowned utility [IOU] in Colorado)
increased by almost 30 percent.
Needless to say, the summer peak
demand also increased by 32.4
percent. However, these rapid
growths have slowed down over
the past several years.
Possible negative impacts of an
inadequate, unreliable and
expensive electric supply includes
loss of jobs and inability to attract
new business. Without a long-

term strategic plan for affordable
and reliable energy, the state
could face huge economic impacts.
R.W. Beck has examined the
expected electric energy demand
growth in Colorado. The base
case load forecast developed in
Section 2 of that report,, which
includes an overall capacity
reserve margin, predicts an
increase in the peak demand from
10,233 MW in 2006 to 12,853 MW
in 2016 and 15,344 MW in 2025.
These figures represent 25
percent and 49 percent increases,
respectively, over the 2006
forecast.
Additional generation required to
meet a portion of the forecast has
been proposed and is detailed in
the generation projects shown in
the R.W. Beck report, totaling
3,701 MW (4,284 MW if proposed
renewable energy projects are
included), with 1,150 MW
currently under construction. In
addition to the required
generation, Section 4 of the report
shows that significant upgrades
in transmission capacity may be
required to serve customers in
Colorado.
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61,800 MW of generation) is
estimated at anywhere between
$6 billion and $10 billion dollars
[1]. Most of this cost is also from
the continuing outage beyond four
hours. The exact cost value is
very difficult to find or calculate
because of the complexity of the
problem and the number of
variables and unknowns.

A new report by the Colorado
Long Range Transmission
Planning Group (CLRTPG) is
expected to be released shortly
that will update this information.

Cost Evaluation and
Methodology
Placing a dollar value on electric
service reliability causing the
disruption of critical social
services and the inconveniences
to business and individuals is
nothing new to the electric power
industry. The value the customers
place on electric service reliability
has been studied by a number of
utilities [2,5,6] and by the Electric
Power Research Institute (EPRI)
[3]. It has also been common for
many utilities to provide such
estimates of electric service
reliability to their state
commissions prior to investing in
transmission and distribution
systems.
As an example, the cost of outage
for the 2003 blackout in the
Northwest (loss of approximately
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Each outage has unique
character-istics as to how it
interrupts commercial and
personal lives. This estimate is
based on industry-wide averages
for customer mix and typical
outage costs for retail customers
in a specific utility service area.
Recently, a number of other
similar studies [8,9,10] have also
looked at the same problem.
Unfortunately, no such in-depth
study has been performed for
Colorado or the Rocky Mountain
Region, or at least it is not
available in the public domain.
It has also been observed from
various studies that the cost of an
interruption is much lower for a
residential customer (which, as
noted in the R.W. Beck report, is
about a third of the total
electricity energy usage in
Colorado) than for a business
consumer. The costs associated
with an outage also increase as
electricity consumption increases.
The exact time of interruption
and the frequency and duration of
outages are very important in the
overall picture.
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Reliability and Reserve
Margin

A reliable and affordable electric
power supply, the corresponding
reserve margin and the cost of
electricity are all interrelated.
Traditionally, in order to
determine the acceptable reserve
margin, the primary method of
system analysis by the utilities
was to perform the single
contingency or (N-1) contingency
analysis using traditional static
power-flow software. There are,
however, other advanced
techniques now available that can
provide additional information.
The evaluation concentrates on
observing contingency loading
and maintaining element loading
within the stated normal rated
values. Some utilities, to be on
the safe side, are now performing
(N-2) contingency analysis. The
reliability and reserve margin is
also addressed by the North
American Electric Reliability
Council (NERC).
As an example, Xcel Energy used
a 13 percent reserve margin until
recently. Now, it uses a 17
percent reserve margin. Other
major utilities in the Rocky
Mountain region, however, follow
the guidelines provided by the
Rocky Mountain Reserve Group.
This however, incorporates the
fact that Xcel (PSCo) is a part of
the Western Interconnect
(WECC) and would likely be able
to get some help to balance loads
and generations when needed [1].

