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1992-99 Energy Efficiency & CO, Emissions Trends. We track performance from 1992 because
in that year our survey began to request data on "pounds of production", which we use as an
output metric. Analysis of our survey results indicates energy efficiency (measured as Btus
consumed per pound of product produced) improved an average of 3-3% per year since 1992,
or a total of 2l1%. CO, efficiency (measured as pounds of CO, emitted per pound of product
produced) improved an average of 3.8% per year since 1992, or a total of 23.7%. (As before, CO,
emissions include emissions from purchased electricity.)

1990-99 Energy Efficiency & CO, Emissions Trends. The Council also tracks energy efficiency
and CO2 emissions performance from 1990, the base year from which emissions reductions are to
be measured under the UN. Framework Convention on Climate Change. In this analysis we use
the dollar value of sales, deflated by the BIS Producer Price Index for Industrial Chemicals, as
the output measure. Analysis of our survey results indicates energy efficiency (measured as
Btus consumed per 1990$ of sales) improved an average of 19% per year since 1990, or a total
of 15.8%. CO, efficiency (measured as tons of CO, emitted per million 1990$ of sales)
improved an average 2.2% per year, or a total of 18.4%. (Again, CO, emissions include
emissions from purchased electricity.)

We think this year's survey results show very real energy and CO, emissions efficiency progress.
However, we must remember that as much as we hope to see such progress continue, past
performance does not guarantee the same performance in the future. Many of our members
believe that the low-hanging fruit" has been picked, and that future energy efficiency and
greenhouse gas emissions improvements with current technology will be more difficult and
more costly than in the past In addition, general economic conditions drive apparent energy
efficiency performance from year to year; specifically, lower capacity utilization typically
degrades energy efficiency performance.

IL Results of the 1999 Energy Efficiency Awards Program. Twenty-three projects carried out
by ten Council member companies were honored with 1999 Energy Efficiency Awards.
Attachment 2 contains short descriptions of each of the winning projects. These winning
activities consisted of a variety of innovative measures which were successful in improving
energy efficiency and reducing or avoiding related emissions including CO, emissions.

In. American Chemistry Council policy recommendations. The Council will continue vigorous
implementation of our Energy Efficiency Continuous Improvement Program and our Climate
Action Program. We will continue the industry's long-standing tradition of improving energy
efficiency and reducing the carbon intensity of our operations, thus demonstrating the
effectiveness of voluntary programs in helping to achieve domestic and international energy
policy and global climate change goals. We will also continue to research, develop and provide
chemistry products that enable other industries and individual consumers to improve their
energy efficiency and reduce their emissions.

While the business of chemistry will continue its efforts, government also has a vital role to
play. The American Chemistry Council strongly supports a national energy policy that
restores balance to U.S. energy markets by promoting high environmental protection
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standards, now and far future generations, and a diverse, flexible energy supply at globally -
competitive prices. To achieve those goals the Council believes the nation should:

Use all available and proven energy sources. Over 75 percent of the nation's electricity
output comes from oil, coal and nuclear power. The nation cannot turn its back on these and
other supply enhancing energy sources. The nation must fully use advanced oil, coal and
nuclear technologies and invest in non-traditional and renewable energy sources.

· Balance natural gas markets. Natural gas is fast becoming the nation's fuel of choice. It is in
high demand to heat homes, fuel fctories, and create electricity. Today, there is simply not
enough natural gas to go around. New supplies must be responsibly developed, and new
measures are needed to ease demand growth.

· Remove unintended regulatory barriers to safe and reliable energy. Some government
policies have severely restricted the production and distribution of energy, especially
electricity supplied from cogeneation technology.

* Improve energy distribution channels Our energy distribution infrastructure is inadequate.
New natural gas pipelines are needed and we must pursue a continental natural gas supply
and power movement strategy.

The Council believes that U.S. government policy to address the issue of global climate
change should focus on the following elements:

* Encouragement of voluntary actions to improve energy efficiency and reduce or avoid
greenhouse gas emissions, and appropriate recognition of these actions;

* Targeted research to resolve uncertainties in the science of global climate change;
» Removal of barriers to the deployment of energy efficient and greenhouse-friendly

technologies; and,
* Research and development of breakthrough new technologies to dramatically reduce the

greenhouse impact of energy-related and other anthropogenic emissions.

I recently wrote you to explain the important benefits that cogeneration brings to the business of
chemistry and the nation. I emphasized our concern about possible amendments to the Public
Utility Regulatory Policies Act (PURPA) which would remove that statute's vital protections of
cogeneration facilities against monopoly abuses, and thus jeopardize our industry's cogeneration
contribution to the nation's electricity supply. Let me reiterate our concern at this time.

I hope you find the above information to be of interest. I would welcome the opportunity to
meet and discuss it with you. If you or members of your staff should have questions, please call
me or call Thomas Parker, Jr. of the Council's Energy Team, at 703-741-5916.

eck L. Webber
resident & CEO
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attachments:
1. "American Chemisty Council 1999 Energy Efficiency and Grenhous Gas

Emissions Surey- Summary of Data, 1990-199, April 17, 2001
2. "American Chemistry Council 1999 Energy Efficienc y Awards Progrm: Award Winners,

with Summary Dsacriptions", November 13,2000

cc The Hon. Joe Kellier, Senior Advisor to the Secretary, Department of Energy
The Hon. Robert Kuripowickz, Acting Assistant Secretary, Fossil Energy, Department of

Energy
The Hon. Abraham Haspel, Acting Assistant Secretary, Energy Efficiency and Renewable

.Energy, Department of Energy
The Hon. Colin L Powell, Secretary of State
The Hon Paula Dobriansky, Under Secretary-designate for Global Affairs,

Department of State
The Hn. Alan P. Larson, Under Secretary for Economic, Business and

Agricultural Affairs, Department of State
The Hon. enneth Brill, Acting Assistant Secretary for Oceans and International

Environmental and Scientific Affairs, Department of State
The Hon. Paul H. O'Neill, Secretary of the Treasury
The Hon Mark Sobel, Acting Assistant Secretary for International Affairs, Department of the

Treasury
The Hon.Donald L Evans, Secretary of Commerce
The Hon. Robert C Reiley, Director, Office of Metals, Materials and Chemicals,, Department

of Commerce
The Hon. Christie Whitman, Administrator, Environmental Protection Agency
The Hon. Jeffrey Holmstead, Assistant Administrator-designate for Air and Radiation
The Hon. Andrew Lundquist, Executive Director of the National Energy Policy Development

Group, the White House
The Hon. Karen Knutson, Deputy Director of the National Energy Policy Development

Group, the White House
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Attadchnt 1
American Chemlsty Council 1999 Energy Effiiency and Greenhouse Gas Emssions Survey

Summary of Data, 1990-1999
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American Chemisby Council 1999 Energy Eficiency and Greenhouse Gas Emissions Suvey
Summary of Data, 1990-1999
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Attacirment 2

AMERICAN CHEMISTRY COUNCIL
1999 ENERGY EFFICIENCY AWARDS PROGRAM

AWARD WINNERS, WITH SUMMARY DESCRIPTIONS

Number I
Company: Texas Petrochemicals LP
Category: Significant Improvement in Manufacturing - Plant Site
Entity: Houston, Texas Plant
Title: TPC Instrumentation Upgrade

Description: To continue its multi-year pursuit of energy reduction, in 1999 Texas
Petrochemicals LP implemented a plant instrumentation upgrade project along with
several smaller heat recovery projects to increase processing efficiency and to lower
overall energy consumption per pound of product The installation of the instrumentation
upgrade utilizing Honeywell distributed controls technology increased production rates.
The advanced controls and process modeling then allowed operating the process closer to
product specifications, thus decreasing energy usage. Steam heat recovery was increased
by replacing a 15 pound steam boiler economizer section with a more efficient 750 pound
economizer. In another waste heat recovery boiler installation of steam drum de-misters
eliminated sodium carryover and allowed more efficient supplemental fiing. Finally, the
use of excess condensate flash heat was initiated for preheating two process tower feeds.
Actual energy savings realized during 1999 were 508,896 MMBtu Energy per pound of
product decreased 3.3% and COr emissions per pound decreased 5.3%. Larger full year
savings were expected for the year 2000.

Number: 2
Company: Celanese
Category. Environmental Impact - Project
Entity. Bay City, Texas Plant
Title: Plant Ethylene Flare Noise and Steam Reduction

Descrption: Excessive use of 160-psig steam to an ethylene flare caused by a
malfunctioning sensor wasted energy and resulted in a pulsating flame and noisy flare.
inadequate steam input, however, would have resulted in excessive smoke, areportable
event to state environmental authorities Initial observation did not reveal any controller
tuning problem. Cause and effect analysis was used to identify and assess factors which
might be responsible for the excess steam: a malfunctioning steam flow transmitter, the
infrared sensor, and process vent streams not previously accounted for. Further work
with instrument maintenance personnel indicated the infrared sensor ('smoke detector")
was not programmed properly, giving an incorrect high infrared signal which in turn
caused input of excessive steam to reduce that signal. Company personnel worked with
the original manufacturer of the device and the sensor was reprogrammed based on a new
procedure. The result was to reduce the 160-psig steam usage from 3.6 thousand Ib/hr to
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0.6 thousand Ib/hr, an annuaized savings of 39,322 MM Btu of boiler fuel gas, and to
mitigate the excessive noise.

Number: 4
Company: Celanese
Category: Significant Improvement in Manufacturing - Operating Unit
Entity: Operating Unit Within the Clear Lake, Texas Plant
Title: Use of Excess Process Steam for Heat Recovery

Description: Process-generated steam contained a small amount of organic process
material. This steam could not go directly into the plant steam system with this
contaminat, so it was vented, resulting in the annual discharge to the environment of
approximately 4,000 pounds of the organic material. In another part of the same process,
purchased steam was used to reboil a Flasher vessel. A company engineer conducted
HTRI calculations to determine whether the Flasher reboiler could operate properly if the
process-generated steam were used and condensed in the reboilers, instead of the
purchased steam. When the answer was affirmative, the unit decided to implement a
low-cost project New pipelines and jumpers were designed and installed The process
steam was then lined up to the Flasher reboiler, displacing purchased steam. Annualized
energy savings are approximately 65,000 MMBtu, or 1.8% per unit ofproduction. The
project also has enviromnental benefits. The reboiler-generated condensate including the
organic material is discharged as effluent, which is then remediated through biological
treatment

Number: 8
Company. -Celanese
Category: Significant Improvement in Manufacturing - Operating Unit
Entity: Operating Unit Within the Clear Lake, Texas Plant
Title: Improve Process Control of Large Air Compressor

Description: Company engineers improved the process control for a large air
compressor. The new control strategy minimized the differential pressure across the flow
control valve downstream of the compressor in order to improve efficiency. In order to
open up the flow control valve more, the air discharge pressure of the compressor was
reduced by lowering the speed of the compressor. This resulted in saving high pressure
steam which powers the compressor. The engineers also trained the operators on how
better to operate the equipment This was an important phase of the project and resulted
in a significant cange in behavior for the operating unit in managing operation of this
compressor. Software changes were made, but no new equipment was required
Annualized energy savings are approximately 22,000 MMBtu, or 1.3% per unit of
production
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Number 9
Company: Celanese
Category: Significant Improvement in Manufacturing - Operating Unit
Entity: Pampa, Texas Plant
Title: Furnace Operations Optimization

Description: Several cabin style radiant-wall furnaces are used to crack a vapor feed
stream into an intermediate product stream The furnaces fire natural gas as the primary
fuel source and the cracking by-product 'off-gas' as a secondary fuel source. Due to
increased production demands, several studies for improving furnace capacity, first pass.
conversion, and carbon efficiency were conducted. First, burner capacity and beat
distribution patterns were evaluated. This revealed that certain burner locations were
actually counter-productive to cracking and it was found that fouling in the off-gas burner
system caused extensive fluctuation in the heat distribution pattens. In addition, the
burner fouling was affecting the pressure controlled off-gas collection system. This
caused off-gas to be diverted to the unit flare, which results in an appreciable loss of by-
product gas BTUs. Burner capacities and firing patterns were optimized and the
secondary fuel burner nozzles were redesigned and re-fabricated to reduce fouling.
These activities resulted in an increased furnace capacity (-15%), an increased first pass
conversion (-3%) and losses of the off-gas to the unit flare was reduced from -15% to
less than 1%. Lastly, an online condenser wash procedure was implemented to reduce
downstream pressure drop. This has helped in maintaining a low process operating
pressure within the furnace, which favors cracking conversion. Condenser washes have
also helped to extend the process rn times by over 10%. The annual energy savings of
approximately 72% per unit of production has exceeded expectations.

Number 10
Company: PPG Industries, Inc.
Category: Significant Improvement in Manufacturing - Operating Unit
Entity: Lake Charles, Louisiana Plant "C" Chlorine
Title: Tcphram® Diaphragms

Description: The "C" Chlorine unit consists of four production circuits, each with 16
hi-polar electrolyzers, each of which in turn contains 12 individual cells, for a total 768
individual cells. Historically these cells used an asbestos diaphragm as the separator
between the anode and cathode compartments. Asbestos diaphragms have several
shortcomings: problematical long term availability due to environmental concerns; a
short life, normally I to 1.5 years; and, high operating costs. A company research team
created the technology leading to the current "4.2C version" Tephram® Diaphragm more
than a decade ago. Several generations of diaphragms were developed and tested before
the successful 4.2C version was developed. This diaphragm consists of several non-
hazardous, commercially available and proprietary components. Cell renewal crews use
equipment essentially identical to that designed for asbestos diaphragms. No
modifications to cell structure are required. In addition to using safer materials, the
Tephram® diaphragms have demonstrated the following improvements: operating life
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has more than tripled, to more than four years; product purity has improved; and,
substantial energy savings were achieved. Annualized energy savings are approximately
4.4%. The company makes this technology available to others on a license basis.

Number 11
Company: PPG Industries, Inc.
Category: Significant Improvement in Manufacturing - Project
Entity: Lake Charles, Louisiana Plant
Title: Mercury Cell Voltage Reduction Project

Description: A large amount of power is consumed in the generation of chlorine/caustic
soda using mercury cell technology, so even small percentage changes in power
consumption can yield significant energy savings. Since this plant operates at a nearly
constant load (DC current flow) to meet production demands, any reduction in power
consumption must come from a reduction in voltage drop across the mercury cells. The
primary method used to change the voltage drop across a cell is to change the distance (or
gap) of the movable anodes from a fixed cathode. A project was initiated to use Six
Sigma methods to reduce power consumption without any capital investment All
components of voltage drop were identified and the variation of each component was
studied. The main sources of variation were anode adjustments, brine feed temperatur
and ambient temperatre. The brine temperature control loop was changed, resulting in a
higher average brine temperature in the cell during ambient temperature changes,
decreasing electrical resistance and lowering voltage during cooler ambient temperatures.
Analyzing the variation due to anode adjustment was more difficult To do this,
regression techniques were used to develop a mathematical model to predict voltage drop
where all components except anode gap are taken into account The difference between
the voltage thus calculated and the actual voltage would be the contribution due to the
anode-cathode gap. A computer program was developed to calculate and report this
value in real time. Operators were trained and project implementation begun.
Annualizcd energy savings are approximately 0.85% per unit of production

Number: 13
Company Eqnuistr Chemicals, LP
Category: Energy Efficiency Program - Corporate/Business Unit
Entity: Corporatel Business Unit
Title: Energy Best Practice Team

Description: Equistar Chemicals, LP is a joint venture between Lyondell Chemical
Company, Millennium Chemicals Inc. and Occidental Petroleum Cororation, formed in
December 1997. The challenge was to identifybest practices between the three
companies and to implement the best practices throughout Equistar. Projects were
limited to those with less than a one-year payback. An Energy Best Practice Team was
formed to reduce Equistar's energy costs. The team is lead by an energy manager and
supported by a full-time energy engineer. Energy teams led by senior engineers were
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formed at fourteen plant sites and meet monthly to discuss opportunities, report progress
and discuss action plans. The energy manager, energy engineer and energy team leaders
have monthly phone conferences to discuss goals, new projects and team initiatives.
Quarterly meetings of site representatives are held to discuss goals, review the most
recent projects implemented, and listen to presentations from site energy teams and
industry experts. By maintaining a focus on energy cost reduction, low- and no-cost
energy projects are continually implemented. Energy best practices have been identified
and plants conduct annual self-assessments to the practices. Energy audits have been
conducted at each site. Through sharing of these developed best practices with other
Equistar sites, energy savings ideas can be multiplied at a faster rate. Of fifty-two
projects implemented so far, almost all were procedural changes or required minimal
maintenance expense. Annualized energy savings in 1999 were 1,971,000 MMBtu, or
5.4% per unit of production.

Number. 14
Company: Bayer Corporation
Category: Significant Improvement in Manufacturing - Plant Site
Entity: New Martinsville, West Virginia Plant Site
Title: Utilization of Plant Produced Excess Hydrogen

Description: A decision was made to shut down pemanently several operating units at
this site which produced intermediate products, and to produce these products at an
alternate corporate site. One of the units to be shut down used hydrogen as a raw
material. The hydrogen was produced on site from the reforming of natural gas, in a
reaction which also produced carbon monoxide. The carbon monoxide is a very
significant raw material for other production operations at this site and it was essential to
continue the supply of carbon monoxide for this purpose. However, no other production
units at this site used hydrogen as feedstock Flaring the hydrogen to the atmosphere was
considered unacceptable. Therefore, an alternative productive use for the hydrogen had to
be found. Possible alternatives investigated included merchant sales, use in fuel cells for.
onsite electricity generation, hydrogen-fired cogeneration and co-firing the hydrogen in
existing boilers for process and heating steam generation. The decision was to expand
existing facilities for burning hydrogen in utility boilers for plant steam supply. A multi-
boiler installation was used The burner, piping auxilianies and safety provisions for
each boiler were modified in compliance with all corporate, regulatory and insurance
requirements. The burner management systems and controls were upgraded to a
programmable logic control (PLC). The resultant use of an increased quantity of
hydrogen resulted in a corresponding decrease in natural gas used for fuel. Greenhouse
gas emissions also decreased. Annualized energy savings are approximately 380,000
MMBtus, or 63% of total site energy consumption.
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Number: 16
Company: DuPont
Category: Environmental Impact - Operating Unit
Entity: Victoria, Texas Power
Title: Reduction ofNOx Emissions and Fuel Gas in the Hydrogen Reformer

Furnace

Description: New low-NOx natural gas fired burners, installed in the hydrogen
reformer furnace in 1995, were unable to meet permit requirement for NOx emissions.
Large, billowy yellow flames were constantly 'licking/impinging" on newly replaced
process tubes, threatening damage and shortened life. Investigation revealed the burners
were sized for a beat load 40% higher than furnace demands, resulting in low fuel tip gas
velocity with very poor mixing.and burning. In addition, the 19" diameter burners were
designed using erroneous firebox vacuum data and a BTU assumption 40% too high,
resulting in a 200% over sizing of the burner throat areas. The over sized burner tips and
burner throats were the reason the burners could not meet NOx requirements. Smaller
burner tips were ordered from the OEM and installed. The 19" burners were fitted with
restriction plates conceived by area technical personnel to reduce the cross sectional area
ct the throats to 13" 14" and 15" in the respective cells. Finally, earlier modifications to
the burner air registers, which had the unintended effects of impairing the ability to
control oxygen and routinely causing the burner air register push rod mechanisms to jam,
were removed and the air registers restored in original condition. Additionally, reformer
process tubes were fitted with newly-designed upper tube seals to prevent tramp air from
entering the furnace. These various changes resulted in reduction and stabilization of
NOx emissions, greatly improved operational control, restored maximum hydrogen
capacity (which had been limited to 85%), and improved fuel efficiency. Annualized
energy savings are approximately 35,600 MMBtu, or 4.6% per unit of production.

Number: 18
Company: Bayer Corporation
Category: Energy Efficiency Program - Plant Site
Entity: Bushy Park, South Carolina Plant Site
Title: Bushy Park Plant Site Compressed Air

Description: The existing plant site compressed air system consisted of three large
centrifigal compressos, three screw-type air compressors, two reciprocating air
compressors with associated receivers, dryers, filters, distribution headers and controls.
For a number of reasons the system was not operating at optimum efficiency. A
corrective action team, consisting of plant personnel and with support from engineering,
operations and maintenance resources, systematically addressed and resolved numerous
problems with the system. a) Cooling water. Impurities were addressed by installing
oxygen reduction potential controllers and slipstream filters. Cooling water takeoff was
moved to the top of the water supply header and a corrosion inhibitor treatment program
begun. b) Air dryer. A purge airflow restriction orifice plate was resized and three-way
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lubricated control valves on a heated dryer were upgraded. c) Pressure drops.
Unnecessary check valves were removed and an undersized 2" flow meter was bypassed.
Air filters are now monitored and changed regularly. d) Air losses. A leak survey of the
entire manufactning site was conducted and remedial action undertaken. Solenoid-
operated condensate blow down valves were replaced with compressed air condensate
drain traps. e) Large instantaneous increases in air demand. The locating and correcting
of leaks enabled provision of the quantity of air needed to respond to instantaneous peak
demands. i) Maintenance. A quarterly preventive maintenance program, induding oil
analysis and vibration analysis, was established. g) Training. Operators were trained to
improve the consistency of plant operation. The environmental, energy efficiency and
operational benefits of these measures exceeded expectations. Annualized energy
savings (electricity for compressed air) are approximately 52,150 MMBtu, or 23%.

Number: 19
Company: ExxonMobil Chemical Company
Category: Significant Improvement in Manufacturing - Plant Site
Entity: Baton Rouge, Louisiana Complex Cogeneration Project
Title: Major Energy Savings Plus Environmental Improvements Through

Expanded and Modernized Cogeneration

Description: The very large refining and petrochemical complex of ExxonMobil in
Baton Rouge continues to experience significant growth in its need for electricity. The
Complex had an aging cogeneration plant with power boilers which provided nearly 25%
of its medium pressure steam supply and about 30%0/ of its electricity through steam
turbine generators. Another 15% of the Complex's electricity needs was purchased from
the local utility, which used conventional generation. In addition, the boilers had
significant NOx emissions, and reliability of the aging plant infrastructure was a
significant concern. This project entailed installation of a new, highly efficient, state-of-
the-art gas turbine generator with a large heat recovery steam generator, and slowed/idled
the aging, higher emissions boilers. As a result of this project the entire electrical needs
for the Complex are met through cogeneration with an additional 70-200+ MW,
depending on the season and climate conditions, available for sale to other consumers.
With new gas turbine emissions of less than 10 ppm NOx, total plant emissions even with
the much higher output are lower than before. In addition, the surplus electricity sold to
the local utility or the wholesale market reduces third party fuel use and emissions by
trimming less efficient generation at the utility. Fuel efficiency for site steam generation
has also been significantly improved and the overall site reliability greatly enhanced
through significant replacements and upgrades of the aged infastructure. Annualized
energy savings are approximately 8,355,000-MMBtu, or 19.2% per unit of production.
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Number 20
Company: ExonMobil Chemical Company
Category: Significant Improvement in Manufacturing - Plant Site
Entity: Baton Rouge, Louisiana Plastics Plant Site
Title: Reactor Preheat Modifications

Description: The challenge was to increase production capacity and at the same time

reduce unit energy consumption on the E-Line Reactor. Rigorous techniques of risk
analysis and value engineering on the process flow and reactor designs were used to

identify and evaluate project alternatives. As a result, the reactor line was reconfigured to

reduce consumption of high-pressure steam to preheat the reactor feed, produced by gas-
fired boilers, and a boiler was installed to generate low-pressure steam from process heat

Consumption of high-pressure steam was reduced more than 40% per unit of production,
and about 5,000 lb/hr of low-pressure were generated by the boiler using the previously
unutilized process heat Surplus low-pressure steam is now exported from the area for
use elsewhere at the site, further reducing demand from natural gas fired boilers- In
addition, electricity consumption for the process was reduced by supplying higher
pressure ethylene to the compression train, modifying the polymer extruder, and

modifying the reactor to increase the conversion of monomer to polymer. A further
benefit of these changes was the reduction or elimination of infrastructure capital
investment - boiler capacity, power distribution and cooling tower expansion - that
otherwise would have been required for the added production vohnnme Annualized
energy savings are approximately 671,000 MMBtu, or 25.6% per unit of production.
ExxonMobil is now licensing this technology.

Number. 21
Company: BASF Corporation
Category: Energy Efficiency Program - Corporate/Business Unit
Entity BASF Corporation
Title: Energy Management Program

Description: In 1993 BASF Corporation's Executive Committee established an Energy
Management Program, in line with the voluntary guidelines in the American Chemistry
Council's Energy Efficiency Continuous Improvement Prgram, to develop the potential
for energy efficiency improvements. An Energy Management Steering Committee,
consisting of group vice presidents and manufacturing directors and chaired by a division

president, was put in place to foster an awareness of nergy savings' importance and
potential and to guide development and implementation of the program. An Energy
Manageanent Group was constituted to provide centralized technical support to the sites,
monitor performance and report results to the Executive Committee on a regular basis.
Noteworthy aspects of the program included the conduct of energy surveys at numerous
sites; establishment of a company award program; and, publication of personal and team
accomplishments in the corporate newsletter. Each plant focuses on its best energy
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savings opportunities based on that plant's business environment, expansion plans,
infastructure requirements, capital availability and operating costs. Many sites

developed quantitative and qualitative mid-term energy goals, and many sites have
already achieved their goals. New facilities are designed with the latest in energy
efficient technology and utilize the latest tools for process optimization and heat
integration. Expanding energy requirements at these sites have been met by high
efficiency cogeneration plants. As a result of these activities, BASF Corporation has
demonstrated continuous improvement in energy efficiency since 1991. Between 1990
and 1999, purchased energy per pound of production has decreased 40%. In absolute
terms, purchased energy use has declined almost 10% even as production has increased
more than 50%. In 1999, annualized energy savings were approximately 5,250,000
MMBtu, or 100/ per unit of production.

Number: 22
Company- BASF Corporation
Category: Energy Efficiency Program - Corporate/Business Unit
Entity: BASF Corporation
Title: Motor Management Guideline

Description: An initial survey within BASF Corporation revealed a vast number of
differences in motor management procedures, and no one method that was entirely
correct Consequently a Motors Team was established in 1998 consisting of
representatives from the largest manufactuiing sites, Corporate Engineering, Corporate
Energy Management and one outside consultant The Motors Team was charged with
developing a Guideline that would apply to all of the company's business units and
manufacturing sites. Given the different levels of engineering staff and guidance at the
various sites, the Motors Team needed to develop a Guideline that addressed technical
issues surrounding motor management while presenting this information in an easily
usable format The Guideline could then be the basis for site-specific motor management
policies, but was complete enough to adopt "as is". Over a one-year period the Motors
Team addressed a myriad of electric motor issues. Its starting point was the examination
of existing programs such as Motor MasterPhus and other "canned" programs available
on the market. When complete, the new BASF Motor Management Guideline was
introduced in a series of roll-out presentations at key regional company facilities. A
tracking procedure was established using an accounting software program (SAP) which is
employed for maintenance management The estimated potential energy savings through
this program are in the 3-5% range. Annualized energy savings in 1999 were
approximately 50,000 MMBtu. Expected annualized energy savings when the program is
fully implemented are approximately 300-400,000 MMBtuh
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Number: 24
Company: Eastman Chemical Company
Category: Significant Improvement in Manufacturing - Project
Entity: Polymer Intermediates Department, Carolina Operations
Title: Reduce Cooling Tower Water Demand

Description: Process cooling in a process in the department is provided by a cooling
tower, river water and chilled water. Process improvements had been made to increase
production output and the additional demand exceeded the capacity of the cooling tower.
This project included alterations to maintain the critical process temperatures and
increase the temperature setpoints on components of the process to optimize the cooling
tower capacity and optimize process heat Process instrumentation was used to identify
ail process conditions. Piping and instrument modifications were made to obtain
optimum conditions. These changes lowered the water flow through the tower by 12,500
gallons per minute and improved the efficiency of the cooling tower. Reduced water
flow in tun resulted in a substantial reduction in electrical energy demand. These
changes deferred the cost of a new cooling tower cell, deferred the cost of modifications
to the river water system, and decreased electrical energy costs. Annualized energy
savings in 1999 were 54,000 MMBtu, or 39%.

Number: 25
Company: Eastman Chemical Company
Category Environmental Impact - Project
Entity: Polymer Intermediates Department, Carolina Operations
Title: Reduce River Water Demand in Polymer Intermediates Processes

Description: Much of the process cooling in the polymer intermediates chemical
processes is provided by river water. In the past, river water usage in all intermediates
process areas normally was much higher than needed for proper operation of the
processes. This required more high and low pressure river water to be pumped around
the plant and also required running more pumps than needed. Sometimes, when the river
level was low, the high river water usage resulted in problems such as process capacity
limitations and/or increased costs due to paying for additional water release from the dam
upstream of the plant site. Process instrumentation was used to identify all process
conditions. Optimum flow and temperature conditions were identified and piping and
instrumentation modifications were made to obtain these conditions. River water flow to
the process heat exchangers was reduced by manually throttling river water flow, creating
river water flow control loops using existing equipment, or increasing the temperature
setpoints on some components of the process. Physical changes to plant and equipment
consisted of installing one new control valve, repairing several existing control valves, re-
labeling wiring, transmitters and control valves and updating DCS and drawings. As a
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A new feed injector was installed and safety controls added to an existing programmable
logic control system. Implementation of this project resulted in reduced incineration of
co-products and backed out consumption of natural gas and other feeds to the gasifier.
Annualized energy savings were approximately 244,000 MMBtu, or 13%.

Number. 29
Company. Eastman Chemical Company
Category: Significant Improvement in Manufacturing - Project
Entity: Utilities Department, Texas Operations
Title: New Controls Upgrade Boilers' Efficiencie s

Description: Texas Operations has four 600-psig boilers that were originally designed
to burn natural gas, but now bum a mixture of natral gas and plant off gas. The
composition of the fuel varies frequently and quickly, causing the fuel's beat value to
swing tremendously. When the fuel gas was changed to a mixture of natural gas and
plant off gas, the original pneumatic combustion control systems could not handle the
fluctuations in heat value without major changes to the control systems. The controls
were set up and tuned to provide more combustion air than required in order to maintain
an adequate safety margin during "automatic" operation The boilers could not be run at
their optimal efficiency. To address this problem, a redundant calorimeter system was
installed to measure the fuel's heat value. A DCS (distributed control system) was
installed to optimize the combustion controls. Electronic instrumentation was added to
increase the data reliability. The new controls system now predicts the airflow needed
for a given fuel flow to account for the fuel's changing heat value. Instead of having
preset conditions that don't meet all operating scenarios, the boilers now have controls
that respond to them. More control allows operations to run with less airflow, increasing
the boilers' efficiencies because heat is transferred to the water instead of to the excess
air. Annualized energy savings were approximately 120,000 MMBtu, or 3%.

Number: 30
Company: Eastman Chemical Company
Category: Energy Efficiency Program - Operating Unit
Entity: Epolene/Eastoflex Department, Texas Operations
Title: Energy Savings through Process Improvement and Simplification

Description: Plant personnel recognized that opportunities existed to reduce steam
usage through better understanding of metering and reporting, and by closing the gap
between actual usage and theoretical requirements. First, the metering system was
brought into shape to provide the tools for evaluation and verification of future
reductions. Once the direction and magnitude-of all steam and condensate flows were
known, weekly totalizer readings and a detailed spreadsheet showing the steam
breakdown by area provided a structured and disciplined framework that greatly aided
efforts. Involved personnel then started a two-fold approach of closing the energy
balance around each major steam user and evaluating whether the unit was required for
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continued operation. Specifc efforts resulting in reductions included 1) elimination of
process vessels and heaters that were found to be unneeded; 2) improved understanding
of the characteristics of the different steam traps used; 3) an aggressive external leak
reduction program, and 4) evaluation of internal steam leak paths (bypasses), which were
either eliminated or fitted with flow restricting devices. Annualized energy savings were
114,000 MMBtu, or 48% of steam-related energy usage.

Number 32
Company: Eastman Chemical Company
Category Significant Improvement in Manufacturing - Operating Unit
Entity: No.2 Olefin Department, Texas Operations
Title: Modify Eastman PSA Unit Mode of Operation to Recover Off-Gas for

Waste-Heat Boilers

Description: A Pressure Swing Adsorption (PSA) unit is used in one of Eastan's
hydrocarbon cracking plants to produce high purity hydrogen from a fuel-gas stream
containing methane and hydrogen. The PSA unit was originally configured to operate in
one of two modes: 1) High Pressure mode for normal hydrogen production with fuel-gas
(primarily methane) recovery, and 2) Low Pressure mode for maximum hydrogen
production with no fuel-gas recovery. The Low Pressure mode was used when plant
hydrogen demand exceeded available supply. In this mode, however, the residual fuel-
gas stream had to be flared due to insufficient pressure to return the stream to the process.
A project was undertaken to provide for a third mode of operation: Moderate Pressure
mode. Company personnel consulted with the PSA manufacturer to have the operating
parameters adjusted for the Moderate Pressure mode. New piping and pressure control
systems were installed to regulate the pressure in the off-gas stream that feeds the waste
heat boiler burners. Then, new operating software from the PSA manufacturer was
installed in the PSA unit's dedicated PC. Operating pressure for the PSA unit was
manually adjusted to the new Moderate Pressure mode and then automatically controlled
with the new operating software. The Moderate Pressure mode is now the normal mode
of operation. In this mode the PSA unit can produce high purity hydrogen at 94% of
maximum hydrogen production capability and also recover 100% of the residual fuel-gas
stream by re-routing the fuel-gas to an alternate user, the waste heat boilers. The project
resulted in a reduction in operating costs as well as reduced use of the flare. Annualized
energy savings are approximately 73,015 MMBtu, or 1.5%.

Number 33
Company: Nalco/Exxon Energy Chemicals, LP.
Category: Non-Manufacturing Improvement - Corporate/ Business Unit
Entity. Sugar Land, Texas Research Facility
Title HVAC Energy Conservation Upgrade Project

Description: The Company's Corporate Administration Offices and Research Facilities
are comprised of four main buildings constructed between 1960 and 1984. Each building
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bad its own independent HVAC system consisting of boiler, chiller(s) and air-handling
units. Chillers and boilers were sized to provide comfort during peak demand periods
during the year but remained in the same mode of operation during non-peak periods.
Following a study of the situation, a project was undertaken to install a continuous loop
system that would tie equipment from the existing HVAC systems together and allow for
automated computer controlled operation The study also indicated that the new loop
would allow for some of the existing equipment to removed altogether, and for other
equipment to be placed into a mode of emergency back-up only. The construction phase
connected the four mechanical rooms by running approximately 1000 feet of 6" pipe and
approximately 500 feet of 4" pipe to complete the chilled-water and hot-water loops
respectively. In addition, variable speed drives were installed on four pumps and nine
air-handling units. Temperature sensors were installed at various locations in the
buildings to allow for automated control. Approximately 5 miles of control wiring was
installed to operate the new controllers installed on the equipment via a digital control
system (DCS) with a compute interface. (The DCS system can be accessed remotely via
modem by Maintenance Department Staff to inspect the operational status of the system
and determine if any adjustments are needed.) One air-handling unit, two boilers and
t're-- chillers were taken completely out of service, and one boiler and one chiller were
placed into emergency back-up mode. Annualized energy savings are approximately
48,245 MMBtu, or 33.7% of total energy consumed within the four buildings.

Totals: Nominations: 33 from 11 companies
Winners: 23 from 10 companies

eeap9917 winners and summaries
11/13/00
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Energy's 'Perfect Storm'

America faces an impending 'perfect storm" in energy-both electricity and

natural gas. Neither the Clinton administration nor the Congress has heeded the

warnings over the last eight years. Left unchecked, the coming storm could

dwarf the energy crisis of the 1970's.

The new Bush administration and Congress have the opportunity to steer clear of

the coming storm or significantly reduce its potential damage. But they must

demonstrate leadership by rolling-up their sleeves and going to work to enact

simultaneously both comprehensive energy and environmental legislation. There

cannot be one without the other.

bipartisan solution is possible now because historically neither Democrats nor

Republicans have laid claim to energy and environmental issues. The fault line

on these issues has been between'regions of the country and between producing

:. id consuming constituents. The only time in the past that we've been able to

*:;ild a consensus on these important issues is when a crisis is looming.

The cost of no rational energy and environmental policy is now obvious. Natural

gas pi ices are skyrocketing. Inadequate supply due to hostility toward domestic

production now cruelly coincides with the EPA's promotion of the fuel for all of

the nation's combustion needs-from home furnaces to industrial processing to

new electric power plants. Indeed, at least some versions of the Clinton

Administration's Kyoto implementation schemes advocate a massive substitution

of the nation's coal generation capacity with natural gas.

The electricity industry is not any better. Black outs and near misses driven by

inadequate supplies, regional transmission constraints and spiking wholesale

prices have been making headlines nationwide.
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At the retail level, we have a patchwork of regulatory structures, with about one

half of the states with de-regulation plans in place and the other half not even

considering deregulating electricity. We have a Balkanized wholesale electricity

market with price volatility and transmission constraints.

To understand the results of not squaring energy and environmental policy

simultaneously, we have only to look to California, which is experiencing the first

wind damage of the coming storm. Californians needed power but they were

unwilling to approve the construction of new plants or to pursue aggressively

conservation strategies that consumers would adopt Due to environmental

restrictions, no new power plants with significant capacity have been built in

California in the past decade.

1 hey wanted to have their cake and eat it too; abundant supplies of low-cost

electricity but no new plants. They now know what happens when a booming

economy and increasing population runs smack into a decade long freeze on

new generation and transmission facilities. It's not deregulation (although their

version is flawed) that is at fault but simply an imbalance of supply and

demand-Economics 101-that has created the current problem.

The way forward requires a coordinated national energy and environmental plan

that promotes investment in new technologies; new oil and gas production,
building of new state-of-the-art coal and gas plants and de-bottlenecking of

electric and gas transmission.

A balanced policy also must include comprehensive environmental requirements

for older coal-fired power plants and emission guidelines for the life of new

plants. It must include incentives for renewable energy and energy conservation.

It has been almost 23 years since the passage of major energy legislation, which

came on the heels of the Arab oil embargoes of the 1970's and more than two

2
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decades of failed federal price regulation of natural gas. It is critical that we

avoid polarizing rhetoric and face-up to the tough trade-off between the

economy, environment and energy demands.

Clarity at the national level is desperately needed and the new administration and
Congress have the opportunity to harmonize our twin goals of a clean

environment and adequate energy to fuel our economy. Failure to do so

guarantees that the coming storm will continue to strengthen and hit full strength.

James E. Rogers is Chairman, President and CEO of Cinergy Corp., one of the
nation's leading diversified energy companies. He is a member of the Executive
Committee and the Board of the Edison Electric Institute and Chairman of the
.heir Environmental Policy Committee.
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e A diverse fuel mix helps to protect companies and consumers from contingencies such as fuel unavailability, price
fluctuations, and changes in regulatory practices. It also helps ensure stability and reliability in electricity supply. Our
reliance upon abundant, North American sources of energy to generate electricity strengthens national security.

i The use of electricity has grown dramatically in the last Our Nation's Economic Growth
50 years and mirrors the equally robust growth of the B Closey Linked to Eectricity,
gross domestic product (GDP), the nation's gauge of
economic health. While the overall intensity of energy use _ _

has decreased by more than 40 percent since 1960, the '
intensity of electricity use in the U.S. economy measured
by electricity consumption per dollar of real GDP) has
increased by more than 25 percent over the same time
period. Today, electricity powers industrial machines, ,
tools, computers, and appliances. Its versatility is unpar- , ,, , -------
a.leled, and its substitutes are few, if any. I" ' ,' 'I .S M

*s- US D-t -0 Co w 9-_ d i-of Ew 5 W_ bt_-

* Low-cost, reliable electricity results, in part, from our ability to utilize a variety of
readily available energy resources-coal, nuclear energy, natural gas, hydropower tt 3s
and, to a lesser extent, other renewable resources (solar, wind, geothermal, and 1
biomass), and fuel oil. The variety of fuels used to generate electricity depicts
diversity. Fuel diversity is also reflected in the fact that certain fuels are more

Gasreadily available in certain regions of the country-hydropower in the Pacific gs
Northwest, natural gas in the Southwest, and coal in the Midwest, for example.

B Energy production and efficient energy consumption are important for economic \
prosperity. As such, regulatory policies must be created and implemented with an
eye toward their effect on the electricity sector and the hearth of the economy as a
whole. Otherwise, efforts devised with little, or no, consideration for the impact Current
upon electricity and economic growth will have the unintended consequence of Generation Mix
limiting the flexibility and diversity of fuels that have led to low-cost electricity. ir d 1 dr o ndJ

3. The conflicts arising between regulatory policies and the activities needed to ensure the continued availability of
low-cost electricity can be addressed in a manner that minimizes the unintended consequences on energy produc-
tion and use. Other national priorities - such as environmental protection, public health, and the proper steward-
ship and conservation of our nation's lands and finite resources - can be met through the use of market-based
mechanisms, technological innovation, and the coordination of multiple, crosscutting regulatory requirements.
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Maintaining a diversity of supply options is key to affordable and reliable electricity. Policymakers
and regulators should work together to reconcile conflicting energy, environmental, or other
public policy goals. They should promote initiatives that capitalize on all of our nation's abundant
natural resources. They should address challenges that limit the development and viability of fuel
sources. Finally, they should implement a national energy program that

1 Maximizes the diversity of fuels and technology options available for the generation of electricity

I Examines a comprehensive approach to the implementation of environmental regulations in
order to reduce compliance costs and regulatory uncertainty.

iB Promotes the development of technologies to improve energy efficiency, to enhance energy
conservation, and to increase the environmental performance of fuels in the generation mix.

I Places an emphasis on market-based approaches (e.g., trading programs or results-based
approaches), rather than on specific technology or prevention processes, to achieve important
environmental or other societal goals.

* Removes barriers to siting electric generating stations, transmission lines, and gas pipelines.

I Revamps the process for licensing and relicensing hydropower facilities.

I Focus'es the nation's tax policy on bringing new and advanced energy technologies, including
electricity generation technologies, to the marketplace.

a Establishes clearly defined decision making processes that will ensure the timely resolution of
conflicting policies among various government agencies.