(as accepted by the Colorado
Public Utility Commission) is
based on reserve margin studies
establishing the predicted level
necessary to attain a given loss of
load probability (LOLP). This
LOLP level has historically been
one day (24 hours) in 10 years (or
mathematically, a LOLP of 0.1).
This level was questioned by
PSCo in its 2003 Least Cost
Resource Plan (LCP) [1].
Specifically, the traditional
methodology of using a LOLP of
0.1 was criticized for only
focusing on meeting a single peak
hour in each day, not considering
the variability of the peak load

The target reliability level of the
electrical power grid in Colorado
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due to weather conditions,
neglecting the interconnection
with other utilities and not
calculating the unserved energy
demand under different resource
portfolios developed to meet
different planning reserve levels.
To address these issues, an
alternate approach, using MonteCarlo draws and stochastic
analysis, was taken by the
California-based IOUs (PG&E,
SCE, SDG&E). The reserve
margins were calculated by
performing hourly economic
dispatch of resources against
loads for each hour of the year.
The Monte-Carlo method of
simulation was used to simulate
changes in hourly loads, weather
patterns, forced outages and the
effects of utility interconnection.
The magnitude of expected
unserved energy calculated by this

method from one level of target
planning reserve to the next was
recommended as the best indication of customer service
quality [1].
Based on these filings, the
California Public Utility
Commission determined that an
appropriate level of planning
reserve margin for California
IOUs was in the range of 15-17
percent, with 15 percent being the
preferred level and the
commission noted its
understanding that new resource
additions might provide a better
planning reserve level. It was
also recognized that this incurred
cost for the higher level of margin
must be taken into account in
determining an appropriate
planning reserve level.
Figure 1 from the Henwood
[planning] reserve margin study

Fig. 1. Loss of Load Days in Ten Years Versus Reserve Margin

Source: Henwood Energy Services
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[4] for PSCo shows a direct
relationship between increasing
reserved margins and decreasing
loss of load days.
Note: There is a clear distinction
between operating reserves and
planning reserves. Operating
reserves must be made available
to generate power in 10 minutes or
less in order to react to an
unexpected loss of generation,
while planning reserves provide
power to meet annual maximum
peak demand.

Adequacy, Reliability and
Customer Costs

Although the described
methodology appears to offer
significant improve-ments in
understanding optimum
(planning) reserve capacity, it
still does not directly address the
customer side of the adequacy
equation or reliability of the
power grid.

Customer value for electric
service reliability and adequacy is
related to the costs customers
incur when their electricity is
interrupted. It is generally
accepted that the cost of
interruption is much lower for a
residential customer than for a
business consumer. The outage
cost also increases with electricity consumption, and timing,
frequency and duration of the
occurrences are very important.
For example:
♦ Residential consumers – One
survey shows that for
residential customers, the
average cost of an outage
ranges from about $3.75 for a
short one-hour weekday
outage in the summer to
about $8.00 for a longer,
eight-hour weekday outage
[1].
An alternate approach
indicates that customers are
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also willing to pay between
$1.00 and $3.50 per unserved
kWh depending on the time
of the day and the outage
duration[1].
♦ Business customers – For
business consumers of
electricity, the cost varies by
sector, by the length of the
outage, and by the size of the
business. For smaller
business consumers, this
varies from about $148 for a
short one-hour weekday
outage in the summer to
about $538.00 for a long eight
hour weekday outage. For
manufacturing sector, these
numbers are estimated at
$63,000 for a one-hour
duration and $1.5 million for
an eight-hour duration [1].
In terms of unserved kWh,
average cost estimates for these
smaller business customers are
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about $19 per unserved kWh for a
one-hour summer weekday
outage, $14 per unserved kWh for
a four-hour summer weekday
outage, and $11 per unserved
kWh for an eight-hour summer
weekday outage.
Currently, a cost benefit
assessment is recommended for
determining the optimum system
reliability [2,3,5,6]. “Reliability of
electric service should be based on
balancing the cost to a utility and
the value of the benefit received
by its customers” [5] This method
balances the total cost to the
utility of increased reliability
with the total cost to the
consumer for service
interruptions to find the point of
least total cost as shown Figure 2.
The least-cost plan minimizes the
total costs of electric service. The
total cost of electric service has
two components: utility cost (UC)
represents the costs associated
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with serving the loads that
includes capital investments and
cost of production of electricity.
(The other term includes the cost
incurred by customers (CC) when
the utility cannot meet the
demand and deliver electric
energy. Figure 2 depicts the two
components as a function of
reliability. If the utility reduces
its cost by compromising
reliability, the expected customer
outage costs increase and vice
versa.
The ability to compute the
reliability of the system is well
established. The cost estimates
for system reliability can be
computed using a net present
value method of the capital and
operations and maintenance
costs. Computation of customer
costs associated with reliability is
more difficult and must include
both direct and indirect costs[5].