Now more than ever, a sound energy policy that promotes stability, affordability, and reliability of
electricity requires a diversity of fuels and technology options and the adoption of policies that better
achieve low-cost electricity supplies, attainment of environmental goals, and economic prosperity.
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Piecemeal Agenda

*NOx * NSR enforcement initiative
· PM2 5 NAAQS
* 8-hour ozone NAAQS
* Regional haze
* Section 126 petitions (8-

hour ozone NAAQS)
* Air quality related values
* NOx NAAQS revision
* NOx TMDL
* Waxman-type bills
· Future NAAQS revisions
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Piecemeal Agenda

* Mercury . EPA rulemaking
* Hg TMDL
· Urban air toxics program
* Waxman-type bills
* State programs

· CO,*C02 Kyoto Protocol
* Rio Agreement
* Waxman-type bills

,§~ ~~·* CAA regulation of CO2
0
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Piecemeal Agenda

* New Source Review * Restrictive policy
* Lawsuits
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Piecemeal Agenda

S* , * NSR enforcement
initiative

* PM2.5 NAAQS
* Regional Haze
* Section 126 petitions

(PM2.5 NAAQS)
* Air quality related values
* Short-term S02 NAAQS
* Waxman-type bills
* Future NAAQS revisions
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Fuel Mix for IOU's
Source: RDI PowerData Database run 2/09/01

Nameplate
Capacity PERCENT OF

Holding Company Name _MW FUEL TOTAL

Allegheny Energy. Inc. 3,416.76 COAL 80.3%
Allegheny Energy. Inc. 840.24 HYDRO 19.7%
Allegheny Energy, Inc. 4,257.00 TOTAL 100.0%

American Electric Power Co., Inc. 26,363.77 COAL 67.8%
American Electric Power Co., Inc. 8,624.86 GAS 22.2%
American Electric Power Co., Inc. 836.78 HYDRO 2.2%
American Electric Power Co., Inc. 2,967.88 NUCLEAR 7.6%
American Electric Power Co., Inc. 59.39 OIL 0.2%
American Electric Power Co.. Inc. 6.60 WIND 0.0%
American Electric Power Co., Inc. 38,859.28 TOTAL 100.0%

Cinergy Corp. 10,213.34 COAL 86.0%/
Cinergy Corp. 1,045.10 GAS 8.8%
Cinergy Corp. 64.80 HYDRO 0.5%
Cinergy Corp. 555.93 OIL 4.7%
Cinergy Corp. 11.879.17 TOTAL 100.0%

DTE Energy Co. (Detroit Edison Co.) 7,709.38 COAL 59.5%
DTE Energy Co. (Detroit Edison Co.) 1.486.95 GAS 11.5%
DTE Energy Co. (Detroit Edison Co.) 969.60 HYDRO 7.5%
DTE Energy Co. (Detroit Edison Co.) 1,166.00 NUCLEAR 9.0%
DTE Energy Co. (Detroit Edison Co.) 1.531.65 OIL 11.8%
DTE Energy Co. (Detroit Edison Co.) 91.07 WASTE 0.7%
DTE Energy Co. (Detroit Edison Co.) 12,954.65 TOTAL 100.0%

PSC of New Mexico 1,040.58 COAL 63.3%
PSC of New Mexico 154.00 GAS 9.4%
PSC of New Mexico 429.39 NUCLEAR 26.1%
PSC of New Mexico 20.00 OIL 1.2%
PSC of New Mexico 1,643.97 TOTAL 100.0%
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FUEL MIX FOR PSEG UNREGULATED SIDE

Public Service Enterprise Group, Inc.

MW PERCENT
COAL 2.161 18.2%
GAS 4.404 37.0%
HYDRO 211 18%
NUCLEAR 3,087 26.0%
OIL 2,030 17.1%
TOTAL 11,893 100.0%
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States served and Number of Ultimate Customers
by Utility (1999 data)

AEP Cinergy

Number of Ultimate Customers: 4,799,542 Number of Ultimate Customers: 1450,680
States served: States served:
Arkansas Indiana
Indiana Kentucky
Kentucky Ohio
Louisiana
Michigan
Ohio
Oklahoma
Tennessee
Texas
Virginia
West Virginia

Scurce: EEI Catalogue of Investor-Owned Electric Utilities and the EIA-861.
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DTE (Detroit Edison) Public Service Company of New Mexico

Number of Ultimate Customers: 2,078,607 Number of Ultimate Customers: 361,384
States served: States served:
Michigan New Mexico
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Allegheny Energy Public Service Enterprsie Group (P

Number of Ultimate Customers: 1,414,264 Number of Ultimate Customers:
States served: States served:
Maryland New Jersey
Ohio
Pennsylvania
Virginia
West Virginia
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ated, forming the first federal government entity
dedicated entirely to regulating and enforcing userei
environmental laws. en

1970 The Clean Air Act is enacted, setting moresults in in N,

stringent air pollution standards. It establishesnergy
new primary end secondary standards for am- Iros Ullrh
bient air quality, sets new limits on emissions NaUugi Gl,
from stationary and mobile sources to be en-
forced by both state and federal governments, 1978 The Eu.J53 The first practical nuclear 1961 The first gas turbines are placed and increases funds for air pollution research.tor s p ut increasevd cfor air p ereactor is put into service - into service as stationary power and e rohf Iu.r a sbmarind. Ma oniy soale an

for a submarine. It is only a sources by U.S. utilities, opening the 1973 The price of oil soars as anmatter of time before nuclear door to another fuel source for the Arab oilembargo begins, pre-
pritat io ebuilding of these pla newtisenergy is approved for elec- nation's energy supply. cipitating enactment of a va.~~~~~~~~~~~~~~~~~tricitl~"y generation. riety of federal laws on enr-eurs

1963 Jersey Central Power and Light Company ergy security and efficiency. paseo1954 The Atomic Energy Act al- announces its commitmenrfor Oyster Creek The embargo also results in in199 A
creased demand for alternate energynuclear reactors, paving the- , plant is ordered as an economic alte sources, particularly nuclear energy. are,

way for nuclear power plants to a fossil fuel-fired plant. This action opens 1973 The Emergency Petroleum Allo 1979 0~~~~~~~to be built. ~the door to a vast resource for electricity cation Act imposes controls on stil
generation,57~~~~~~~~~ T Picrude oil and petroleum products.

1957 The Price An er- 19G3-1967 Aseriesof'limitedfed1 11973 Utilities order'41 nuclear powerson Act.se.ts limits to ernl air pollution control laws plants, a one-year record and a move1plant liability for are passed, introducing regu- plants, a one-year record and a move
damage to the pub-; encouraged by the U.S. government.damage to the pub-- latory controls aimed at util- Few of the plants are actually built.
lic, and thereby pro- ity plants. are actually buil,

~ ~~ vmotes nuclear n. e- 1975 Thirteen nuclear
m velopment. projects are cancelled due~~~~0M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' - ,. ee to increased costs and de·

oC~~I~1~~' creased electricity de.
CIfl I P~~~~~~~~~ 1 P-- ~~~~~~~~~s~~~s ~~- mand. Many state agen.

cies that reaulate electric
f. J11 ity rates do not favor the

building of these plants.
55 ''5 57 '58 '5.9 1960 '61 '62 '63 '0i, '(5 'ti6 '(7 'bd '0. 1970 '71 "1: "/:1J / -



'19,.. .e Pu lic Utility Regulatory Policies Act (PURPA) is enacted, requiring 1990 Cloan AH, Act amendments mandate addl- 1998 Presid nt Cliriton signs the Kyoto Protocol, which, utilities to buy power from qualifying non-utility generating facilities that tional pollution controls that set limits on the would obligate tt1e U.S. to a 7 percent greenhouse gasI use renewable energy sources or cogeneratlon. PURPA also facilitates the amount of a pollutant in the air anywhere in the emissions reductiontarget below 1990 levels. If the U.S.increased use of natural gas and encourages development of renewables. U.S. All states must develop state Implementl- Senate w re to ratify the Protocol, the U.S. generation
1978 Th Ntural Gas Policy Act decontrols the prie of most gas drilled tion plane (SIPs) to explain how they will mix:is pro cted lo be altered significantly.

fter 1977 and leaves controls on "old gas" found before then. Price con- achieve the DOE unveils 'Wind Powering America,"trols on th old gas end all remaining gas were phased out by 1993 by the 990-1991 Iraq invades Kuwait, an oil-ilch nl- an nitiatiie to support the growth and develop-Natural G s Wellhead Decontrol Act of 1989. tion, an action that results in higher oil pricea. me t of wind power in the U.S.
1978 The En rgy Tax Act encourages conversion of boilers to coal, as wel Op on Desert1999 TEPsue sv sharholder-ownd, col-as invest ant in cogeneration equipment and solar, wind, geothermal, d the U.N. to foutliies and the Tennesse lley Author-and other renewable energy technologies. fro Kuw it , ; ty, g volaon heNwSourceeviewSti ry, iegin§ violations ortho New Source Review
1978 The Powerplant and Industrial Fuel Use Act (repealed in 1987) prohlb- 1992 The Energy Policy Act is eracted to Pr ram under the Clean AirAct and putting fur-

its new utility plants and industrial boilers from burning oil or gas ahd address a broad array o energy-related the pressure on coal-based generators.
requires existing plants to phase out use of those fuels by 190. (Gas 1999 dwards Dam in Maine is breached (torn
ph'se-" ouw as dropped in 1981.)* phase-u was dropped in 1981. 1993 Commercial production of vati- do n), marking an effort to reduce the number

s in in- 1979 majoraccidentoccursat Unit2oftheThreeMilelslandnuclear able speed windturbines begips f sms used to generate electricity. The'energy lahtnearHarrisburg,Pennsylvani.Nonewnuclearplants .i in the U.S. By 2000, wind powler relicensing of hydroelectric facilities is one
energy. are ordered or built after this.accident . is established as 4 reliable source me henism being utlized to reduce the use of

~~~~~I , ~~~. : ~, -~ !of renewable energy. WorldwIde rphyropwer . Between 1999 and 2010,228 hydro-um Allo- 1979 Oil prices jump, this time due to an Iranian revolution, re- o of e pfaste sower projects face relicensing.rols on suling in pressure to reduce oil use for power generaeti on. astes w p ctsfacerelcensng.
roso suginpesetoducts.e o oe gnrto, sources of electricity production t000 he Nuclear Regulatory Commission1980 The first U.S. wind farm is built in New Hampshire. on apercntage basis. approves the first renewals, for 20-yearlear power p e r s o , r

and a move 1980 The U.S. Synthetic Fuels Corporation Act is cre- 1991 OE unveils of nuclear power plant operat-andIng 
licenses. Calvert Cliffs in Maryland

lovernment. ated to encourage development and production of its millionlicenses. Clve Cliffs in Mrylandits ~million becomes the first to be relicenoed.illy built. synthetic fuels (repealed in 1986). solar roofs.

initiative in a 200 A federal appeals court upholds EPA's
nncelleddur Waste PolicyActdi- federally NO, SIP call rule in 19 of the 22 states

oss and de- W rcts OE to build a 1986 The Eleatric Consum rs Protection Act contains the first sig- funded covered by the regulation, maintainingosts and de- recta DOE to build aI
geological rposi nificant amendments t) the hydro-licensing provisions of the: attemptto pressure on coal-based generators toctrlcity de- i geological reposi-

state a.en- | tory for high-level Federal Power Act, a 135 law giving the Federal Energy Regu- encourage further decrease nitrogen oxide (NO.)
ate electric- nuclar waste The latory Commission (FEFC) broad authority over interstate trans-' renewable emissions from coal-based power plants.

m ot favor the ban on reprocessing mission and sale of wh lesale electricity. energy use in zo01 Natural gas prices continue
se plants nuclearfuel is lifted.every day to reach historic highs, contrib.

78 79 1980 i 8 283 8 a eppllcatlohs. uting to spikes in electricity and
'783 '79 1980 '81 'B2 '83 '84 '85 86 '87 88 '9 1990 91 '2 '93 '94 '95 '96 '97 '9 '99 2000 ' home heating costs.
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Steam still generates most of the world's electricity. We burn coal, gas and

oil, and use nuclear power to turn water into steam to drive turbines which

produce electricity. Even larger quantities of gas and imported oil are being

consumed for other energy requirements including transporttion. Burning

fossil fuels can be very expensive and taxing to the environment Oil

accounts for over half of our entire balance of payments deficit. .. more tban

a billion dollan a vwek ifinrrign oil importr... up the chimney out the

tailpipe and into our atmosphere.

BA C K G R O U N D

There is a cleaner, more economical, and much safer way to generate lec-

tricity. The Gas Turbine -Modular Helium Reactor (GT-MHR) is a new

turbine generating system powered by a passively-safe nuclear reactor. It

eliminates the need to make steam to produce electricity and frees us from

the pollution and waste of fossil-fucl generating plants. It could also help to

reduce our billion dollar a week deficit for foreign oil.

THE FUTURE

By capitalizing on late 20th century technologies, the GT-MHR achieves

high cfficiency with a compact operating system and elegant simplicity. The

gas turbine power cycle is far superior to the century-old steam plant tech-

nology employed in all other nclear plant designs. The super-safe

GT-MHR power plant includes one or more modular units in underground

silos, each containing a reactor vessel and a power production vessel.

WHY IT WORKS

Because helium is naturally inert and single-phase, the helium-cooled reac-

tor can operate at much higher temperatures than today's conventional

nuclear plants. The higher the turbine's operating temperature, the more

efficient the plant becomes... mandated by the laws of thermodynamics.

To this is added the efficiency of the helium directly driving the turbine,

instead of having to go through a large heat exchanger to produce steam.

DESIGN SIMPLICITY

The combination of the MHR and the gas turbine represents the ultimate

in simplicity, safety and economy. The reactor coolant directly drives the

turbine which turns the generator. This allows costly and failure prone

steam generating equipment to be eliminated.

* No corrosion-caused laks

* No corrosion-caused reduction in operating life

- No stress corrosion-caused structural failures

584
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The GT-MHR combines ---

a meltdown-proof reactor 
C

and advancedgas turbine SWI cA

technology in a power
plant with a quantum
improvement in thermal

e ciency. .. approaching
50%. This efficiency

makespossible much Tu I

lower power costs, with-
out the environmental 

S!,TW MAr

degradation and resource
depletion of burning ...

fossilfuels.
*mlcoot svmm

EFFICIENCY FROM THERMODYNAMICS

Conventional, low-temperature nudear plants operate at about 32%
thermal effiency. GT-MHR power plants ca achieve thermal effi-
denices of dose to 509% now. and even higher efficiencies in the future

° 50% more dectrical power from the same number of fssions

Dramatically lower high-level ralioactive waste pes unit of energy -
today's reacors produce 5096 more high-level .'ste than will the
GT-MHR.

* Much less thermal discharge to the environment Plants can use
air cooling.
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THE SIMPLICITY OF THE GAS TURBINE AND THE HELIUM REACTOR

PROVIDE THE NEXT GREAT STEP IN NUCLEAR POWER

PLANT DESCRIPTION

The entire GT-MHR power plant is essentially contained

in two interconnected pressure vessels enclosed within a

belw-ground concrete containment structure. The larger Ho_
vessel contains the reator system and is based on the _U_ A Uo

steam-cycle MHR which has been under development as T AL

part of the US. Departmnent of Energy's Modular High __ fcI .

T-mperarnre Gas-cooled Reactor program.

The second, smalles vessel contains the entire power con-

version system. The rtubo-machinc consuts of a gencrator,

tuzbiDe and two comprssor sections mounted on i single

shaft rotating on magnetic bearings. The active magnetic

barings control shaft stability while eiminating the need

for lubricants within the primar system.. The vessd also

contains three compact bheat exchangers. The most impor-

tant ot these is a 9596% effective platc-fin recupcrtor, which

cuve's turbine cxhaust beat and boosts plant efficiency

finL 34% to 489%.

As an added bencfit, the GT-MHR also has the potcntial a " tF

to consume weapons-gradc plutonium as fuel to provide
electrical energy.

6t d te&- W-r&

:'I RVF o _ 'la-m
dI( A and
G= PooP.sv

Camsnun J lo

M sPMO0 58

M-W. ItDO
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HIGH EFFICIENCY AND PLANT SIMPLICITY PRODUCE

LOW-COST ELECTRICITY AND MINIMIZE WASTE

ECONOMICS

- Dramaic system simplification combined with high efficiency results in impressively low
power costs, even competing with those of natural gas-fird, combined-cycle systems.

- Fewer systems and fewer parts significanly reduce the complexities of conventional
reactor systems.

* Modularized, factory-controlled, serial

production ensures industrial-type econ-
omy based o- established learning curves,
rather than elusive economies of scale.

· Simple systems based on passive and
inherent safety characteristics and slow
transient responses mean simpler licens-

ing and reduced staffing needs.

CONSERVATION

T.I- GT-MHR technology can help
rcaJucc fossil-fuel usage four ways:

* Nudear-generated ectricity saves
fossil fuels.

* High temperature haracteristics make
tb- MHR ideal for supplying high-grade
thermal energy for oil and gas-intensive
industnal processes.

Waste heat is at the ideal temperature for
use in disrict heating. SYSTTM THAT ARE

LUMLuATnD ar OT-MHR
Inexpensive electricity can be used to charge electric vehicles, further saving gas and oil.
Ultimately, the MHR'I high temperature capabilty will make hydrogen and methanol
economically attractive for transportation uses.

THE ENVIRONMENT

* The GT-MHR is free of the cmissions associated with burning fossil fuels

* Radioactive emissions from helium-cooled reactor plants are lower than those from
comparably sized coal-fired plants.

* The MHR spent fuel characteristics result in substantially reduced proliferation risks.

* Worker radiation doses are only a fraction of those from today's nuclear power plants.

* MHR thermal discharge to the environment is low, due to the system's high cfficicncn
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THE ROBUST, CERAMIC FUEL RETAINS ITS INTEGRITY EVEN UNDER THE MOST

SEVERE ACCIDENT CONDITIONS AND SIMPLIFIES THE SAFETY EQUATION

A SIMPLER. MORE RATIONAL WAY TO THINK MumpLu lAYRS Of TOUGH, HIGH TIMPn ATUI TOUl-
ABOUT NUCLEAR SAFETY: FOUR LEVELS ANT PTYOlYnc CABCOS4 AND SuICON CARItSo CONRNI
OF SAFETY' TH1 RADIOACnVt FrSSION PRODUCTS AT TITHF SOUk t ,
Lrd .l. IN TIH CMNTIt Of T« FUIl. PARTICU.

No hazardous matcrials or confrned energy

sources.

Lvel : Pyrolyic Carbon

No need for active systems in event of

subesytem filure. - Silicon Carbide

Immune to major stru ra!l failure

and operator error Porous Carbon Buffer

Lrl: 2:
Uranium Oxycarbide

No need for active systems in event

of subsystcm failure.

No immunity to major structiural

fi'.urr or operator error.

LvelJ3:

Positive response required to subsystem m2l-

function or operator error.

Defense in depth. No immunirty to major structural

Fadwe.

he MHR is the only reactor that meets the criterion of .

Lvd 1 I sety. Its design is derived from narural properties

of materials and optimum choice of reactor si2e, geometry

and power density. It can withstand the total loss of coolant

without the possibility of a meltdown - going beyond

-simply saying 'it is safe enough.'

lhe Chernobyl and Three Mile Island reactors fall in the

Lvel 3 category.

The Chernobyl power rnmawy was initiated by human

error which resulted in loss ofcoolant, which led to struc-

tural failre.

The Three Mie Island core melt accident was caused by

human error which resulted in loss of coolant. Core melt

caused radioactivity release from the reactor vessel but COATrED FUL PAuTIULSnc (TOP) RE

containment effectively confined radioactive release- cWO ISro run ITO S (atm Fr
AND INItsInD INTO GrPH runL

'Ddi.io dvcLnped by Pwfosor L.,r, ULdskt M m use s (t -
lntinu= Tdof .ol,

The MHR is the onl
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WHAT A LARGE NEGATIVE TEMPERATURE COEFFICIENT

MEANS TD SAFETY

The picture has captured a power pulse in a TRIGA

research reactor where the power incrased 4,000 times over

its normal operating range_ This intentional power increase

lasted only about one hundredth ofa second because the

reactor has a very large negative temporar coefficient

which naturally shuts the reactor down... guaranteed by

the laws ofnature.

Like other U.S. power reacxors, the GT-MHR has a nega-

tive temperature coefficient.

By contrast, Chernobyl had a positi reactivity coefficienr,

its teratunp e increase acted to intensify the fission reac-

tion, thus causwing a runaway.

SAFETY: THE EFFECTS OF DECAY HEAT

Dcay heat, resulting from the decay of fission products, is a

Fhenomenon in all ractors The heating does not stop

when the power is shut off, so having a negative temperature

coefficient is good but not enough.

The decay heat at Three Mile Island caused the reactor fuel

to mlt, even after the fission reaction had essentially

stopped, because of the loss of cooling water

The Modular Helium Reator's decay heat will not cause a

meltdown even if the coolant is lost. The reactor's low

power density and geometry assure that decay heat will be

dissipated passively by conduction and radiation without

ever reaching a temperature that can threaten the integrity

ofthe ceranmically-coated fuel partides... even undes the

most severe accident conditions.

reactor that meets the criterion of Level 1 safety.
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THE TURBOMACHINERY AND HEAT EXCHANGER TECHNOLOGIES REQUIRED

FOR THE GT-MHR HAVE ALREADY BEEN DEVELOPED BY INDUSTRY

AIRCRAFT INDUSTRY EXPERIENCE

The MHR gat turbine uses the me technology a the
modern jet engine. However, in te case of the MHR its
design requirements are less demanding. Temperatures,
stresses and blade tip speeds are all far below those proven
in millions of hours of aircraft engine operation. Although
most of the components represent current tate-of-the-art
technology, additional design work is needed to integrate
them into the most economical and relible package
Supercomputer will aid in analyzing the dynaic of the
gas turbine power-producing module before the prototype
hardware is built This design approach is very similar to
that which went into the Bocing 747-400... which had to
work the first time.

Even more intriguing, the gas turbine uses the same tech-
aology which powers te 747. .. the modern jet engine_
Just as it replaced the redprocating engine for modern
world-spanning trav, so will the gas turbine rplace the
steam trbine to generate electicty.

RECUPERATOR EXPERIENCE

New plate-fin recuperators are highly efficient and compact
beat exchangers. The GT-MHR reeupentors will draw on
extensive experience forn the fossil-fiel power industry, Ri AT
including the consruction of sixty such units for large gas
urbLne plants.

W e Huu.m Tuaat,
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OVER 30 YEARS OF EXPERIENCE PROVIDE AN EXTENSIVE DATA BASE

Enianrd- Dywgm -1964 to 1976- This hcleum-cookd test

reactor provided early successul demonstration of the high

remperrture gas-cooled reactor.

Germay - AVR - 1966 to 198- This prototype helium

ractor operated successfiuly for over 20 years and provided

denonstration of 1740 F gas outlet temperature and keysafcy fe Dragon

features, including safe shutdown with total loss ofcoolant

circulation and without control rod insertion.

U.S. -Pcab Bottm - 1967 o 1974- This prototype helium

reactor achieved a rrnarkble 86% availability during the dec-

trcity produetion phase.

US. - Fet St. Vmb - 1979 to 1989- This reactor used water- '. AVR

lubricated ciculator bearings which resulted in firquent water

uyirss into the reacror system and caused significant down

time. In spite of a poor operating record, the Fort St. Vrain

coaled ful and reactor core worked exremely well Because of

the non-corrosiv nrture of helium, worers were exposed to

radiation doses only about 1% that of average water reactors Pa * h

Fort St. Vrain generated about 5 billion kWh. Bottom

GCrmmy - O&raueTn 2 -1975 rt 1987- This 50 MW dcc-

tnc turbine plant represented the evolutionary step from fossil-

nreJ gar turbines with air ri the working fluid towards the

.-alizarion of nudar powered helium gas turbines. Hdiurn

was used as the working fluid in a dosed-cycle process for dec-

tricity d heat production. The plant incorporated hat Fort

exchanger (recuperator, prcoolcz. intrcooler) of comparable i St. Vrain

:.e to those required for a 600 MW thermal GT-MHR

GCrrmw7 - THn --1985 o 1988- This helium-cooled]

nudear power plant goncrated about 3 billion kWh. Pordlcal

resitnce in the post-Chemobyl era predpicrted early

shutdown.

Rma - Various successful demonstrations of fuel fabrication ^ Oberhoueon

and fue irradiation performance.

Jaan - A high trnperanre helium-cooled test reactor is now

under constrcton.

TH TR
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INDUSTRY EXPERTS BELIEVE THE TECHNOLOGY REQUIRED

HAS ALREADY BEEN DEVELOPED

Now... a timely convsegence of four state-of-the-art technologies offers quantum improvements in

power generation efficiency and cost.

1. The helium-cooled rector in modules of up to 600 thermal megawatts matches the size of the

newest gas turbines, while maintaining the inherent safety characteristics demonstrated in the

steam-cycle helium-cooled reacto.

_'~~~~ whuique characteristic of the helium-cooled reactor is its high gas tempferaturet whichrb enables

efficient electrity generation directly frm a gas turbine generator in the reactor system nis

eliminates the needfor complex, astly and inefiient steam cyle equipment and result in the

most fficient and economic reactor ever. The meltdown-proof modular helium reactor takes fll

advantage ofover 30years and billions of dollars of gas reactor design and development.

MASK FOIssuEL, StNIOk VICe PleSIDENT (HEuuM RtACTroa), GINELAL ATOMICS

2. Ga turbinen using fossil fuels achieve high efficencies in aircraft and in electric power generating

stations. Higher operating temperatures and continually improving reliability have produced high

efficiency and low power cost. This technology is directly translatabe to a nuclear heat source with

helium as the coolant

3. Magnetic bearings are proving superior in diverse applications, including natual gas pipeline

pumping stations. Magnetic bearings are essentially frictionless and provide longer equipment life.

The GT-MHR turbomachinery is a logical application of our succesful jet engine and poer

turbine technology. Sizes are similar, and stresses, temperatures and pressures are ither less

demanding or comparable to those in our latest civil transport engines. Helium is an excelent

w oringfluid. Being inert, helium eliminates concern over oxidation and corrosion. Its properties

provide subsonicflow firds throughout the machine and eliminate the complexities of transonic

and rupersonic floso in the blading.

The GT-MHR magnetic bearings are a modest extension of existing in-service technology.

They are essentiallyfrictionless, and provide automatic and adjustable dynamic dampening and

on-lfne monitoring resulting in improved performance and reliability. Of partiular importance

is the elimination of oil-lubricated bearings and the potential ingress of oil into the workingfluid

All things considered, we think the GT-MHR is a highly rational practicable and economic

approach to the next generation of nulearpooerplants.'

TA. Donomtr GCEaA MANACE AwmDVArC TEFCOWocy OErIAToIS, GErIuAL ELZClC

4. Compact plate-fin recperators developed for fossil-fired applications are capable of achieving 95% effectivenes

T7he recuperatorsfor the GT-MHR are about the same size as units toe have made for tbefossil

fuel power industry. Infact. we have made some 2 Y million units using this type of construction.

sixty of wich have been for large gas turbine plants. These sixty units utilize aroximately 1,000

individual brazd modules. GT-MHR temperatures are less demanding than units now in opera-

.ion, and efficiencis are within the range of units previously delivered Pressures are higher, but we

do not see that as a problem. The non-corrosive helium environment is very beneficial'

DLJ. A. Farmcas.CT, DllTros, RzesEAsc &TrcHoLocTr, AuLIEDSNAL ArmOSpACr
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.Nuclear Reactors Everyone Will Love
By PAL' E. GRAY site. cannot be tested in advance to ascer- in Long Island were more like .5,000 to

The American nuclear industry is its tain what would happen in a true disas- S6.000. primarily because of lotg delays
own worst enemy. By trying to push ahead ter. and extensive redesign during construc-
with vast costly projects that have been It Is possible. however. to design and lion. Operating costs of traditional nuclear
stalled by political opposition. it exacer build a series of small reactors that could plants are also much higher than those of
bates the irrational public fears that have produce the power ol a large plant. These modular plants would be. because the
blocked the development ol nuclear power reactors could survive the failure of corn- older type require very large statfs-T7
in the U.S. Instead, utilities should be ex- ponents without fuel damage and without people per plant-to oversee their Irvo-
ploring a new type of nuclear reactor that releasing radioactivity because their fuels luled safety systems. Modular reactors
recent technological innovation has put can withstand the maximum temperatures could offer much more safety with staffs
within reach: a reactor type that is envi- possible under the worst of circumstances. only half as big.
ronmentally sound and economically corn- Their design limits the power density of These new plants will not only be much
petilive. the reactor core as well as the actual size cheaper to build, but the added bonus of

This reactor type uses new fuels. new of the core. and exploits natural processes high efficiency means there wl be less
design methods to dissipate heat. and to remove heat and avert luel damage in beat to throw away. The plants will be
smaller units that can be built and tested the event ol a loss of coolant. easier to site because they cause less dam-
off-site. It has excited scientists and engi- Such "passively sale" reactors can be age to the local environment And, best of
neers world-wide. but industry and govern- designed to suffer the simultaneous failure all they will not do harm to the atmos-
ment leaders in this country-pessimistic of all control and cooling systems without phere.
about the public's willingness to accept nu- danger to the public. And their safety can These new reactor do not eliminate the
clear power under any circumstances-are be demonstrated by an actual test: a West waste disposal problem, but their ceramk
reluctant to adopt it here. That reluctance German modular reactor has passed such encapsulated fuel does simplify it. A fuel
Is wrong. It Is time lor all of us to take a tests three times. that can survive unscathed In a reactor
hard look at modular reactors.

It has become a commonplace to say -, , * L I -
that the nuclear industry In the U.S.. is It IS possible to aesign an build reactors that could
dead. and that its death looks like a sui- sunve the faiure of components without fuel damage
cide. The problems of Seabrook and Shore-
ham nuclear plants are persuasive demon- and utithout releasing radiootivity.
strations of that commonplace.

OU Spills and Garbage One of the most advanced of these mod- core during an accident is obvousty se-
But oil spills. undisposable garbage. ular reactors is under study at the Massa- curely packaged for disposal under more

polluted beaches. and-above all-steadily cusetts Institute of Technology. It Is based benign conditions talbelt at the cost of a
increasing atmospheric pollution from tos- on the West German reactor that has dem- signficant Increase In waste volume .
.'I fuel are persuading many political lead- onstrated Its safely. but adds several tech- Many of the problems associated with the

ers to review their prejudices about nu- nologies in which the U.S. still has a corn- high temperature achieved by the fuel of
clear energy. Americans who want a pelitive industrial edge. The hot gas that the current generation reactors are ellml-
clean, safe and domestically produced en- leaves the reactor is ased directly to spin a nated and the potentlal for burial In deep
ergy source should follow-especially be- turbine (based on aerospace designs). geological sites Is enhance This same
cause all the practical alternatives to nu- which. in turn. drives a small. very high feature also makes It much more diffcult
clear power present grave hazards to pub- speed generator (based on power elec- for the discharged fuel to be processed to
Ik safety and health. The perceived risks tronics . This conbination results In a produce unauthorized nuclear weapons.
of nuclear power are grossly overesti- power generating system that Is substan- NU Operating RLsk
mated and usually stated without refer- tally smaller and more efficlent than cur-
ence to the bazards of other energy rent LWR systems. which are based on less er. modulha reactors w l produce
sources. steam turbines and low-speed generators. to SJ "e than pt esetreactowerd o: ot

There are. however, two major prob- By virtue of its Inherent or passive put c150 raw electrl po out-
lems with the present generation of water- safety features. this small. gas-cooled re- ompred with 1000 to 1500 mega-watts, but this dfticulty can be overtome.cooled reactors. The light-water reac actorctors eliminates the complex. active safety w netssary, by intg together a numbe
or LWRs as they are known to engineers. systems needed by current LWRs. The gas f ndividu
used In nearly all the plants In operation or turbine eliminates the complex. hasto- ls S e ea mdule wou dent
under constnrction In the United States, maintain. steam generators common both and cetly built. lceslng could be
place heavy demands on their builders and to nuclear plants and ordinary fossl-fired standaried and based ui e
operators. The risk they pose to public power plants. The result Is a power plant tg o an etua plan Ths an enorm
safety is an accident involving loss of cool- that produces electricity not only at lower ad ge It would allo actual demon-
ant that could lead to the nelting of fuel cost than nuclear reactors (an easy tar- sant o te urect ls' response to severe
elements and the subsequent release of ra- get . but that is competitive with the pro- ad demanding hat'zrd
dioactlvity. The safely systems for these jected cost of next-generation "clean" Wih an opering r that s rtual
light-water reactors are extremely compli- coal-fired plants. Power from such coal nl and the production d sigiicanty less
cated. These safely systems require ex- generators. the Department of Energy cal- adctivity n te eo d c siment ian coal
plicit anticipation of all possible forms of culated in 1986. would cost an average of wiedct ent tn

fab~~~~ilure and they must ne ~ cnbebogt omrfired electric power pluants secnd-genera-lailure and they must necessarily rely on 5.5 cents per kilowatt hour. Power from n tk ocla poe 4 ld be a rnaor
probability analysis. In a world in which modular reactors can be brought to mar- ource o enir entally soud energy
probability is not widely understood. such ket for .5 cents per kilowatt hour. s oure d ronentally aand ener iT
analysis is Iot reassuring to most of the These savings can be realized because lturl of y take g adoand te nuleThblse savings can be thoda lzed because allure of the government and the Auclearpublic. While these methods lead to mar- the new plants will be made to a stigle. dusry to prde aersp n devel
gins of safety that are quite acceptable. prelicensed design in central lactories. Ing a second gneration o power plants
Americans remain, for the most part. Construction costs are estimated to be less ed on th
skeptics than 11.000 per kilowatt of electricty. a de ve en h already

The second problem is that light-water Costs per kwe for the Seabrook reactor in
reactors. which are custom-made at the New Hampshire and the Shoreham proect tMr. Gray is prsident o/the MLq(a3

sells Institte of Technology
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US Needs Fresh Approach to Nuclear Energy
tory requirements and the need desolg, helium reactor tech- with the plutonium, It is nsuffi- public would prefer reactors that
for premature replacement of ma- nology, Is currently being done by clent because It only gets the plu- are sited underground and are

B Edward TelUw jor systems, such as steam gener- General Atomics of San Diego. tonlum out of sight. It does not less subject to . terrorists and

ator, have undermined public The first work on the technology destroy It. We should not be seismic events.
confidence and nuclear power's began in Russia In 1949 and sub- happy with any plan In Russia that I believe the public would like

HE nuclear-power Indus- competitiveness. Finally, there stantial advances were made in leaves plutonium where It can be to see reactors for the future that
try in the United States is are concerns about radioactive Germany through the '60s, '70s, dug up and reconstituted Into are built substantially in factories
currently In a hiatus. The wastes with half-lives of thou- and '80s. weapons. lkewise, the Russians with factory cost- and quality.

primary reason for this Is rooted sands of years and nuclear prollf- Improvements of this kind should not be satisfled with a plan control. Such reactors would be
In the Industry Itself. The nuclear ertion questions. should help the public acceptance that does not destroy US pluto- more economical than and can