Power Research Institute (EPRI)
and involves asking random
samples of customers in different
market segments (i.e., residential,
commercial and industrial) to
estimate their economic losses as
a result of power reliability and
quality problems commonly
considered in utility planning
[3,6]. Some sample sets of
problems presented to the
customer by MidAmerican Energy
Company (Iowa and border areas
of Illinois and South Dakota,
2002) when it surveyed its
commercial and industrial
customers include[5]:
♦
♦
♦
♦
♦
♦

a two-second outage
a one-minute outage
a 20-minute outage
a one-hour outage
a four-hour outage
an eight-hour outage

Direct costs are either economic
(e.g. lost production) or social
(e.g., lack of transportation).
Indirect costs can be economic,
social or relational and include
changes in business plans. The
costs vary from customer to
customer due to factors such as
the customer’s dependence on
electricity, the nature and timing
of the electric supply disturbance
and the economic value of the
activity being disturbed [6].
Customer costs are most
accurately assessed by conducting
customer surveys [2,3,5,6]. The
basic methodology currently in
use was developed by the Electric

Page 103

Colorado Energy Forum

Table 1: MidAmerican Energy Company
Outage Cost Summary
Scenario

Commercial

Industrial

Two Seconds
Per Event Outage Cost

n/a

n/a

Per Annual kWh

n/a

n/a

Per Peak kW Demanded Cost

n/a

n/a

One minute

n/a

n/a

$379

$14,155

$0.00206

$0.00200

$9.03

$8.98

$744

$20,551

$0.00705

$0.00343

$30.87

$13.08

$1,002

$33,436

$0.00857

$0.00642

$37.52

$23.41

$2,229

$67,710

Per Annual kWh

$0.0276

$0.01236

Per Peak kW Demanded Cost

$121.15

$40.19

$4,188

$92,210

$0.05146

$0.02131

$225.41

$67.15

Per Event Outage Cost
Per Annual kWh
Per Peak kW Demanded Cost
Twenty minutes
Per Event Outage Cost
Per Annual kWh
Per Peak kW Demanded Cost
One hour
Per Event Outage Cost
Per Annual kWh
Per Peak kW Demanded Cost
Four hours
Per Event Outage Cost

Eight hours
Per Event Outage Cost
Per Annual kWh
Per Peak kW Demanded Cost

Note: Consumer Price Index(CPI) in 2002 = 179.9, CPI as of February 2006 = 198.7
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Table 2:Duke Power Company [6]
Customer Outage Cost Summary
Market Segment

Generation Outage
Mean Outage Cost

Transmission or Distribution Outage
Mean Outage Cost

Cost Per Event

$4.91

$5.39

Cost Per Peak kWh

$1.88

$2.07

$604.19

$1,317.21

$21.02

$45.82

$4,443.00

$9,403.55

$3.60

$7.61

n/a

n/a

$7.79

$16.15

Residential Customers -

Commercial Customers Cost Per Event
Cost Per Peak kWh
Industrial Customers Cost Per Event
Cost Per Peak kWh
System Wide Cost Per Event
Cost Per Peak kWh
Note: CPI in 1996 = 156.9, CPI as of February 2006 = 198.7

Duke Power Company (North and
South Carolina, 1996) surveyed
its customers regarding [6]:
♦ a one-hour generation
outage (i.e., an outage
occurring at the time of
system peak with advanced
notice);
♦ a one-hour summer
afternoon transmission and
distribution (T&D) outage;
♦ a four-hour summer
afternoon T&D outage;
♦ a two-hour winter morning
T&D outage;
♦ a one- to two-second
momentary outage (clear
weather);
♦ several one- to two-second
momentary outages