industry has had the technical ca- In the face of this history and of nuclear reactors. Indeed, they nium. ultimately replace present reac-
pabllity to make reactors that many Justifiable concerns, some are needed to offset the consump- And no one should be satisfied tors, which use 60 percent more
can't melt down. But It has not people have suggested we should tion and emissions of millions of with any plan that does not take nuclear fuel resources, create 60
done so. simply abandon nuclear power. I barrels of Imported oil and bll- advantage of the huge energy po- percent more waste, and exhaust

Why has the nuclear industry believe It would be shortsighted lions of cubic feet of natural gas. tentlal of the plutonium, which 100 percent more thermal energy
nol pushed more vigorously in and foolish to do so. There Is another reason why can be captured even s the pluto- to the environment
the direction of the low power With the best second-genera- the world cannot turn Its back on nlum is destroyed for all time. The nuclear-power Industry
density technology that makes tion reactor design we have This destruction should not has made great contributions
this possible? Mostly because of the ability to address virtu- I rely on constant reprocess- worldwide to reduced reliance on
the lack of public and Institutional ally all of the concerns Ing. It should be destroyed Middle East oil and reduced toxic
support, and the huge existing about nuclear power. In Frst-generotlon reactors have as totay as possible n one emissions to the environment.
Investment In first-generation meltdown-proof, reactors, had problems. The best second- cycle. This Is the most decl- The public must be brought to
reactor technology. There has the power desity Is low and asign can address ve way of dealing with sur- appreciate this and recognize the
also been concern that the cost of the reactor size is such that on e plus plutonium. i I t Is not Importance of energy to produc-
meltdown-proof safety character. there is not enough heat virtually all of the concerns obout dealt with in such a manner, tivlty and Improved living stan-

istics could not be Justifed. available to fail - even dur- nuclear power. this material can fall Into the dards.
These factors have made the Ing an accident Involving wrong hands. Even the Club of Rome now

industry and the government re- complete loss of coolant. Growing world-energy believes the world is headed for

luctant to pursue quantum Im- The tiny high temperature requirements, prticulary in serious energy problems because

provements In reactor designs. As tolerant ceramic fuel particles nuclear power. Hundreds of tons the third world, must also be dealt of Its reliance on fossil fuels. I
a result, the world Ls struggling encapsulate and contain the prod- of uranium and plutonium exist In with, lest the third world be rele. believe we must rally our lntelec-

with acceptance of 30-year-old ucts of fisalon. In case of an weapons and they are becoming gated to consuming huge tual and technical resources and

technology and, at the same time, unplanned Increase of tempera- surplus. The arms agreements, amounts of rreplaceable fosil fu- delver the best nuclear power

proceeding along two dangerous ture, the reactor shuts Itself calling for the destruction of tens els, ripping down Its forests, or possible to ease this problem.
paths: excess reliance on Middle down. of thousands of nuclear weapons, fighting for resources that are The nuclear Industry's current

East oil and on currently Inexpen- Siting the reactors under- create this situation, and an In- fundamental to chilized progr.es fixaton on reactors that repre-

sive natural gas. ground enhances security and credible opportunity. In my opinion the best aterna- sent the technical status quo, and
Like all energy sources containment features. These fac- The opportunity is to destroy tive, the key to accomplishing the Department of Energy's lack

throughout history, first-genera- tors also effectively eliminate the uranium and plutonium from the these essential synergstic objec- of support of research and devel.
0 ti~Uon nuclear reactors have had risk to the public from potential weapons while providing much- tives, is completing the develop- opment of Inherently safe melt-

problems. The most obvious are sabotage, terrorist activity, or needed electricity. The best way ment of a trub modern, Inher- down-free reactors Is unworthy of

those of Three Mile Island and even overt milltry attnck. Modu. to destroy this plutonium is to ently safe reactor. I believe the the great American tradition of
Chernobyl. There are also the larizing the reactors and building burn (fission) It In new, safe melt- public would look differently at creating a better future through
problems of cost and schedule them in factories with factory down-proof reactors. reactors that could not melt down progress In technology.
caused by systems that re too cost- and quality-controls makes Some people advocate putting - compared to present reactors,
big, too complicated, and too their cost and schedules pre- the plutonium in glass logs and which cannot be without their U Edward Teler is a senior re-
onerous. High operating costs, dictable and minimal burying It. While this is a rela- coolant for more than a few sec- search feUow at the Hoover

J1 aggravated by spiraling regula- The leading work on one such ively Inexpensive way of dealing onds or minutes. I believe the Institution in Stanford, Cali.

Reprined with permission from the Opinion Page ot The Chdrllan Scdanc Monitor 01994
The Chrlsilan Science Publishing Society. Al rights reserved. January 31, 1994
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Executive Summary

The U.S. electric power industry faces major changes over the next two decades.
Initiatives to restructure the industry and provide greater competiton are proceeding both at
the federal and state levels. Because they can affect all aspects of companies' provisions of
electricity and other energy services to their customers, these competitive initiatives pose both
challenges and opportunities for the industry. At the same time, electricity and other energy
suppliers face the prospect of a large number of environmental and energy policy initiatives.
The most prominent initiatives relate to concerns about air emissions and global climate
change, but the initiatives involve many other areas such as cooling water intake, waste
disposal, relicensing of nuclear and hydro plants, energy facility siting, and drilling
constraints.

These various public policy initiatives could have substantial effects on electricity
costs and prices as well as on the fuels and technologies used to produce electricity. The net
effects of all of these initiatives, however, are difficult to predict. Studies tend to focus on one
initiative at a time. There have been a few recent reports that integrate assessments of air
quality and climate change policies,' but even these studies do not account for the potential
impacts of the many non-air initiatives.

A. Objective of This Report

The major objective of this report is to provide information on the large number of
potential polices that might affect electricity generation over the next two decades The
report fills an information gap because, to our knowledge, no single report considers the full
range of potential policies that might affect the electricity generation sector There are,
however, many useful studies of individual initiatives. Indeed, the major contribution of this
report is that it amasses all the information already developed on these various policy
initiatives into a single document. To provide a context for these potential changes, the report
also provides a brief overview of the history of electricity generation and fuel use.

B. Historical Information on U.S. Electricity Generation
and Fuel Use

Electricity generation grew substantially in the twentieth century, as can be seen in
Figure ES-1. The dramatic growth in electricity use reflects electricity's increasing usefulness

1 Prominent recent integrated studies have been performed by the Electric Power Research Institute
(EPRI 2000) and the U.S. Environmental Protection Agency (U.S. Environmental Proiecrion
Agency 1999a). Both of these studies assess the potential effects of climate change and air quality
policies.
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Executve Summary

Figure ES-I. U.S. Electricity Generation Growth in the Twentieth Century
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to households as well as its rising importance in industrial and commercial processes. Indeed,
as many studies indicate, growth in electricity use and reduced electricity prices have
contributed substantially to overall growth in the United States economy. (See, e.g., National
Research Council 1986, Dennison 1985.)

Electricity has been generated by a broad range of fuels that have provided cheap and
reliable power. The electricity generation mix includes coal and nuclear units that provide
baseload power-that is, power that can be supplied throughout the year at low cost-as
well as oil or gas powered units and hydroelectric facilities that provide power in peak
periods. This peak power is more expensive on a cost per kilowatt-hour basis but can be
called on at short notice to provide the added power needed on very cold or hot days when
demand is greatest Figure ES-2 shows the electric fuel mix in the US. over the last half-
century- Approximately 50 percent of generation has been fueled by coal, with nuclear, gas,
hydro, oil, and non-hydro renewable sources accounting for the other 50 percent of fuel use.
This mix has been quite stable over approximately the last 50 years, with nuclear comprising
an increasing share and oil a decreasing share in the last two decades

2 Fuling ectriciy Growtb fora Growing Economy
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Executive Summary

Figure ES-2. Electric Generation Fuel Mix over
Approximately the Last Half-Century
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C. Impact of Policy and Regulatory Initiatives over the
Next Two Decades

Future regulatory and policy initiatives would influence the electricity generation fuel
and technology mix and would affect electricity costs and the overall economy.

I. Impoct on Electricity Generation Fuel Use

Table ES-1 lists the types of energy and environmental policy initiatives reviewed in
this report (detailed policies are listed in Chapter Ill) and rough indications of their potential
impacts on use of the various electric generation fuels/technologies. A positive sign (+)
indicates that the initiative would positively affect the use of a given fuel, while a negative
sign (-) indicates a negative impact. The number of signs (ranging from one to three)
indicates the potential importance of the policy to the particular fuel. No entry is provided
when a fuel is not affected or the impacts are generally similar for all fuels.

These rough impact assessments suggest that most fuels would be subject to both
positive and negative influences under these regulatory initiatives- The overall impacts on
each fuel type can be summarized as follows:

Fueling Electriciy Growrh for a Growing Economy 3
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Executive Summary

Table ES-I. Potential Qualitative Impacts of Regulatory Policies on
Electricity Generation Fuels in the Next Two Decades

Natual Non-Hydro
Coal Gas Nuclear Hydro Rnewables

Ant QUAIUT
NO,
SO2
Mercury -

CLMATE CHANCE --- ++ + + + +

WAER QUALTY
Effluent Guidelines
Cooling Water

WAsT DSPOSAL
Solid/Hazardous
Nuclear

ENERGY POUIES
Hydro Relicensing
Nuclear Relicensing
Renewables Policy ++
Siting Generating Plants -
Siting Natural Gas Pipelines
Drilling Constraints

A minus sign (-) indicates that the policy would negatively affect the use of the given fuel for
electric power within the next two decades. A plus sign (+) indicates that the policy would
positively affect the use of the given fuel for electric power within the next two decades. The
number of signs provides a qualitative indication of the potential magnitude of the impact of
ahernative policies. Oil is not induded as a fuel because it is projected to account for less than
1 percent of the fuel mix

1. Coal-While coal's low cost and abundance could increase its utilization, current
regulatory initiatives generally would decrease coal utilization. The most signifi-
cant initiatives are the policies for air emissions and climate change

2. Natural gas-Natural gas currently is the fuel of choice for new electricity
generation and is favored by many regulatory initiatives. Several policies may,
however, limit the rate of natural gas expansion (pipeline siting and drilling
constraints) and the long-term availability of reserves (drilling constraints).

3. Nuclear-Some regulatory initiatives (particularly climate change policy) could
significantly increase nuclear utilization, while others such as relicensing, and the
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unresolved issue of nuclear waste disposal might reduce the generating capacity
available from nuclear.

4. Hydroelectric-Due to low variable costs, hydrodectric units are anticipated to
run at full capacity. However, hydroelectric relicensing may impose operating
conditions or constraints that reduce generation capacity and limit the periods
over which the units can operate.

5. Non-hydro renewables-Non-hydro renewables are expected to experience some
continued growth and a stable share of the fuel mix under electric power
restructuring. Several regulatory initiatives could increase utilization of non-
hydro renewables. These include climate change policies and policies directly
targeting non-hydro renewables.

These qualitative results can be supplemented with quantitative results for some of
the initiatives. Figure ES-3 shows the Electric Power Research Institute's (EPRI's) recent
estimates of the fuel mix impacts of three major regulatory programs (the Kyoto Protocol for
COz, the NOx SIP Call, and a 50 percent reduction in electric utility SO, targets from the
Tide IV level). As noted by EPRI, the impacts of Kyoto are particularly sensitive to
assumptions regarding the role of international carbon trading; the EPRI projections assume
that Annex I trading and non-carbon greenhouse gas changes shift the U.S. domestic Kyoro
target for CO, from 7 percent below the 1990 level to 9 percent above the 1990 level.

Figure ES-3. Impact of Regulatory Policies on U.S. Electric Generation Fuel Mix

4,500

S 3.000 - OHyd

Fuels in the figure are shown in the same order as the list. Projected impacts are based upon a
domestic Kyoto targer of 9 percent above 1990 levels (Annex I trading case), the NOx SIP Call,
and a 50 percent reduction in lcktric sector S0 1 emissions from Title IV limits.

Soure: Historical from U.S. Bureau of Census 1975, U.S. Bureau of Census 1999. Projcted from
Elctric Power Research Institute 2000.
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These results indicate the potential for large changes in the mix of fuels used for
electricity generation over the next two decades. Compared to the "business-as-usual"
scenario in 2020, coal would go from about 50 percent to around 10 percent, natural gas
would go from about 30 percent to approximately 60 percent, and renewables would go
from about 10 percent to approximately 20 percent (Electric Power Research Institute 2000).

2. Imfpct on Electricity Generation Costs and Rotes

These various policy initiatives could have substantial effects on the overall cost and
price of electricity. No comprehensive assessments are available for all of the initiatives,
although this report summarizes results for the individual policies.

Climate change is projected to have by far the largest impact nr electricity rates. The
Kyoto Protocol with Annex I trading is projected to increase 2020 elecric rates by about $30
per megawatt-hour (in 1999 dollars), which is almost a 45 percent increase over current
prices. (The impact would be almost twice as great with no international carbon trading and
about one-third as great under complete international carbon trading.)

3. Other Impocts

The cumulative impacts of these regulatory initiatives could extend to the economy as
a whole. The various studies reviewed in this report predict that electricity price increases and
other costs could adversely affect the U.S. economy, leading to short-term increases in
inflation and decreases in the rate of overall economic growth. Abrupt changes also could
create substantial regional declines in employment in energy-producing areas.

In addition to these cumulative impacts, the piecemeal nature of the policy initiatives
could lead to conflicts. As noted in the recent EPRI report, some of the capital costs incurred
may turn out to be unproductive because of the different timing of the various policies. In
particular, the capital equipment installed to comply with additional NOx and SO0
constraints required in 2003 and 2007 may be scrapped if the plants were retired to comply
with CO, requirements assumed to begin in the 2008-12 period.

The potential inconsistency of air quality and cimate change requirements is an
example of a more general issue of inconsistency among these various potential policies.
Indeed, some predicted changes for a given initiative may not be achievable if other policy
initiatives are undertaken. Constraints on siting of gas pipeline or drilling of natural gas, for
example, could limit the feasible increase in natural gas use, at least within the next two
decades. Thus, the extensive shift to gas-fired generation predicted under climate change
policies may conflict with other policies that are carried out at the same time. These
possibilities reflect the disadvantages of a piecemeal approach to energy and environmental
policy that does not take into account interactions among policy initiatives.
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Executive Summary

D. Implications

The fact that the regulatory initiatives summarized in this report could affect
electricity generation fuels and technology-as well as electricity costs, rates, and the overall
economy-does not mean that the initiatives should not be pursued. These results, however,
do suggest three implications.

First, the potential interactions among this large number of regulatory and policy
initiatives suggest the usefulness of taking a broad look at electricity generation and the
factors that influence its future. A piecemeal approach to regulatory policy seems ill suited to
this situation.

Second, the substantial costs and impacts of these policies suggest the importance of
detaied policy analyses that would consider the costs and benefits of policy alternatives. It
would be particularly useful to develop means of achieving policy objectives that avoid
excessive costs and major dislocations of the energy and electric power systems

Third, the potential for expensive scrapping of control equipment before the end of
its useful life suggests the importance of considering the appropriate timing and not just the
desirable levels of regulatory requirements. It would be useful to consider whether temporal
flexibility could be provided to electricity generators that would reduce the overall costs
while maintaining important environmental and energy policy objectives. Greater flexibility
in timing also would provide the time to develop lower emitting and less expensive
technologies that reduce the costs and overall impacts of achieving desirable policy
objectives.
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Part I + Introduction

Electricity use in the United States has grown dramatically in the twentieth century.
This dramatic growth reflects electricity's usefulness to households as well as its importance
in industrial and commercial processes. The availability and low cost of electric power have
been major contributors to the expansive growth of the American economy in this century.
Electricity allows factories to be organized in ways that greatly enhance manufacturing
productivity and thereby the overall productivity of the economy. Electricity available for
office uses-including the increasingly large number of computer and other information-
processing tasks-contributes to growth in non-manufacturing sectors as well.

Electricity use promises to increase in the next two decades as the economy expands
and as electricity rates are reduced in response to increased competition, particularly in
electricity generation. Federal and state efforts to restructure the electricity sector will tend to
encourage the retention and development of low-cost generation sources. At the same time,
electricity generation planners must adjust to the possibility of a large number of environ-
mental and energy policy initiatives. Although the most prominent initiatives relate to climate
change and air pollution concerns, there are many other areas of concern, ranging from
waste disposal to cooling water intake regulations, relicensing policies, and energy facility
siting constraints.

A. Objectives of the Report

The overall purpose of this report is to provide background for discussion of
potential public policies related to the electric power sector The background provided in this
report consists of two elements:

1. Historical information on electric power generation.

2. Implications of prospective environmental and energy initiatives for the U.S. fuel
mix, electricity prices, overall costs, and economic impacts.

The second elemenr-the descriptions of potential regulatory policies and their fuel
use and other implications-constitutes the bulk of this report. This emphasis is an attempt
to fill a gap in the literature. Although many studies describe individual regulatory proposals,
we are not aware of any study that considers the full range of potential policies that might
affect the electricity generation sectoLZ Indeed, the major contribution of this report is to
present all the information that has been developed on these various policy initiatives in a
single document.

2 Noteworthy partial exceptions are recent studies by the Electric Power Research Institute (EPRI
2000) and the US. Environmental Protection Agency (U.& Environmental Protection Agency
1999a). Both of these studies assess the potential effects of climate change and air quality policies.
Even these studies, bowever, do not include the effects of other environmental regulations, such as
water or hazardous waste regulations.

8 Fuling Elecricity Growth for a Growing Economy
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Part I + Introduction

It is important to point out that this report does not provide all of the information
needed to assess public policies in these various areas. For any specific policy initiative, it
would be necessary to evaluate the costs, benefits, and other impacts of the various
alternatives. But, the information presented in this report suggests that an exclusive focus on
one initiative may overlook important interactions among the various policies. It is
important to consider the full range of policies, their timing, and their interactions.

B. Organization of the Report

The report is organized as follows. Chapter II provides a brief history of the electric
sector and the fuels that have been used for power generation. The chapter also summarizes
the competitive initiatives facing the industry. This chapter is relatively brief because these
issues have been dealt with in many previous reports.

Chapter m constitutes the bulk of the report. This chapter provides information on
the large number of regulatory and policy initiatives that could affect the fuel mix for
electricity generation in the next two decades. The objective is not to evaluate the merits of
these various regulatory initiatives, but rather to summarize each initiative and to report the
information that has been developed on each initiative's likely effects on lectricity fuel use,
electricity prices, and other economic impacts.

Chapter IV provides a summary of the impacts of the various initiatives and some
discussion of their implications. These implications include the usefulness of considering
interactions among the initiatives and of developing policy approaches that encourage
flexible and cost-effcctive results.

Fuelig Elecricity Growth for a Growing Economy 9
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Part II + Background of U.S. Electricity Demand,
Electricity Fuel Use, and Economic Growth

This chapter provides historical background on electricity demand, fuel use, and the
role that electricity has played in U.S. economic growth

A. Growth in U.S. Electricity Demand

Figure 1 shows the enormous increase in U.S. electricity generation over the last
century- This increase reflects growth in the U.S. population as well as changes in per capita
electricity use. Figure 2 shows that per capita electricity use in the U.S. has risen substantially
over this period- The dramatic growth in electricity use reflects electricity's usefulness to
households in operating an increasing number of electric appliances as well as electricitys
importance in industrial and commercial processes.

As many commentators have long noted (e.g., Schurr et al. 1979, Schurr 1990), low
electricity prices and reliable supplies are two major factors that have contributed to the large
growth in the U.S. economy in the twentieth century. Elctrifiation allowed processes within
a factory to be arranged in a way that would have been impossible in an earlier era when
factories were powered by prime movers, with shafts and belts carrying mechanical power to
the various operations. Electrificaion allowed new arrangements that greatly enhanced
manufacturing productivity and productivity of the entire economy.

Electricity continues to contribute to economic growth through its role in the
"information" economy. The U.S. economy is increasingly dependent upon computer- and

Figure 1. U.S. Electricity Generotion Growth in the Twentieth Century
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Figure 2. US. Electricty Use per Capita in the Twentieth Century
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information-processing capabilities. The electronic equipment behind these capabilities
requires electricity. The advancements in information technology have led to fundamental
changes in offices and other functions that are essential to non-manufacturing sectors. It is
these sectors, served by electricity, that are projected to account for much of the future
economic growth in the United States.

Several studies have quantified the effects of lower electricity prices on U.S. economic
performance. The National Research Council evaluated the effects of electricity prices on the
productivity of the economy, measured as output per unit of input 3 The study concluded that
lower electricity prices led to increased productivity in 23 of the 35 industries that were
studied (National Research Council 1986).4 Similar results about the importance of electric
generation to economic growth have been reported in other studies (e.g., Dcnison 1985;
Schurr 1990).

B. U.S. Electricity Fuel Use

The hallmark of the U.S. electricity sector has been a broad range of fuels and
technologies used in the generation of electric power, coupled with an efficient transmission
and distribution system for bringing electricity to the places where it is used. This diversifed
fuel mix generally includes coal and nuclear units that provide baseload power-that is,
power that can be supplied throughout the year at low cost-as well as oil- or gas-powered

3 Input includes labor, capital electricity, non-electrical energy, and materials.
4 The smdy also found that lower prices for non-electrical energy increased productivity in 2 of the

35 industries studied (National Research Council 1986).
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Parn g + Background on U.S. Electrciy Demand, Elecurity Fuel Use, and Econormic Growth

units and hydroelectric facilities that provide power in the peak periods. This peak power is
more expensive on a cost per kilowatt-hour basis, but can be called upon at short notice to
provide the added power needed on very cold or hot days when demand is greatest.

Figure 3 shows the fuel mix for the U.S. electric power sector. Coal is the largest
source, accounting for 51 percent of overall electricity produced. Nuclear units account for
the second largest at 20 percent. This is followed by natural gas, 16 percent, and hydropower
and other renewable technologies (e.g., wind and solar), 11 percent Oil-fired plants account
for the remaining 3 percent of overall electricity production.

Figure 4 shows the long-term trends in the fuel mix. Over the last half century, coal's
share of generation has fluctuated between 45 and 58 percent. Nuclear has increased its share
substantially in the last two decades, largely at the expense of oil-fired generation.

C. Projected Electricity Fuel Use under Competition

This section provides background information on electric power restructuring and
competition initiatives and their potential impact on future electricity generation.

I. Restructuring and Competition

The electric power sector currently is undergoing significant restructuring as it moves
from traditional public utility regulation to greater competition. This trend toward increased
competition is driven by public policy initiatives at the federal and state levels. In the Energy
Policy Act of 1992, the U.S. Congress granted the Federal Energy Regulatory Commission
(FERC) additional powers to require electric companies to provide access to their transmis-

Figure 3. Current Electric Generation Fuel Mix
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Fuels in the figure are shown dockwise based upon the legend. The current fuel mix represents the
percent of electric generation (in MWh) for each fuel type in 1999, the latest year for which data
are available. Total exceeds 100% due to independent rounding.
Source: U.S. Deparntent of Energy 2000.
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Fgure 4. Electric Generation Fuel Mix over Approximately the Lost Half-Century
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sion grids to potential competitors for the sale of electricity in wholesale markets. In 1996,
relying upon these new powers, FERC ordered transmission-owning electric companies to
allow open access to their transmission lines in order ro facilitate wholesale electricity
transactions and thus encourage wholesale competition.

The trend toward greater competition was expanded in 1996 to include competition
over consumer (including business) purchases of electricity ('retail competition"), with the
passage of laws in California and New Hampshire. Retail competition allows electricity
consumers to select their suppliers, although the delivery of the electricity to customers
continues to be handled by a regulated local distribution electric utility. As of May 1, 2000,
state electric utility regulators, state legislatures, or both, in 24 states and the District of
Columbia had made the decision to implement retail competition; actions are pending or
ongoing in 10 additional states (U.S. Department of Energy 2000). Federal bills to promote
retail competition nationwide were introduced in the 106th Congress.

2. Future Outlook

The fuel supply mix is expected to shift over the next two decades as a result of many
factors and influences, some of which are linked to increased competitive pressures to lower
the cost of electricity generation. These factors include improvements in the efficiency of
existing units, the retirement of high-cost facilities, the development of new low-cost units

Faling Electricity Growh for a Growing Economy 13
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(largely combined-cycle natural gas units), changes in regional transmission capacity, future
relative prices for the different fuels and technologies, and the overall growth in electricity
demand.

There are, of course, substantial uncertainties involved in predicting the future fuel
supply mix, particularly in light of the novel influences of competition:

* Transmission could provide more or fewer opportunities for inter-regional
transportation of low-cost power depending upon how much capacity is
provided, how rules governing open transmission access are developed, and bow
much new transmission can be constructed.

* The relative costs of generating power with varied technologies could fluctuate
due to differences in relative fuel prices or technological change_

* Successful marketing of 'green power" could increase the share of non-hydro
renewable energy.

* Differences in regional economic growth could change the relative importance of
electricity demand in regions of the country, which could alter the overall fuel
mix.

* Overall economic growth could be smaller or larger than predicted.

In addition to these economic and energy market effects, future regulatory initiatives
also will influence the electricity fuel mix. Unlike many economic and energy market
influences, these future regulatory changes are driven by considerations other than minimiz-
ing the cost of providing electricity services. These regulatory initiatives cumulatively could
have significant effects on the relative cost and availability of different electricity fuel
technologies. The following chapter describes these various regulatory initiatives and their
potential impacts on the electricity fuel supply and overall electricity costs.
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Part III + Impact of Regulatory Initiatives on
Electricity Fuel Use

Virtually every energy and regulatory policy could have some effect on the electricity
sector and its generation mix. We focus in this report on regulatory initiatives likely to have
the greatest impact In particular, this section provides background on the following
regulatory areas':

* Air quality;

* Climate change;

* Water quality;

* Waste disposal; and

* Energy policies.

Table 1 lists the policy and regulatory initiatives reviewed in this report and their
potential timing. This table indicates the large number of influences on the electricity sector
and fuel choices over the next two decades. The regulatory issues considered in this chapter
generally have not been decided. The initiatives are in different stages of decision-making and
implementation. Some initiatives represent initial proposals and others represent regulatory
decisions subject to legal review or implementation.

As noted in Chapter I, the purpose of this report it not to analyze the complex policy
issues involved in these initiatives. We do not consider the costs and benefits of policy
alternatives or evaluate which policies would be superior Rather, the objective is to describe
how each policy would affect different fuel types and their uses in electricity generation.
Some policies are fuel-neutral-they increase the costs of all generation by approximately the
same amount. In contrast, some policies would have much greater impact on the costs or the
availablity of certain fuel types.

The general structure of the discussion is simple and the same in each of the policy
areas. We first include a brief description of the policy area We then provide information on
the impact of the policy area on electricity fuel types. In some cases, there are studies that
provide quantitative estimates of the impact on fuel mix. In other cases, the analyses are
qualitative. Where possible, we provide an indication of the overall costs of the regulatory
requirement and the impact on rates in order to allow comparison among policy areas.

S The policies considered in this report do not include broad initiatives affecting all regulations,
such as the Executive Order on Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations (Executive Order 12898, and the Executive Order on
Protection of Children from Environmental Health Risks and Safety Risks (Executive Order
13045).
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Part m pact of Regulatory Initiatives on Eectricity Fud Use

Table I. Policies and Regulations Affecting Electric Generartion in the
Next Two Decodes

Policy Status Effective Date

ELECTRuc PowER RESTRUCTURNG
State Passed/Proposed Various

(various states)
Federal Proposed Ongoing

Ant QUAIur
NOx

Title IV Passed 1995/2002
OTC Budget Program Passed 1999/2001/2003
SIP Call -Promulgated 2003
New Source Performance Standards Passed 1999
New Source Review Litigation/Proposed Reform Ongoing
Revised NAAQS requirements- Promulgated/Remanded 2007

8-hour ozone
SO2

Title IV Passed 1995/2000
New Source Review Litigation/Proposed Reform Ongoing
Revised NAAQS requirements-

PM, Promulgated/Remanded 2007
Regional Haze Promulgated Varies by State

Grand Canyon Visibility Under Development 2003
Transport Commission

Mercury
EPA Determination Uncertain
Forthcoming

CIMATE CHANGE
Kyoto Proposed 2008-2012

WATER QUAIrY
Effluent Guidelines Passed/Rules under Ongoing

Discussion
Cooling Water--CWA Section 316(b) Passed/Proposed Rule Ongoing

WASTE DIPosAL
RCRA Phase 1 EPA Determinationf 2000/Uncertain

Standards Forthcoming
Nuclear Site Determinations Ongoing

Forthcoming
(Continued)
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Table 1. Policies and Regulations Affecting Electric Generation in the
Next Two Decades (continued)

Policy Status Effecie Date

ENERGY PouLcS
Hydropower Relicensing Ongoing Facility Specific
Nuclear Relicensing Ongoing Facility Specific
Renewable Policies

State Passed / Proposed Various
(various states)

Federal Passed / Proposed Various
Power Plant Facility Siting Ongoing Ongoing
Natural Gas Facility Siting Ongoing Ongoing
Drilling Constraints

Outer Continental Shelf Executive Order Expires 2012
Moratorium

Drilling Constraints on Rules under Discussion Ongoing
Federal Lands

A. Air Quality

Air emissions from electric generating facilities have been subject to extensive
regulation for decades. This section considers the additional near-term initiatives that have
been proposed or discussed. The discussion is organized according to the three major
pollutants relevant to power plants:

1. Nitrogen oxides.(NO.) emissions-These emissions affect ambient concentra-
tions of ozone, particulate matter, and nitrogen dioxide (NO2).

2. Sulfur dioxide (0)--These emissions affect particulate matter as well as SO2
concentrations -

3. Mercury-Mercury is listed as a hazardous pollutant under Section 112 of the
Clean Air Act (CAA).

Potential regulations for other emissions, including carbon monoxide (CO), lead (Pb),
and volatile organic chemicals (VOCs), are not discussed since major changes in these
regulations currently are not under consideration.

I. NOr Controls

Emissions of NOx from electric power plants are regulated under various provisions
of the CAA. As shown in Figure 5, electric tilities account for approximately 25 percent of
national NO, emissions. Other important sources are vehicle emissions and industrial
processes. This section summarizes the current policy initiatives and the likely impact on
electricity fuel mix and costs.
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Part II * Impact of Regulatory Iniiatives on Electricity Fuel Use

Figure 5. Electic Power Shore of NOx Emissions

22%

s3%

Source. U.S. Environmental Protection Agency 1998b.

Several major policies regarding NOx emissions have been developed and proposed
in the 1990s, many of which are responses to the 1990 Clean Air Act Amendments (1990
CAAA). These policies include the following:

Title IV NO X Limits-Requirements of Ttle IV of the 1990 CAAA that mandate
specific reductions in NO x emissions from power plants nationwide.

Ozone Transport Commission (OTC) NO X Budget Program-An agreement by
the 12 states and the District of Columbia in the OTC to develop a cap-and-trade
program for regional NO x emissions.

* NO x SIP Call-Requirements to cap NO x emissions in order to reduce regional
transport of ozone precursors in the eastern U.S., including requirements for 22
eastern states and the District of Columbia to reduce emissions in their State
Implementation Plans (SIP) to address transport (so-called "SIP Call").'

* New Source Performance Standards (NSPS) and New Source Review (NSR) for
NO,-Controls on new and modified sources of NO x under the NSR require-
ments and NSPS ... .. '-

* Ozone and Particulate Matter National Ambient Air Quality Stadards
(NAAQS--Revisions to NAAQS for ozone and particulate matter, although a
May 14, 1999, U.S. Court of Appeals ruling calls these specific standards, and,
potentially, the NAAQS program into question. This issue is currently before the
U.S. Supreme Court.

6 Implementation of the NO, SIP Call rule was stayed by the U.S. Court of Appeals for the District
of Columbia on May 25, 1999. Following a Court of Appeals decision that essentially upheld the
rule, EPA has asked the court to lift the stay. EPA's request has been challenged.
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Part m + Impact of Regulatory Initiatives on Electricity Fuel Use

a. Tile IV NOx Program

(1) Policy Overview

Tile IV of the 1990 CAAA concerns emissions of two pollutants that are precursors
to acid rain, SO2 and NOx. The Title IV requirements place limits on the NOx emissions from
coal-fired electric power plants that, in effect, require installation of various emission control
technologies. A two-stage approach is used that subjects only a portion of facilities to new
standards in Phase I, while imposing new standards on virtually all facilities in Phase Il:

* In Phase I, many Group 1 boilers (two specific types of boilers) are subject to
standards based on low NO, burner technology.

* In Phase D, the rest of Group 1 boilers are subject to slightly more stringent
standards, and Group 2 boilers (other types of boilers) are subject to standards
based on NO, control technologies.

Phase I requirements took effect in 1996 and Phase II requirements took effect in
2000. Units designated as Phase II units may choose early election" compliance whereby
they achieve Phase I requirements between 1997 and 2007, but are grandfathered from
complying with any revised standard until 2008 (Martinean and Novello 1998).

These requirements were projected to achieve annual emissions reductions of about
0.40 million tons per year between 1996 and 1999 and about 2.06 million tons per year in
2000, the first year of Phase II (U.S. Environmental Protection Agency 1999b). The
reductions represent 6 percent and 32 percent of actual 1995 NOx emissions (6.38 million
tons) for Phase I and Phase II, respectively (U.S Environmental Protection Agency 1998b).

(2) Policy Impact

Title IV NOx standards apply only to coal-fired electric power boilers. Phase I
affected 265 units designated as Phase I NOx units and an additional 275 Phase I units
subject to "early election" requirements (U.S. Environmental Protection Agency 1999c).
There are an additional 339 Group 1 boilers in Phase n (i.e., units that did not choose 'early
election" compliance) and 145 Group 2 boilers. As shown in Table 2, the EPA estimates the

Table 2. Projected Impact of Title IV Cleon Air Act NOx Requirements

Annual Cost (Smilion)' Average Cost (S/MWh)

Phase I $267 S0.15
Phase II $200 $0.10
Average cost estimates are derived by dividing total costs by estimates of coal-fired generation in
1996 (for Phase I) and 2000 (for Phase D) from the Annual Energy Outlook 1999 (US.
Department of Energy 1998a).
Year of costs not reported.

Source: U.S. Environmental Prorection Agency 1999c' and NERA calulations as described above.
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Parrn m Impact of Regulatory Initiatives on Electricity Fuel Use

annual cost of Phase I to be $267 million. The additional cost of Phase I is estimated by the
EPA to be about $200 million per year. These compliance costs are projected to increase the
cost of producing coal-fired electricity by about $0.25 per megawatt-hour, with $0.15 per
megawatt-hour from Phase I and another $0.10 per megawatt-hour from Phase IL

No estimates are available of the impact of these standards on plant utilization, so it
is difficult to assess whether the Title IV requirements have led to a shift in generation to
other fuels. In any event, it would be difficult to separate the effect on fuel use of the Title IV
NOx requirements from the effect of Tide IV SO, requirements.

b. OTC Budget Program

(1) Policy Overview

The 1990 CAAA calls for the formation of the OTC, a regional group that includes
i2 Northeast states and the District of Columbia. Many of these jurisdictions have regions
that are in non-attainment for ozone. In 1994, the OTC developed a Memorandum of
Understanding (MOU) signed by the 13 jurisdictions to achieve region-wide emission
reductions in three stages, the first in 1999, the second in 2001, and the third in 2003. These
reductions would be achieved by a cap-and-trade program' for ozone-season emissions (the
NOx Budget Program) that was outlined in a "model rule." This model rule provides the
b;sis for individual rules that each state in the OTC implements (Carlson 1996). Implemen-
tation of this program began in the 1999 ozone season.

(2) Policy Impact

Several studies indicate that the implementation of a NOx trading program results in
sigrificant savings over implementation of a NOx cap with no trading (Farrell, Carter, and
Raufer 1999; ICF 1994; ICF 1995). These studies predict that emissions trading has the
potential to reduce the cost of achieving the NOx Budget cap by 33 to 45 percent. ICF
estimates the annual costs of the NOx Budget Program in 2005 to be $179 million assuming
full regional trading and an emission limit of 0.15 pounds per million BTU (ICF 1995).

The studies also project change in fuel utilization as a result of the OTC NOx cap. In
2005, ICF predicts coal use to fall 4.4 percent with no trading and 2.5 percent with full
regional trading (ICF 1995). Natural gas utilization woold increase 6 percent under no
trading and 0.9 percent with full regional trading.

c. NOx SIP Call

(1) Policy Overview

Emissions can travel beyond the borders of an individual state. This interstate
transport of emissions can adversely affect air quality in downwind regions. The CAA

7 A cap-and-trade program imposes a cap on the total emissions from relevant sources within a
particular geographic region. Sources are able to comply with their individual caps by reducing
emissions or by purchasing emissions allowances (i.e., the right to emit a ton) from other sources.
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contains several provisions that were revised in the 1990 CAAA to address interstate
transport of emissions.

* Section l10-Each state's SIP is required to contain provisions that prohibit
sources from emitting pollutants that contribute significantly to non-attainment
in another srarc.

* Section 126-Downwind states can petition the EPA with scientific evidence
showing that emissions from a major source or group of sources are contributing
significantly to non-attainment downwind. If the petition is granted, the EPA
potentialy can prohibit these sources from operating until they achieve appropri-
ate emissions reductions.

The EPA and some individual states have attempted to use these provisions to force
reductions in upwind stares.

In 1995, the EPA established the Ozone Transport Assessment Group (OTAG), a
collaborative process among the 37 eastern-most states. Following OTAG's final report in
1997, the EPA promulgated regulations in 1999 that require 22 states and the District of
Columbia to revise their SIPs to reduce NOx emissions. The so-called NOx SIP Call includes
twc major components:

* Individual State NOx Caps-Stare NO, caps ({budgets") are based upon
emissions targets for individual sources using standard emission factors and
projected 2007 activity levels (U.S. Environmental Protection Agency 1998a).
The emission targets for electric power sources are based on an emission factor of
0.15 lbJmmBru (roughly comparable to an 85 percent reduction in emissions for
most units).

* Cap-and-Trade Program for NOx-The SIP Call allows for a cap-and-trade
program for NOX emissions across all 22 states. Trading would be allowed
among electric power and large industrial boilers, which together account for
about 90 percent of the required emissions (U.S. Environmental Protection
Agency 1998a).

After having indefinitely suspended implementation of the NOx SIP Call in response
to petitions from eight states affected by it, the District of Columbia Circuit Court of Appeals
on March 3,2000, upheld most aspects of the NOx SIP Call (Clean Air Compliance 2000a).'
The EPA asked the Court to end the stay. This request was opposed by several states and

8 During the suspension of the NOx SIP Call, petitions were filed by New York and nine other
Northeastern states under Section 126 of the CAA. On December 20, 1999, the EPA approved the
Section 126 petitions from Connecticut, Massachusetts, New York, and Pennsylvania (U.S.
Environmental Protection Agency 1999). These petitions would require a total reduction of about
510,000 tons of NOx annually from utilities in 12 states and the District of Columbia. The
schedule for states to comply with these petions is currently under review. Despite the upholding
of the NOx SIP Call, states must still comply with the Section 126 petitions. Compliance with the
NOx SIP Call may, howevex, be sufficient to comply with these petitions.
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other parties, which also petitioned the Court to delay the May 2003 implementation date.
On August 30, the Court extended the SIP Call compliance deadline to May 31, 2004. The
implications of this decision are unclear given that the Section 126 petitions granted by EPA
still retain the May 2003 date.

(2) Policy Impact

Implementation of the NOx SIP Call would require the electric power industry to
reduce emissions by installing various pollution control technologies-such as selective
catalytic reduction (SCR), selective non-catalytic reduction (SNCR), natural gas reburn, or
by reducing the utilization of higher-emitting facilities. These actions would impose
additional costs primarily on coal-fired facilities.' Table 3 shows that estimates of the annual
cost of these actions in three studies range from about $1.6 billion to $2.8 billion per year
The initial investments associated with these actions are projected in one study to be
$13.5 billion (Zinder and Cichanowica 1998). The increase in the cost of producing
electricity at coal-fired units is about $0.80 to $1.42 per megawan-hour Figure 6 shows the
EPA's estimates of the projected impact of the NOx SIP Call on capacity. Combined-cycle
natural gas capacity is projected to increase by 2,200 MW. Coal and gas/oil-fired steam
capacity is projected to decrease.

Table 3. Estimates of the Impact of NOx SIP Call

Change in capacity (MW) in 2007

Total Annralized Average Cost Oi/Gas-Fired
Strdy Cost (Sbillion)' (S/MWh)' Coal Stawn
EPA (1998a) $1.58 $0.80 -113 2,200 -201
EPRI (2000) $1.74 $0.88 NR NR NR
Zinder & Cichanowicz $2.81 $1.42 NR NR NR
(1998)
NR-not reported.

The EPA does not report impacts on other fuels though they may occur Costs arc incremental to
the Tide IV NOx requirments. Average cost estimates were derived by dividing the total cost by
estimates of coal-fired generation in 2005 from the Annual Energy Outlook 1999 (U.S. Departnet
of Energy 1998a).

'Costs are in 1999 dollars, adjusted from reported dollars using the GDP deflator
(U.S. Department of Commerce 1999).

9 The EPA estimates that some small fraction of natural gas units would install pollution controls
(U-S Environmental Protection Agency 1998a).
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Figure 6. Changes in Capacity by Fuel and Technology in 2007
Due to the NOx SIP Coll
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Socrce: U.S. Environmental Protection Agency 1998a.

d. New Source Review and New Source Performance Standards

(1) Policy Overview

The New Source Review (NSR) program requires that new facilities and facilities
undertaking modifications that would lead to increased emissions obtain NSR permits. A
source must undergo NSR under the following two conditions:

1. Non-attainment Program-The source must undergo NSR if the source is located
in an area currently in non-attainment for a particular pollutant.

2 Prevention of Significant Deterioration (PSD--The source must undergo NSR in
an area in attainment if the source emits above a threshold quantity as defined in
the PSD regulations.

NSR requires at minimum that Best Available Control Technology (BACT) be applied
for any emissions subject to regulation.

On November 3, 1999, the U.S. Department of Justice, on behalf of the EPA, filed
suit against seven investor-owned electric companies and the Tennessee Valley Authority
(TVA) (U.S. Department of Justice 1999). The suits contend: (1) that the investor-owned
electricity companies and TVA undertook modifications to particular plants that the EPA
claims trigger NSR; (2) that the companies did not obtain the proper permits and install
pollution control equipment required under NSR. The electric companies maintain that these
modifications were a part of 'routine maintenance" that can be undertaken without
triggering NSR (Clean Air Compliance 1999c).

Fueling Eledriity Growu, for a Growing Economy 23

630

DOE002-0640



Part IIl + Impact of Regulatory Initiatves on Electricity Fuel Use

Before this recent litigation, the EPA in 1992 began a multi-party process-including
representatives from industry, environmental organizations, states, and the EPA-to revise
the NSR regulations. Several issues being addressed in this process are particularly relevant
to electric power plants (U.S. Environmental Protection Agency 1996, Environmental
Reporter 1999, Martineau and Novello 1998). These issues include:

* Modifications to trigger NSR-Under discussion is the approach to measuring the
emissions increases from modifications and the level of increased emissions that
would trigger NSR.

* Routine repair and replacment--Under discussion are the kinds of routine repair
and capital replacement that would qualify for an exemption from NSR
requirements.

* Voluntary cap on source emissions-Under some proposals (including revisions
proposed by the EPA in 1996), any plants accepting a voluntary cap on emissions
would not be subject to the NSR process. Thus, unlimited modifications could
occur as long as plant emissions do not exceed the cap (U.S. Environmental
Protection Agency 1996).

* Relationship between NSR and existing cap-an-trade programs-There is
concern that NSR not negate the flexibility that cap-and-trade programs provide
for achieving emissions compliance. The NSR process often requires installation
of BACT, which may preclude compliance flexibility, including allowance pur-
chases, encouraged by cap-and-trade programs.

* Netting-The NSR contains a netting provision that allows sources to avoid the
NSR process by offsetting new emissions with reductions from other emissions
sources within the same facility. Currently, many facilities avoid the NSR process
by obtaining offsets. Elimination of this provision is under discussion.

In contrast to the NSR program, which requires that sources obtain source-specific
permits, NSPS specify a set of technology standards for all new and significantly modified
sources. These technology standards are prescribed for particular types of facilities and
sources. While not directly related to the NSR program, these standards create a 'floor" for
the case-by-case NSR technology analyses (Martineau and Novello 1998).

In 1999, the EPA published revisions of the NSPS for NOx emissions from fossil fue--
based steam generation units (40 CFR part 60 1999). The standard, which is based on a coal-
based unit with SCR technology, applies to all fossil fuel-based generation units regardless of
fuel type used by the unit The form of the standard varies between output-based standards
for new electricity generation units and input-based standards for existing electricity
generation units and industrial units. This revised standard is predicted to reduce NOx
emissions from new and modified sources by 42 percent from currenttlevels (US.
Environmental Protection Agency 1997b).
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(2) Policy Impact

NSR and NSPS require new and modified sources of air emissions to install pollution
control equipment. These requirements would add costs to generation facilities burning fossil
fuels or biomass: Such requirements would not apply to nuclear, hydroelectric, and non-
hydro renewables with the exception of biomass. To the degree that these requirements
impose differential costs across different types of facilities, they could affect the generation
supply mix.

The EPA projects that the revised NSPS NOx standards would result in costs of about
$40 million annually across all affected sectors, based upon the installation of either SCR or
SNCR technologies (U.S. Environmental Protection Agency 1997b). These controls would
increase the cost of producing steam for new power generation units about 2 percent. The
EPA estimates that the regulations will affect 17 new elctricity generation boilers and 381
new industrial boilers over its first five years (U.S. Environmental Protection Agency 1997b).