(occurring during a summer
storm)
♦ a 15 to 20 percent voltage sag
(large customers only)
The results of the outage costs as
presented in these two studies are
also summarized in Tables 1 and 2,
respectively, for ready refer- ence.
Although these two studies differ
somewhat in the data collection
techniques, they both show that the
overall cost of outages is greater for
industrial customers, but the perkWh cost is greater for the
commercial customers. The
MidAmerican study also indicates
that outage costs per unit time
increase with outage duration (see
Table 1).
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In addition to the outage
duration, the Duke Power study
examined the impact of the
outage source. Although the
outage source (i.e., generation
versus T&D) is not apparent to
the customer, there are
significant differences in the
opportunity to minimize customer
costs based on the outage source.
The study found that outages due
to generation capacity shortfalls
where customers received
advance notice (say, one hour)
were far less costly than
randomly occurring transmission
or distribution outages where the
customer received no warning
(see Table 2). This difference is
attributed to the ability of
customers to take measures to
minimize outage costs when they
have advance notice [6,7]. The
amount of advance warning
required varies by customer, but
Table 3.
Summary of Predicted Outage Costs [8]
Outage Scenario

Residential

Small C&I

Large C&I

Summer Afternoon –
1 hour

$2.90

$1,200

$8,200

Summer Afternoon –
8 hours

$7.20

$4,400

$41,000

Winter Afternoon – 1
hour

$3.30

$1,800

$20,000

Winter Afternoon – 8
hours

$8.32

$6,300

$105,000
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one study has observed that about
two-thirds of commercial and
industrial customers can
significantly reduce their outage
costs if given between one and
four hours warning or advance
notice.
This study also indicated that
this advance warning would also
result in improved safety for a
similar percentage of companies
[7]. As can be seen from Tables 1
and 2, comparing such studies
and drawing generally applicable
conclusions is problematic.
Individual utility studies have
generally been used to test outage
costs for scenarios that met
planning needs specific to that
utility’s systems. A review and
analysis of 24 such studies done
by Lawrence Berkeley National
Laboratory (LBNL) in 2003 [8]
which provided a summary of
predicted outage costs (see Table
3 and Figs. 3 and 4). These
predicted costs are not considered
applicable to individual
customers, but can be applied to
geographic regions for various
reliability scenarios.
It is suggested that an improved
understanding of outage costs can
be gained through the sharing of
other such studies that have been
completed and conducting
additional studies with a
consistent methodology [8].
The results of the 2003 LBNL
review were incorporated along
with system reliability data
(SAIDI, SAIFI, and MAIFI data)
into national outage costs
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estimates, resulting in a range
from $22 billion to $135 billion
annually with a base case
estimate of $79 billion annually
[9]. For the eight-state Mountain
region (AZ, CO, ID, MT, NM, NV,
UT and WY), the annual base
case estimated cost for outages
was $6.7 billion (2003 dollar). In
addition to presenting a possible
range of costs for outages, the
LBNL review found that:
(a) There is a wide range of
uncertainty in the accuracy of
previous national power
interruption cost estimates
because they extrapolate from
small subsets of customers or
single geographic regions to
the whole nation or use
outages occurring at one
particular time of day, week
or year to represent all
outages. Other strategies that
introduce inaccuracy include
using spending as a proxy for
costs.

(b) The majority of outage
costs are borne by the
commercial and industrial
sectors, and not the
residential sector. Although
there are important variations
in the composition of customer
types within each region, the
total cost of reliability events
by region tends to correlate
roughly with the number of
commercial and industrial
customers in each region.
(c) Costs tend to be driven by
the frequency rather than the
duration of reliability events.
Momentary power
interruptions, which are more
frequent, have a stronger
impact on the total cost of
interruptions than sustained
interruptions, which are less
frequent.
(d) As noted, costs could be as
low as $22 billion or as high

Fig. 4. Predicted Outage Costs:
Residential Customers

Fig. 3. Predicted Outage Costs:
Commercial and Industrial Customers
$120,000

Residential
$9.00
$8.32

$100,000
$8.00
$7.20
$7.00

$80,000

$6.00

Small C&I

$60,000

Large C&I

$5.00
Residential
$4.00
$3.30

$40,000
$3.00

$2.90

$2.00

$20,000

$1.00

$0

$0.00

Summer
Afternoon – 1
hour

Summer
Afternoon – 8
hours

Winter
Afternoon – 1
hour

Winter
Afternoon – 8
hours

Summer
Afternoon – 1
hour
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Summer
Afternoon – 8
hours