e. National Ambient Air Qualit Standards-PM' and 8-hour ozone

(1) Policy Overview

Following passage of the 1970 Clean Air Act, the first National Ambient Air Quality
Standards (NAAQS) for ozone and particulate matter (PM) were set in 1971. Revisions were
made to the ozone standard in 1979 (Martineau and Novello 1998)-'° States have the
responsibility to develop SIPs that demonstrate how the ambient standards will be met within
their jurisdictions.

In 1997, the EPA issued new NAAQS for ozone and PM, although these rules have
not yet been implemented because of legal challenges. The major changes in the particulate
matter standards are:

First sandard for pariculate matter less than 2.5 micrometers-The previous PM
standard was for particles less than 10 micrometers (PM~). The new PM,s rule
sets ambient standards for particles less than 2.5 micrometers in addition to the
PM,, standards." -

* PMJ standards more stringent than PM,, standards-The greater stringency of
the new PM., standards would have two effects. First, many regions would need
to increase the level of required emissions reductions for combustion sources
beyond the level necessary to achieve the PM,1 standards. Second, many regions
not required to undertake reductions under PM,o standards would be required to
undertake reducions under PM. standards

10 The EPA is required to perform NAAQS reviews every five years (Martineau and Novello 1998).
11 The new PM., rule set the average annual standard for particles less than 2-5 micrometers in

diameter at 15 pgfmr and the average 24-hour standard at 65 pgtrm.
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Particulate matter standards affect non-PM emissions as well-The new PM.,
standard would affect not only direct PM emissions from electric utilities but also
emissions of NO, SO2 , and VOCs. Once emitted into the atmosphere, these
other emissions can be transformed through chemical reactions into PM2,.

The ozone standards also introduced important changes from the earlier standard.
These are:

* New method for measuring ozone leveLs-The new ozone standards would
change the method for measuring ambient levels from a one-hour maximum
average to an eight-hour maximum average.

* New concentration levels for ozone-The new method for measuring ozone is
accompanied by revised concentration levels for measuring attainment. Under the
one-hour standard, a region is in attainment for ozone "when the expected
number of days per calendar year with maximum hourly average concentrations
above 0.12 ppm is equal to or less than one ... " (57 Federal Register at 13,489
and 13,522). Under the eight-hour standard, a region is out of compliance if the
three-year average of the fourth-highest daily maximum eight-hour average
concentration is greater than 0.085 ppm.

· More stringent ozone requirements-The net result of the changes in method and
concentration levels is to make the ozone standard more stringent This greater
stringency would require greater emissions reductions to achieve compliance.

A ruling by the US. Court of Appeals for the D.C. Circuit, in Washington, D.C., has
created substantial uncertainty over the status of these NAAQS. On May 14, 1999, the D.C.
Circuit ruled in the case of American Trucking Associations, Inc, et al. v United States
Environmental Protection Agency that the EPA's rationale for setting the ozone and
pariculate matter NAAQS under the CAA potentially represents an unconstitutional
delegation of legislative authority and ordered the EPA to develop intelligible principles'
supporting new standards." The Supreme Court currently is considering this case.

(2) Policy Impact

Implementation of the new eight-hour ozone NAAQS likely would require additional
emission reductions from the electric power sector in various states. The extent of these
reductions, however, has not been estimated; the regulatory analyses of the new standards
did not address the potential effects on electric power emissions. The incremental costs and
impact of these standards likely would depend on the implementation status of other policies,
such as the OTC NOx Budget Program, NOx SIP Call, or the Section 126 petitions, and the
effectiveness of these policies at reducing ambient ozone concentrations.

12 The EPA's ozone rule was remanded for a number of additional reasons, most notably limitationsto the EPA's ability to enforce new ozone standards based on Subpart 2 of the 1990 CAAA and the
EPA's failure to examine possible health benefits of ozone (American Trucking Associations, Inc..et al. v. United States Environmental Protection Agency, 195 F.3d 4; D.CC GC 1999).

26 Fueing Electriity Groth for a Growing Economy

633
DOE002-0643



Pan m * Impact of Regulatory Initiatives on Electricity Fuel Use

2. SO, Controls

Various provisions of the CAA regulate emissions of SO,. Figure 7 shows that electric
utilities account for about 67 percent of SO2 emissions. This section discusses the various
provisions and recent proposals related to utility SO, emissions.

Several major policies regarding SO, emissions have been developed and proposed in
the 1990s, largely in response to the 1990 CAAA These policies include:

* Title IVSO0 Requirement-T-tle IV of the 1990 CAAA developed a national cap-
and-trade program for SO: emissions from power plants.

* NSPS and NSR for SO,-Controls on new sources of SO 2 under the NSPS and
NSR requirements.

* Regional Haze Requirements-Requirements to reduce haze at all National Parks
and Wilderness areas, potentially requiring reduction of SO2 , a precursor to haze,
in all 50 states.

* SO z NAAQS-While the EPA determined in 1996 that no changes to the current
SO, NAAQS were necessary at this time, environmentalists challenged this
decision. A recent court ruling has remanded the decision back to the EPA for
further clarification.

Pariculate Matter NAAQS-Revisions in the NAAQS for pariculate matter,
although a recent legal action calls these standards into question.

Figure 7. Electric Power Shore of SO Emissions
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Source: US. Environmental Protection Agency 1998b.
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a Title IV SO2 Program

(1) Policy Overview

Title IV of the 1990 CAAA mandates a nationwide cap-and-trade program for SO,
emissions from coal-fired generation units. The major elements of the program are
summarized below (Ellerman et aL 1997):

* The program targets only the electric power sector, eventually requiring about a
50 percent reduction in SO, emissions from 1980 emissions levels.

* The program is implemented in two-phases:

- In Phase I, emissions from 263 units were capped at 8.69 million tons in
1995, falling to 6 million tons in 1999. The eventual number of units capped
in 1995 increased to 445 due to the substitution and compensation provisions
that allowed Phase II units to opt-in early.

- Phase II started in 2000 and expands the affected plants to include virtually
every fossil fuel-based electric generating unit, more than 2,000 units. The
emissions cap is 9.4 million tons until the year 2010, when it is lowered to
8.95 million tons SO2 per year

* The cap is imposed nationally, with no regional constraints on emissions trading.

* Allowances are distributed to utilities using a formula based largely on a unit's
heat utilization."

* Allowances may also be banked for use or trade in future years

(2) Policy Impact

Many analyses have examined the impact of the Tide IV SO, Program, partly due to
its importance as one of the first large-scale cap-and-trade programs. Several recent studies,
which incorporate data on Phase I and the effect of more recent developments on Phase II
implementation, provide insights into the impact of both phases of the program.

Experience with Phase I indicates that emissions trading can reduce the costs of
achieving emissions targets. A study by the MIT Center for Energy and Environmental Policy
Research (CEEPR) concludes that emissions trading reduced Phase I costs by 25 to
34 percent (Ellerman et al. 1997). 4 A study by Resource for the Future (RFF), however,
suggested that the savings from trading were more limited (Carlson et al. 1998). Table 4
shows that even with these cost savings, the Phase I SO2 program resulted in estimated
annual compliance costs that ranged from $770 million to $960 million. The average cost per
ton was estimated by CEEPR at $187 to $210 per ton of SO,, which was much higher than

13 There were a number of departures from this basic rule, particularly for Phase n units Uoskow
and Schmalensee 1997).

14 The CEEPR recently has estimated that emission trading will reduce the cost of achieving the
Phase I emission reduction goal by about half. See Ellerman er al. 2000.
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Table 4. Costs of Title V S0, Cap-ond-Trade Program for Coal-based Units

Total Anmal Cost (Sbillion)' Increae in Electricity Cost (S/MWh)'
Phase I

MI 2 $0.77 $0.44
RFF3 0.88-$0.96 S0.50-S0.55

Phase 1
EPRP S0.89-$1.10 $0.41-S0.53
RF s $1.10 $0.53

Costs are in 1999 dollars, adjuscd from reported dollars using the GDP deflator
(US. Departmnt of Commerce 1999). Average cost estimates were derived by dividing total costs
by estimates of coal-fired generation in 1996 (for Phase ), and 2010
(for Phase I), from the Annual Energy Outlook 1999 (US. Department of Energy 1998a).
'Estimates are based on 1995 data, the first year of compliance.
Estimates are based on 1995 and 1996 data, the firt two years of compliance.

Estimates are incremental to Phase I costs. Reported in Smith et aL 1998.
Does not stae whether incremental to or inclusive of Phase I costs.

Sorce: Ellermn et al. 1997, Smith ct al. 1998, Carlson et al. 1998, and NERA calculations.

actual market prices of this period, reflecting the large degree of initial over-compliance (i.e.,
installation of excessive pollution control equipment) (Ellerman et al. 1997)." The RFF study
estimates the average marginal cost, weighted by each facility's generation, at S180 per ton,
which is also consistent with over-compliance by a large number of facilities (Carlson et al.
1998).

Electric utilities used a variety of means to comply with Phase I of the SOz trading
program, including fuel switching or blending, 53 percent, allowance purchases, 27 percent,
and installation of pollution control technology, 16 percent (US. Department of Energy
1997). Seven affected facilities, representing 1,342 megawatts or 1.5 percent of total affected
capacity, have closed, although other factors played a large role in the closure decisions.

Phase II will impose additional compliance costs, although the costs will be delayed
due to the large quantity of banked allowances created during Phase I. These banked
allowances are expected to delay the full imposition of the Phase 11 cap until 2007 to 2010
(Smith et al. 1998). As shown in Table 4, once the banked allowances are used, the
incremental costs of Phase n are estimated to range from $0.89 to Sl-10 billion per year in
2010." Due to a variety of factors, such as a reduction in the cost of fluidized gas

15 The initial over-compliance was due to a variety of factors that led firms to expect higher SO5

allowance prices than actually occurred. Decisions to invest in expensive scrubbers were made
based upon these relatively high SO, prices. See EBerman et aL 1997, and Bohi and Bunraw 1997.

16 The Electric Power Research Insitute (as referenced in Smith, Platt, and Eflernan 1998) estimates
that lower coal utilization, possibly due to "major new regulations," might cause incremental
costs to fall as low as $0.39 billion (S1997).

F/elmg Electnrciy Growth for a Growing Econom, 29 636

DOE002-0646



Part m + Impact of Regulatory Initiatives on Electricity Fuel Use

desulfurization (FGD) technology and greater access to low-sulfur coal, these costs are
substantially lower than initial estimates produced before the implementation of Phase I.
Average costs are estimated to be about $200 per ton, while marginal costs are estimated to
rang from $276 to $498 per ton."7 These costs are higher than the current allowance prices,
which are less than $150 per ton.

The SO 2 cap-and-trade program increases the cost of generating electricity from coal-
fired units. As shown in Table 4, Phase I has increased the cost of electricity from coal-fired
units between $0.44 and $0.55 per megawatt-hour Phase II is estimated to increase costs
between $0.41 and $0.53 per megawatt-hour

b. New Source Review and New Source Performance Standards

(1) Policy Overview

As described above, all new power plants or existing power plants making substantial
modifications are required to undergo a NSR permitting process or comply with NSPS; the
specific requirement depends on the location and quantity of emissions generated. The NSPS
require that sources install BACT to control SO, emissions (Martineau and Novello 1998).
As noted above, the EPA is in the process of revising the NSR process and has filed suit
agairst seven investor-owned electric companies and the TVA alleging NSR violations.

(2) Policy Impact

NSR and NSPS require new and modified sources of air emissions to install pollution
control equipment. These requirements would add costs to generation facilities burning fossil
fuels or biomass. Such requirements would not apply to nuclear, hydroelecric, and non-
hydro renewables, with the exception of biomass generation. To the degree that such
requirements impose differential costs across different types of facilities, they may affect the
mix for power generation.

c. National Ambient Air Quality StandardSO and PMH

(1) Policy Overview

As noted above, the CAA requires the EPA to set a NAAQS for S02. The NAAQS for
SO2 was last revised in 1978. Although the EPA in May 1996 determined that there is no
need to revise the SO, standard, environmentalists challenged this decision. In January 1998,
the D.C. Circuit remanded the EPA's decision that no new SO2 NAAQS was needed to the
EPA for clarification (American Lung Association et al. United States Environmental
Protection Agency, 96-1255 (D.C. Cir, decided, January 30, 1998)).

The NAAQS for particulate matter also affects requirements for reductions in SO5
emissions, since SO2 can be transformed into particulate matter through atmospheric

17 This range reflects variation in a limited number of parameters. Incorporation of other
uncceainlies could raise costs to about $600 per ton (Smith, Plan, and Ellerman 1998).
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reactions. The 1997 revisions to the particulate matter standard could lead to additional
reductions in SO2 emissions, due to a need to comply with new standards for particulate
marter smaller than 235 micrometers. As noted earlier, legal actions put the new PM,,
standard in doubt

(2) Policy Impact

The potential PMw standards may require significant reductions in S02 emissions in
many regions. The EPA has not stated whether national federal programs would be
implemented as part of a compliance program. With respect to the electric power sector, the
EPA appears to prefer a further tightening of the Tide IV SO2 cap (U.S. Environmental
Protection Agency 1997c, U.S. Environmental Protection Agency 1999a). The EPA has not
announced the quantity of additional SOi emissions reductions that would be sought if the
SO, cap were further tightened, but it has suggested that additional reductions of 45 to
70 percent below the Title IV Phase II cap would be likely (U.S. Environmental Protection
Agency 1997c, US. Environmental Protection Agency 1999a). The EPA's 1997 Regulatory
Impact Assessment (RIA) for the PM, standard assumes a 60 percent reduction in SO0
emissions relative to current Tide TV programs. This reduction implies a target of
3.58 million metric tons of SO2 , compared to a 9.4 million metric ton cap under Title IV
(U.S. Environmental Protection Agency 1997c). A more recent EPA analysis considers four
SO2 reductions scenarios ranging from 57 to 71 percent; these scenarios imply 2007 targets
of 4-2 million tons and 2.8 million metric tons, respectively (U.S. Environmental Protection
Agency 1999a). Actual emissions in the year that caps are tightened may exceed emission
caps due to banking of allowances.

Several studies have analyzed the impacts of further tightening the SO 2 cap, including
two studies by the EPA and a study by the Electric Power Research Institute (U.S.
Environmental Protection Agency 1997c, U.S. Environmental Protection Agency 1999a,
Electric Power Research Instirute 2000). These studies, which examine a range of possible
reductions, provide some perspective on the possible impact from additional SO2 reductions.
Table 5 reports estimates of the annualized cost and cost per kilowatt-hour for attaining the
SO, targets analyzed in these studies. The incremental costs of additional reductions beyond
Phase n requirements are estimated to be between $2.2 and $3.4 billion annually depending
on the emission target, which ranges from 2.8 million metric tons to 4.5 million metric tons.
The EPRI results suggest that costs would be somewhat higher than those reported by the
EPA.

Table 5 also reports estimates from the Reason Public Policy Institute (RPPI) of the
combined costs to the electric power sectoP of revised ozone and PMz standards (Smith et al-
1997). This study estimates the full additional cost to utilities of achieving compliance in all
regions to be S20.4 billion annually. Since this cost estimate is incremental to the NOx SIP
Call, it is likely that the majority of these costs are attributable to the PMu, rather than the
ozone standards. Results from the RPPI study differ from the EPA and EPRI studies because
the RPPI study is based on reductions necessary to achieve compliance in all regions. In
contrast, the EPA and EPRI studies only examine a tightening of the SO, cap, which may not
be adequate to achieve full compliance in all regions (U.S. Environmental Protection Agency
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Table 5. Estimates of the Impact of Additional SO2 Reductions

Impacts in 2010
Coal Natural Gas

Total
Annum l Annual Average Generation

Emissions Cap' Cost Cost Capacity (billion Capacity Generation
Study (million mtons) (Sbillion )(S/MWh) (GW) k Wb) (GW) (billion kWh)

EPA (1999)
Low 2.8 (in 2007) S3.4 $1.65 -3 -85 7 84
High 4.2 (in 2007) $2.2 $1.06 -2 -47 4 46

EPA (1997)' S_2 (in 2005) $3.2 $153 NR NR NR NR
EPRI (2000) 45 (in 2007) $2.5 $121 NR NR NR NR
RPPI / DFls NR $20.4 $990 NR NR NR NR
NR-ot reported.
'Actual emissions at the date when the cap is tightened further may exceed emissions caps due to
banking of allowances.
:Costs are in 1999 dollars, adjusted from reported dollars using the GDP deflator
(U.S. Department of Commerce 1999).
Average cost estimates were derived by dividing the total costs by estimates of coal-fired

generation in 2010 from the Annual Energy Outlook 1999 (US. Department of Energy 1998a).
'The SOZ trading cap is for a scenario that achieves partial attainment with the PM2 standards.
There are 30 potential non-attainment countes
Includes the costs of reducing NOx as well as SO0 emissions to comply fully with both revised

ozone and PMi, standards. Since the cost of reducing NOx under the SIP Call are not included,
tc.se estimated costs likely are attributable to SOz reductions.
Sorce. U.S. Environmental Protection Agency 1999a, US. Environmental Protection Agency
1997b, Electric Power Research Institute 2000, Smith et aL 1997, and NERA calculations.

1997c, U.S. Environmental Protection Agency 1999a, Electric Power Research Institute
2000).

The 1999 EPA study also reports the impact of reductions in the SO, cap on the
electricity fuel mix. The EPA reports that additional SO, reductions would be achieved
primarily through installation of FGD control technology and fuel switching, with relatively
limited increases in natural gas combined-cycle technology. As shown in Figure 8, the EPA
predicts that combined-cycle natural gas capacity in 2010 would increase by 7 gigawatts
under the 2.8 million metric ton target, a 6 percent increase in natural gas capacity. Coal
capaciy would decrease by 3 gigawatts, a 1 percent decrease in capacity. Predicted changes
in generation are larger, reflecting increased utilization of existing gas-fired units and
decreased utilization of coal-fired units. As shown in Figure 9, coal-fired generation is
predicted to decrease by 85 billion kilowatt-hours, a 4 percent decrease, and gas-fired
generation would increase by 84 billion kilowatt-hours, an 11 percent increase.
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Figure 8. Changes in Coal and Natural Gas Capacity in 2010 Due to
Additional SO, Reductions beyond itle IY S02 Requirements
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* ow EPA corresponds to an SO cap of 2.8 million metric tons, and High EPA corresponds to an
S0 cap of 4.2 million metric tons.
Source: U.S. Environmental Protection Agency 1999a.

Figur 9. Changes in Coal and Natural Gas Generatlon in 2010 Due to
Additional SO, Reductions beyond Title IV SO, Requirements
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Low EPA corresponds to an S02 cap of 2.8 million metric tons, and Higb EPA corresponds to an
S0 cap of 4,2 million metric tons.
Source U.S. Environmental Protecton Agency 19 99a.
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In summary, further reducing SO, emissions to achieve compliance with a PM,
NAAQS would result in substantial additional costs. Estimates of these additional costs
range from $2.2 billion to $3.4 billion depending upon the national SO2 emission target and
when it would be implemented. These cost estimates, however, assume that reductions by
electric utilities are limited to a further tightening of the national cap. Costs could be
substantially greater if further electric power SO2 reductions were sought ro comply with the
revised NAAQS for particulate matter in all locations.

d. Regional Haze

(1) Policy Overview

The 1977 amendments to the CAA established a national goal to eliminate existing
(and prevent future) visibility problems in 156 National Parks and Wilderness areas (called
Class 1 areas), due to human sources of emissions. Visibility problems are due to regional
haze, which is created by various pollutants, including particulate matter, sulfates, and
nitrates. In 1980, the EPA promulgated rules that would require emission reductions if
visibility problems were reasonably attributable to a single emission source. In July 1999, the
EPA published a final rule that would require reductions if visibility problems in Class 1 areas
were caused by groups of facilities (64 Federal Register 35,715 1999). This rule has been
challenged in the D.C. Circuit by several industries. Implications of this ruling include

* Incorporation of regional haze into SIP--This rule would require states to
incorporate actions to reduce regional haze into their SIPs.

* All slates affected-Because the Class 1 sites are distributed across the country
and many of the targeted pollutants are transported regionally, all 50 states are
required to develop long-term plans to meet 'reasonable progress goals.

* Targets not defined-The EPA specified that SIPs must achieve "reasonable
progress goals," though they did not specify what these progress goals should
be."

* Best Available Retrofit Technology (BART) requirements-The haze rule does
require states to identify BART for up to 26 different types of emissions souces
placed into operation between 1962 and 1977. The rule does allow flexibility in
BART requirements if states propose alternative measures, such as an emissions
trading program, that achieve more progress than source-by-source BART
controls.

18 A goal of one decaview visibility improvement per decade was included in the proposed version of
tie rule National progress goals were not specified in the final version because ofthe variation in
improvements necessary to meet the long-run goal of achieving background levels of visibility
impairment within 60 years.
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Regional planning efforts-The EPA is encouraging regional planning efforts to
address visibility impairment at the Class 1 areas since many sites receive
emissions from more than one state.

The regulations include specific provisions allowing states in the Grand Canyon
Visibility Transport Commission (GCVTC) to meet regional haze SIP planning requirements
based on recommendations of the GCVTC." Drawing upon these recommendations, the
Western Regional Air Partnership is currently developing a regional SO, reduction plan that
would phase-in emissions targets from 2003 to 2018. Several proposals are currently under
consideration (Western Regional Air Partnership 2000). These proposals include a cap-and-
trade program for stationary source emissions, with proposed emission caps ranging from
373,000 to 635,000 tons of SO 2 annually.

(2) Policy Impact

The impact of regional haze regulations will depend on how individual states
implement their SIPs, the degree of regional coordination, and the levels of improvement in
visibility sought. The EPA's Regulatory Impact Assessment (RIA) projects that the costs may
range from $0.9 billion to $5.5 billion annually (updated to 1999 dollars), depending upon
the magnitude of visibility improvements sought and the deadline by which such improve-
ments must be achieved (U.S. Environmental Protection Agency 1997). These costs are
incremental to the costs of the proposed NAAQS for eight-hour ozone and PM,. The costs
to the electric power sector, however, are not provided in the RIA. One study projects that the
costs of one deciview20 of improved visibility for the West alone would be about S5 billion
annually, and that the costs of subsequent decaview improvements would be substantially
larger (Smith 1997)."

Haze regulations are likely to have the largest impact on sources in locations upwind
from affected National Parks and Wilderness areas and those producing the.most significant
emissions. Western states are likely to incur higher costs than eastern states (Smith 1997).
Since SO2 emissions are among the most significant precursors to regional haze, stationary
fossil fuel sources, particularly coal-fired power generation units, are likely to be among the
most affected sources.

3. Mercury Controls

Section 112 of the CAA requires the EPA to set standards for hazardous air pollutants
(HAPs). These standards are called National Emissions Standards for Hazardous Air
Pollutants (NESHAP). The EPA currently is considering establishing a NESHAP or compa-
rable regulatory program for mercury emissions from electric utility power plants. Electric

19 These states include Arizona, California, Colorado, Idaho, Nevada, New Mexico, Oregon, Utah,
and Wyoming.

20 A deciview is a visibility scale that expresses uniform changes in haziness across the range of
visibility conditions, from pristine to rxtremely hazy (40 CFR 35714 1999)

21 The year of this cost estimate is not specified.

Fueing Elctiricty Growth fora Crowaig Economy 35

642
DOE002-0652



Part Im + Impact of Regulatory Initiatives on Electricity Fuel Use

utilities account for about 30 percent of national, anthropogenic mercury emissions, as
shown in Figure 10.

a. Policy Overview

Section 112 of the 1990 CAAA contains several provisions related to emissions of
mercury from electric utility power plants (Center for Clean Air Policy 1998):

* Maximum Achievable Control Tecdmology (MACT-Electric power plants emir
a number of HAPs, including mercury. The MACT program is one of the
regulatory options available to the EPA under Section 112 to address sources that
emit HAPs."

* The Great Waters Program-The EPA may require additional controls on sources
that emit HAPs in levels that endanger human health and the environment in the
Great Waters area, which include the largest inland lakes and coastal areas.

* Utility HAPs Report-Section 112(n)(1)(a) requires the EPA to submit a report to
Congress on threats to public health that stem from the release of HAPs from
electric utilities. The 1990 CAAA also gave the EPA the authority to regulate
electric utility HAP emissions if the Agency deems it necessary.

The Utility HAPs Report was relased in February 1998, finding that "on balance,
mercUry from coal-fired utilities is the hazardous air pollutant of greatest public health
concern," although the extent of exposure due to power plants is uncertain (U.S. Environ-
mental Protection Agency 1998d). The report notes that the 'EPA has not been able to
identify any currently demonstrated, feasible, and commercially available technology for

Figure 10. Electric Power Share of Anthropogeni Mercury Emissions