Winter Afternoon Winter Afternoon
– 1 hour
– 8 hours
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as $135 billion when
considered a reasonable
range in the annual
duration and frequency
of power interruptions,
which addresses both
gaps in the data for
certain regions and
possible year-to-year
variations in reliability.
(e) Costs could be as low
as $23 billion considering that
larger commercial and
industrial customers typically
experience fewer and shorter
interruptions than do
residential and smaller C&I
customers (this difference
results from the design of
many utility distribution
systems).
(f) Costs might be calculated
to be as high as $119 billion if
all reliability events are
(incorrectly) assumed, as is
typical in many studies, to
occur during summer weekday
afternoons when power usage
and costs are high.
(g) The choice of per-outageper-customer cost data used
as a basis for estimating
power interruption costs has a
very significant impact on the
estimate. Using unadjusted
PRS meta-analysis survey
cost data with biases toward
large industrial customers
resulted in an estimate of
$378 billion, over five times
the initial estimate. This
assumption severely
overestimates costs because it
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does not correct for the
influence of large industrial
customers in the original
surveys (compared to the
actual distribution of
industrial customers), yet
provides a sense of the degree
of variability that can result
when simple assumptions like
this are used to evaluate the
cost of power interruptions. [9]
The uncertainties found were
attributed to a lack of systematic
reliable collection of data on
customer reliability experiences
and the costs of power
interruptions to individual
customers. This review did not
incorporate any analysis of
power-quality events (because
they are not tracked) or
information on customer efforts to
reduce their vulnerability to
reliability events. Three
improvements were suggested to
more accurately develop outage
cost data:
♦ Coordinated, nationwide
collection of updated
information on the cost of
reliability events to
customers
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♦ Consistent definition and
tracking of the frequency,
duration, timing, and
number and type of
customers affected by
reliability events, including
power-quality events by
customer class; and
♦ Collection of information on
efforts by customers to
reduce their vulnerability to
reliability events through
investments in technology
and other measures. [9]
A study of power interruption
costs by the Pacific Northwest
National Laboratory (PNNL) also
concluded that additional surveys
of energy consumers were needed
to more accurately quantify the
cost of outages. In addition to
similar conclusions to the LBNL
survey regarding available data,
PNNL also recommended a more
in depth analysis to consider the
effects of privatization and
deregulation of electrical utilities,

price instability in certain
regions, the continued evolution
of alternative auxiliary power
systems [10].
Subject to the above limitations,
the LBNL survey found that
"Although there are important
variations in the composition of
customer types within each
region, the total cost of reliability
events tends to correlate roughly
with the number of commercial
and industrial customers in each
region." [9]. By using 2004 EIA
form 861 data [13], an attempt
has been made for the rough state
level estimates for the cost of
power outages. Table 4 below
provides the estimates for the
Mountain region for a total cost of
$6.9 billion dollars. For Colorado,
this results in an estimated $1.9
billion (2003 dollar) annual cost
associated with all power
reliability events.

Table 4.: Estimated State Breakdown of Outage Costs for the Mountain Region
State

Industrial Consumers
7,419

C&I Region %

AZ Total

Commercial Consumers
258,882

21.0

Outage Cost Est.
($Billion/year)
1.4

CO Total

343,245

11,875

28.0

1.9

ID Total

88,118

24,659

8.9

0.6

MT Total

93,116

4,634

7.7

0.5

NM Total

126,511

4,010

10.3

0.7

NV Total

130,761

2,889

10.5

0.7

UT Total

102,866

8,865

8.8

0.6

WY Total

55,433

4,278

4.7

0.3

1,198,932

68,629

100

6.7

Mountain
Region Total
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Conclusions

Balancing customer costs
associated with the adequacy,
reliability and affordability of
electrical power with the utility
costs of providing service is
beneficial to both. The previous
studies show that customer costs
increase with outage duration
[5,6].
Customer costs can be direct,
including lost business, or
indirect which may include
change in business plans or
investment in back up systems.
Customer costs will also increase
with the rising costs associated
with utility efforts to increase
reliability beyond the point where

overall customer costs equal
overall utility costs.
The customer survey approach
provides cost information that is
absent from more traditional
approaches and gives a more
accurate picture of the benefits of
various levels of reliability and
associated factors such as reserve
margins. This data can be
coupled with system reliability
data to provide a more accurate
cost assessment.
For utilities, such studies can
provide information on how to
make best use of their
investments to lower customer
costs by providing advanced
warning of outages due to
generation capacity shortfalls and
to consider the balance of
reliability and spending between
generation facilities and
transmission and distribution
facilities. Table 3 provides a high
level summary of nationally
estimated customer costs
associated with outages.
Proper construction and analysis
of customer surveys and along
with system reliability data in a
utility’s serving area can provide
similar information that is
specifically applicable for the
study area.
First and most important, the
customer survey based studies
link utility reliability to customer
costs, whereas the more
traditional methods merely set a
generation reserve capacity level
based on either an arbitrarily
chosen level of desired generation
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reliability or the utility economics
of unserved energy. Second, the
studies show that outages cannot
be lumped together and analyzed,
but must be examined in terms of
duration, time of year, time of day
and source (i.e., generation versus
T&D). The current best practice
is to obtain the consumer cost
data through customer surveys
directed at the different market
segments.
From a global perspective, it is
clear that utility customer
notification efforts regarding
generation outages are an
effective way of reducing
customer costs and should be
done with as much warning and
as effectively as reasonably
possible.

vary between $0.6billion and $3.6
billion dollars.
Conducting a thorough study in
Colorado, with refinements based
on experience from previous
studies and reviews, would likely
provide much-needed information
to refine this estimate and to
assist utilities in budgeting and
allocating their system
investments. Such investment
strategy may include (for T&D
infrastructure where feasible)
different reliability levels for
different market segments [2,9].
Needless to say, reliable and
affordable electric power, which
everyone takes it for granted, is
absolutely essential for the
economic growth and better
quality of life for the citizen.

The Duke Power and
MidAmerican Energy studies
provide examples of the sort of
customer cost trends that can be
expected in Colorado and in the
Rocky Mountain region.
Analysis of multiple studies has
shown that factors such as
differences in the economic and
customer bases of those areas
compared to Colorado make it
difficult to estimate Colorado cost
impacts based on those studies
[9]. Using data from existing
studies, costs associated with all
reliability events in Colorado is
estimated at $1.9 billion per year
(2003 dollar). Based on the
uncertainties and number of
variables, the estimated annual
cost (in 2006) of all power outages
due to unreliable and inadequate
electric supply in Colorado may
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Appendix for Colorado School of Mines
Excerpts from the references (1) The Table below presents the PG&E survey results [7] conducted in 1988 for the outage costs (direct
cost of a summer afternoon outage with 1-hour notice).
Customer Class

Average Outage Costs (1988 $/kWh)

Residential

4.05

Commercial

39.69

Industrial

6.78

Agricultural

3.53

System Weighted Average

18.63

Survey results indicated that he system weighted average cost for a voluntary partial outage is approximately $ 3/ kWh.
(2) Customer Interruption Costs With and Without Advance Notice [4]
Given one-hour advance notice, the average large commercial customer can reduce its interruption cost
by 35%, whereas, the large industrial customer reduce the cost by 43%.
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Customer Class

With Notice

Without Notice

Large Commercial

$ 14,574

$ 22,506

Large Industrial

$ 26,582

$ 46,695

(3) Outage Cost per Peak kWh [3]
A standard procedure for understanding the impact of costs and comparing them to other utilities and
regions is to create a per peak kWh measurement, that is to standardize the cost to one-hour rather
than presenting scenario-dependent results.
Customer Group

Outage Cost per Peak kWh

Commercial

$ 37.52

Industrial

$ 23.41

(4) The reliability of the North America is guided and coordinated by the North American Electric Reliability Council (NERC) comprised of ten separate regional councils responsible for defining reliability
criteria for use by the member electric systems. Western Electricity Coordinating Council (WECC) is
the regional reliability council in the western United States. When there is a system contingency, the
Rocky Mountain Reserve Group (RMRG) members respond as a whole to activate reserves. The RMRG
reserve obligations are consistent with those established by the WECC and NERC. Currently, the
RMRG single largest contingency is 565 MW.
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