o 7*

Source U.S. Environmental Protection Agency 2000b.

22 Sources within a controlled industry category that emit at least 10 tons per year of one HAP or
25 tons per year of two or more HAPs must comply with MACT requiremnats.
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reducing various chemical forms of mercury emission from coal-fired utilities" (U.S.
Environmental Protection Agency 1998d).

The National Academy of Sciences (NAS), as mandated by Congress, issued a report
in July 2000, indicating that the risk of adverse health effects from exposure to mercury is
low for the majority of the American public. The NAS report suggested that additional
research is necessary to identify and reduce possible risks among sensitive population groups.

After considering the findings of the Utility HAP Report and the NAS study, the EPA
recently made a regulatory determination for mercury (U.S. Environmental Protection
Agency 2000b) in which the agency decided to move forward with the development of a
proposed rule. A proposal is expected by December 2003, with a final rule issued about one
year later. The EPA is currently reviewing preliminary data from the Mercury Emissions
Information Collection Effort, which is focusing on emissions from 84 coal-based electric
units and the mercury content in coal burned at over 1,000 units (Clean Air Compliance
Review 1999a).

b. Policy Impact

A NESHAP for mercury would target predominantly coal-fired electric power units
(Center for Clean Air Policy 1998, U.S. Environmental Protection Agency 1998c).U Although
many control options exist for reducing mercury emissions, there is limited information on
the cost and effectiveness of these options when used on coal-fired units. A report by -he
Center for Clean Air Policy (CCAP) reports costs for six approaches. Aside from coal
swithing, all estimates are greater than $33,000 per pound of mercury (Center for Clean Air
Policy 1998).24 The EPA has produced two studies on the costs of mercury control at coal-
fired units. Its first report estimated that 90 percent mercury reduction could be achieved at
an average cost of $67,000 to $70,000 per pound (U.S. Environmental Protection Agency
1997a). A recent report produced revised estimates of $28,000 to $34,000 per pound (U.S.
Environmental Protection Agency 1999a). In comparison, sectors already subject to MACT
typically achieve emissions reductions for less than $5,000 per pound (Center for Clean Air
Policy 1998).

Table 6 provides summaries of the estimated costs of achieving a 90 percent reduction
in electric power mercury emissions. Estimated annualized costs of implementing mercury
MACT range from approximately $1.83 billion to $6.08 billion per year. The high estimates
are based on the EPA's initial examination of a reduction in mercury emissions (U.S.
Environmental Protection Agency 1997a), and the low estimates are from the EPA's most
recent analysis (U.S. Environmental Protection Agency 1999a). Implementation of emissions

23 The EPA's Regulatory Determination suggests the agency also would regulate oil-fired units.
However, coal-fired generation represents 99 percent of mercury emissions from electric power
boilers (U.S. Environmental Protection Agency 2000b).

24 Coal switching costs vary widely depending on the type of coal used. The potential of coal
switching will depend on available quantitics of coal with low mercury content.
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Table 6. Impact of a Policy to Reduce Mercury from Coa-fired Facilities

Coal Impact Natural Gas Impact
Total Average Generation Genration

Anmual Cost Cost Capacity (billion Capacty (billion
(Sbillion)' ($SM Wb)" (GW) kWb) (GW) kWh)

Mercury MACT $1.83-S6.08 S0.88-$2.95 0 -15 0 15
Mercury Trading S1.40-S2.04 $0.68-$0.99 0 -41 0 40
Policies achieve a 90 percent reduction in coal-fired mercury emissions.

Costs are in 1999 dollars, adjusted from reported dollars using the GDP deflator (US. Department
of Commerce 1999).
2Average cost estimates were derived by dividing total costs by estimates of coal-fired generation in
2010 from the Annual Energy Outlook 1999 (US. Department of Energy 1998a).
Source- U.S. Environmental Protection Agency 1997a, U.S. Environmental Protection Agency
1999a, and NERA calculations.

trading is projected to lower costs to between $1.40 billion and $2.04 billion (US.
Environmental Protection Agency !999a), although it is important to note that development
of a MACT program to address mercury emissions likely would prohibit meaningful trading.
These latter estimates assume implementation of the NOx SIP Call, which may partially
account for the reduction in costs from previous EPA estimates.

Implementation of controls on electric utility mercury emissions could lead to shifts
in fuel utilization. Table 6 shows that the EPA predicts that implementation of a MACT for
mercury would not result in any changes in capacity for either coal or natural gas units but
would lead to shifts in generation. Figure 11 shows the predicted changes in generation in
2010. The EPA projects that the mercury MACT would decrease coal-fired generation by
15 billion kilowatt-hours and increase natural gas generation by an equivalent amount (US.
Environmental Protection Agency 1999a). Implementation of a cap-and-trade program is
projected to lead to greater shifts in generation, with coal-fired generation decreasing by
41 billion kilowatt-hours and gas-fired generation increasing by approximately the same
amount. Predicted changes in other electricity sources, such as nuclear or renewable power
are not reported.

The impact of mercury controls on fuel use appears to be related to the policies for
other emissions, notably SO0 and CO1 . When a 50 percent SO 2 reduction is implemented
along with mercury MACT, coal generation is projected to fall by 25 billion kilowatt-hours
rather than 15 billion kilowatt-hours for the mercury MACT alone (US. Environmental
Protection Agency 1999a). In contrast, when carbon reductions are also required, the
projected reduction in coal generation from mercury MACT is only 1 billion kilowatt-hours
(US. Environmental Protection Agency 1990a).
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Figure II. Changes in Coal and Natural Gas Generation in 2010 Due to
Mercury Policies
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surce: U.S. Environmental Protection Agecy 1999a.

B. Climate Change

Within the past decade, climate change has emerged as a major focus of U.S. and
international environmental policy discussions. Many studies have estimated the economic
impacts of the Kyoto Protocol, which would commit the U.S. and other developed nations to
substantial reductions in CO, and other greenhouse gas (GHG) emissions by the 2008-12
rime period.

Kyoto Protocol

The Kyoto Protocol represents the first international initiative that would create
binding GHG targets.

a. Policy Overview

In December 1997, representatives of the world's nations gathered in Kyoto, Japan,
under the auspices of the Framework Convention on Climate Change- The Third Conference
of the Parties (COP3) produced the Kyoto Protocol. The provisions of the Kyoto Protocol are
summarized as follows:
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* Industrialized nations, the so-called 'Annex I" parties, agreed to reduce their
emissions of six greenhouse gases by about 5 percent, on average, between 2008
and 2012, relative to 1990 levels. Different national emission targets were set
The U.S. target is a 7 percent reduction relative to 1990 levels.

* Trading of national emission rights (targets) among Annex I countries is allowed,
as is project-by-project bilateral exchange of credits (joint implementation)
among Annex I countries.

* Annex I countries can receive credits for reductions accomplished in non-Annex I
countries (developing countries), using the Clean Development Mechanism
(CDM).

* Banking of emission credits to subsequent periods is allowed, (i.e., between the
2008 to 2012 compliance period and subsequent periods) but targets for periods
beyond 2012 are not specified.

* Nations are given sovereignty in selecting domestic policy instruments to achieve
the national targets.

o Provisions are made to include "sinks" (Le_, carbon sequestration) in the
calculation of compliance with targets.

* The Protocol enters into force only when it is ratified by 55 nations, as long as
those countries include Annex I countries representing at least 55 percent of 1990
Annex I CO, emissions.

International developments are proceeding to complete elements of the Kyoto
Protocol. In November 1998, during the Fourth Conference of the Parties (COP4) in Buenos
Aires, Argentina, delegates developed a work plan for the following two years, including
schedules for concurrent development of rules for international trading, joint implementa-
tion, and CDM. In October and November of 1999, the Fifth Conference of Parties (COPS)
met in Bonn, Germany, and continued work to develop the rules and procedures to
implement the Protocol.

Although a total of 83 countries and the European Union have signed the treaty, only
29 countries-all developing nationshave ratified the Protocol. The US. has signed the
treaty, but has not committed to ratifying the Kyoto Protocol. In fact, the U.S. Senate, by a
vote of 95-0, is on record that it will not provide its advice and consent to the Protocol
unless: (1) the Protocol also mandates specific commitments to limit or reduce GHG
emissions in the same compliance period by developing countries; (2) the Protocol does no
serious harm to the U.S. economy (U.S. Senate 1997). President Clinton has indicated that he
will not submit the treaty to the Senate absent these conditions (Tebo 1998). Implementation
of the Kyoto Protocol, therefore, is clearly speculative. Assessing the impacts of the Kyoto
Protocol, however, is useful to illustrate the implications of limits on GHG emissions.
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b. Policy Impact

Virtually every study indicates that implementation of the Kyoto Protocol in the U.S.

could result in a major shift in the electric generation fuel mix. The impact of the Kyoto

Protocol in the US. also depends substantially on the availability (and price) of international
CO2 credits. As noted, the Kyoto Protocol allows for several trading mechanisms designed to
reduce the global cost of meeting the targets. As many studies have indicated, the global cost
of meeting Kyoto targets would be substantially reduced if the U.S. and other Annex I
nations could take advantage of relatively cheap emission reductions in developing countries
(see, e.g., Weyant and Hill 1999, Toman et al. 1999). With the exception of the CDM,
however, the programs only allow trading among Annex I countries. In addition, as numerous
authors have noted, many hurdles would have to be overcome before full international
trading could be implemented successfully (e.g., Harrison 1997, Kopp et al. 1998).

The Energy Information Administration (EIA) has evaluated the following cases
regarding CO, reductions (U.S. Department of Energy 1998b):

1. Business-As-Usual (BAU)-This provides a benchmark, i.e, no domestic CO2

targets. Under BAU, CO2 emissions are projected to be 33 percent above 1990
levels in 2010 and 43 percent above 1990 levels in 2020.

2 Full International Trading-This case assumes that the U.S. domestic target
would be 24 percent above 1990 levels, which implies that the bulk of the
required U.S. reduction would be obtained through international CO, trading.

3. Annex I Trading-This case assumes a domestic target equal to 9 percent above
1990 levels, with Annex I trading beingused to obtain the additional credits
needed to achieve the Kyoto target.

4. No Trading-This case assumes that the entire US. target would have to be
achieved by domestic CO, reductions. In this case, the domestic CO2 target is
assumed to be 3 percent below 1990 levels. (The remainder of the Kyoto
requirement that U.S. carbon emissions be 7 percent below 1990 levels is assumed
to be achieved by decreases on other GHG emissions and increases in carbon
sinks.)

Figures 12 and 13 report EIA results on the impact of the Kyoto Protocol based upon
the Annex I trading case. As discussed below, the other assumptions regarding international
trading lead to very different results. The two figures show the fuel mix, under BAU and
Kyoto, in 2010 and 2020, respectively.

Figure 14 shows historical trends in fuel mix and fuel mix projections based upon
implementation of the Kyoto Protocol, combined with NOx and SO2 policies, as evaluated by
the Electric Power Research Institute (Electric Power Research Institute 2000). The results are
similar to the EIA results.

These results indicate that implementation of the Kyoto requirements in the U.S.-
Under the assumption of Annex I trading-would lead to dramatic shifts in the electric
power generation fuel mix, particularly by 2020. The shifts include:
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Figure 12. Electric Generation Fuel Mix in 2010, Business-As-Usual and Kyoto
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Assumes U.S. domestic CO2 target equal to 1990 + 9 percent (Annex I Trading).

Source: U.S. Department of Energy 1998b.

Figure 13. Electric Generation Fuel Mix in 2020, Busines-As-Usual and Kyoto
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The Kyoto case assumens U.S. domestic CO, target equal to 1990 + 9 percent
(Annex I Trading).

Source: U.S. Department of Energy 1998b.
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Figure 14. Impact of Regulatory Policies on US. Electric Generation Fuel Mix
4,500
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Fuds in the figure shown in the same order as the list Projected impact based on a domestic Kyoto
target of 9 percent above 1990 levels (Annex 1 trading case), the NOx SIP Call, and a 50 percent
reduction in electric utility SO2 targets.
Source: U.S. Bureau of Census 1975, U.S. Bureau of Census 1999, and Electric Power Research

i2,0tute 2000.

* Coal percen rage would decline dramatically-The percentage of generation
accounted for by coal would decline in 2010 from 50 percent under BAU to

26 prnt under Kyoto and in 2020 om 48 percent under BAU to 13 percent20

ls in the figure shown in the se order as the Projed impact based on a domes Kyoto

_arget of 9 percent above 1990 levels (Annex 1 trading case), the NOx SIP Call, and 2 50 percent
reduction in electric utility S02 targets.
Sourc,: U.S. Bureau of Census 1975, U.S. Bureau of Census 1999, and Electric Power Research
institute 2000.

CoNatural percentage would decline dreas--The percentage o generation percent
accounted for by natural gas would declincrease in 2010 from 50 percent under BAU
to 4 percent under Kyoto and in 2020 from 34 percent under BAU to 13 percent
58 percent under Kyoo.

Both nler and renewable percentage would increase substticulay by 2020-Bypercent

2020, both nuclear and renewable percents would be higher in the Kyoto case

accounted for by natural gas wouldease in 2010go from percent of generation under BAU
to 45 percent under Kyoto. Rnwab d in 2020 from 9 percent under BAU to
15 percent under Kyoto.

ot that oilr remains a very small percent of the electricity fuel mix under ither BAU

or Kyoto.

Figures2020, both nuclear and rene16 show thable effecents would be hidifernt Kyoto international trading
relassumptions on the to BAU. Nuclear would go from 8 percent of ges for 2010 and 2020tionvely, based upon the EAU

analysis. The range is substantial, particularly in 2020:

e coal percent in 2020 for Kyoto rangewables would go from 3 percent under No Trading to
30 percent under Full International Trading.

Note that oil remains a very small percent of the electricity fuel mix under either BAU
or Kyoto.

Figures 15 and 16 show the effects of different Kyoto. international trading
2ssumptions on the fuel mix percentages for 2010 and 2020, respectively, based upon the EIA
analysis. The range is substantial, particularly in 2020:

The coal percent in 2020 for Kyoto ranges from 3 percent under No Trading to
30 percent under Full International Trading.

Furing Electriciry Growtb for a Grouing Econmy 43 650
DOE652-0

DOE002-0660



Parr 111 Impact of Regulatory Initiativcs on Electriciy Fuel Use

Figure IS. US. Electric Generation Fuel Mix under Different
Kyoto Trading Cases, 2010
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Figure 16. US. Electric Generation Fuel Mix under Different
Kyoto Trading Cases, 2020
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* The natural gas percent in 2020 for Kyoto ranges from 60 percent under No
Trading to 47 percent under Full International Trading.

* The nuclear percent in 2020 for Kyoto ranges from 15 percent under No Trading
to 11 percent under Full International Trading.

* The renewables percent in 2020 for Kyoto ranges from 20 percent under No
Trading to 11 percent under Full International Trading.

As these results show, full international trading would substantially reduce the
economic impact of the Kyoto Protocol on the U.S. electricity system. As shown m the
Appendix, similar shifts in the electric power fuel mix due to the Kyoto Protocol are
predicted by other studies.

In addition to inducing large shifts in the electricity generation mix, implementation
of the Kyoto Protocol could lead to substantial increases in electricity costs and rates.
Interactions with other regulatory initiatives may lead to additional costs not accounted forby analyses focusing solely on climate change policies. A recent EPRI study, for example,suggests that the relative time tables for implementing the NOx SIP Call and Kyoto Protocol
would lead to premature retirement or reduced utilization of electricity generation units with
NOx control investments (Electric Power Research Institute 2000). Under the current NOx
SIP Call, NOx pollution control investments would need to be made by 2003. These.nvesrnents would be made obsolete if the Kyoto Protocol were implemented-only four to
five years after the NOx SIP Call-because CO, reductions would lead to collateral
reductions in NOx emissions. Figure 17 shows the electric unit capacity for which emission
control investments are projected over the period 2000 to 2012 as well as the eventualutilization of the units over the period 2018 to 2020. The figure also lists the amounts of the
overall investments in NO, and SO 2 controls for the various cases. In the BAU case, most ofthe units represented in the $11.6 billion investment in NO, and SO, control necessary tomeet NOx SIP Call and Tile IV (Phase 1I) S02 requirements would still be operating in the2018 to 2020 period. In contrast, if the SO2 and CO 2 initiatives were put in place, relativelylittle of the $3.0 billion investment in NOx pollution control would be operating in the 2018
to 2020 period. No additional investment in SO, is necessary under the Kyoto targets due tocollateral SO 2 reductions from CO2 policies.

Figure 18 shows EIA estimates of the electricity rate effects of the Kyoto Protocol in2005, 2010, and 2020. (These results assume Annex I trading, i.e., a domestic U.S. CO2target equal to 9 percent above 1990 level.) Compliance with Kyoto would raise theelectricity price in 2010, for example, by 3.0 cents per kilowatt-hour from 6.0 cents perkilowatt-hour to 9.0 cents per kilowatt-hour, an increase of 50 percent. The rate effects of theKyoto Protocol would be substantially different under other assumptions regarding interna-
tional GHG trading. The EIA estimates that the impact of the Kyoto Protocol on 2020electricity prices would be 1.7 cents per kilowatt-hour under full international trading, and3.4 cents per kilowatt-hour under no international trading.
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Figure 17. Amount and Fate of Emission Control Retrofits for SO, and NO, Cop
Compliance under C02, SO,, and NOx Policies and Business-As-Usual
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All but 6-10 GW of capacity is at coal-fired units. All scenarios include the NOx SIP CalL TheCxrrcnt Policy Direction also includes the Kyoto Protocol (U.S. domestic emissions at1990 + 9 percent levels with Annex I trading), the NO, SIP Call, and a 50 percent reduction inSO, from Tile IV Phase U levels. The '2030 Carbon Glide Path' uses more gradual CO2 emissionreductions while maintaining the same cumulative COc emissions as the Current Policy Direction.
Source' Electric Power Research Institute 2000.

The Appendix to this report provides additional information on the impact of the
Kyoto Protocol on the electric utility sector and other economic conditions. The following
areas are discussed:

1- Fuel utilization;

2. Energy prices and expenditures;

3. Overall U.S. economic performance; and

4. Regional economic differences.
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Figure 18. Electricity Prices under Business-As-Usual and the Kyoto Protocol
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Updated to 1999 dollars.
Source: U.S. Department of Energy 1998b.

C. Water Quality

Regulations related to water quality can have substantial impacts on individual
electric power facilities. This section considers the impacts of three water quality programs:

1. Water Quality Standards and Criteria Development and Implementation;
2. Total Maximum Daily Loads (TMDLs); and
3. Requirements related to Cooling Water Intake Structures (CWIS).

I. Water Quality Standards, Criteria Development, and Implementation

The Federal Water Pollution Control Act (known as the Clean Water Act) is the
primary means for regulating surface water pollution in the U.S. The Clean Water Act (CWA)
requires that virtually all entities obtain a permit before discharging pollutants into navigable
waters from a specific source. The permit program, or National Permit Discharge Elimina-
tion System (NPDES) program regulates discharges of pollutants into surface waters. The
CWA allows states to manage this program, if approved by EPA. The resulting NPDES
permitting program bases its limits on industry-specific effluent guidelines and the develop-
ment and implementation of water quality standards developed by each state.
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a. Policy Overview

In issuing NPDES permits, the appropriate regulatory authority is required to impose
effluent discharge limitations necessary to ensure state water quality standards are main-
tained. Water quality standards consist of two parts. First, states must designate certain
beneficial "uses" for each water body. Second, regulators must develop water quality
"criteria" necessary to protect the beneficial uses. (These critera include maximum
concentrations of water pollutants) Therefore, water quality standards serve two purposes.
They establish the water goals for a specific waterbody, and they serve as the basis for water
quality-based treatment controls and strategies beyond the minimum technology-based
levels of treatment

Since the passage of the CWA, many refinements have been made to the supporting
documentation defining the fundamental components of water quality criteria. In addition,
amendments to the CWA and regional initiatives have pushed the boundaries of -water
quality-based permitting." They have added significant complexity to issues such as the
limits of analytical methods, definition and measurement methods for concepts such as
"toxiciry" and 'bioaccumulation factor," and improved knowledge on the fate and transport
of particular pollutants. These refinements have had the effect of refocusing the permitting
program from a technology-based program to a more sophisticated program based on water
quality, a program which could be more difficult to assess and administer

b. Policy Impact

These changes mean that point source dischargers now are faced with more restrictive
effluent limitations in their permits. More pollutants will be addressed, lower limits will be
required, and mechanisms for flexibility in meeting these limits will be reduced. This
increases the cost of compliance, the administrative costs of assuring that compliance, and
the legal costs associated with permit negotiations. These increased costs could affect fuel
choice and energy prices and could raise energy supply concerns.

2. Total Maximum Daily Load Program

A major component in future water quality-based permit limitations will be the TotalMaximum Daily Load (TMDL) program. A TMDL is the amount of a pollutant a waterbody can assimilate and still maintain applicable standards. To ensure that water quality
standards are attained, TMDLs can result in effluent standards that are more stringent than
technology-based standards for specific individual sources, categories of point sources, ornon-point sources. TMDLs must be developed for all individual pollutants that may
adversely affect the attainment of water quality standards.

a. Policy Overview

The TMDL process is mandated by the CWA to address situations involving water
bodies that do not currently meet applicable water quality standards. The CWA creates a
mechanism for the review of water quality limited water bodies to determine whether morestringent permit conditions may be required. The TMDL process establishes a link between
individual water, body water quality assessments and water quality-based permit actions.
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The EPA has recently revised the current regulatory requirements for establishing
TMDLs under the Clean Water Act. The rule is effective in October 2001. The new rule
modifies and expands the requirements for the development and implementation of a TMDL
The revisions detail the required elements of TMDL plans, including allocations of
wasteloads to all point and non-point load sources. More stringent TMDLs could potentially
affect all sources, including electric generation facilities located on or near impaired
waterways. There are currently 20,000 impaired water bodies and this number is expected to
double as a result of the new regulation.

b. Policy Impact

The focus on TMDLs may result in more stringent pollutant discharge limits as a
result of water quality-based- permitting. Indeed, contributions from airborne pollutants
must be considered when setting a TMDL. Therefore, more stringent limits on air emissions
may result, particularly for mercury and NOx. There may be limitations on economic growth
on or near impaired waterways as a result of the TMDL program. While it is difficult to
estimate the costs of compliance with permit limitations that may result from TMDLs,
anecdotal evidence for contaminants of concern (e.g., mercury) suggests that compliance
costs for some plants could exceed $100 million.

State water pollution control administrators have estimated that the average cost of
calculating TMDLs for the current backlog of 40,000 TMDLs is in the range of S13-S23
mnilion per state. It is expected that more than 80,000 TMDLs will need to be calculated as
a result of the recent EPA regulations.

3. Cooling Water Intake Structure Regulations

Section 316(b) of the CWA requires that the best technology available (BTA) for
minimizing adverse environmental impacts applies to the location, design, construction, and
capacity of any cooling water intake structure such as those used by power generation
facilities. Steam electric power plants use more water for cooling purposes than any other
industrial use. Power plants use water to cool the steam that turns turbines to generate
electrical energy. In 1993, EPA announced its plans to develop new Section 316(b) rules,
which sparked a debate over the actions that would be necessary. The debate centers around
what necessary or appropriate action is needed to minimize adverse environmental impacts
to affected aquatic populations as a direct result of the cooling water intake structure. In the
end, generation facilities could be faced with requirements to retrofit cosdy technologies
following strict location and design criteria.

a. Policy Overview

No S 316(b) rules currently exist, although a substantial body of guidance, adminis-
trative precedent, and case law have shaped the implementation of S 316(b) on a case-by-
case basis for the past 25 years. EPA attempted to establish S 316(b) rules in the 1970s. These
rules were challenged on procedural grounds and suspended. Since then, state and federal
permit writers have implemented S 316(b) on a case-by-case basis as a part of permit
renewals.
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EPA is currently in the process of developing 5 316(b) regulations. These renewed
efforts to develop rules were prompted by a consent decree signed by EPA as a result of a
lawsuit filed in 1995 (Cronm v. Browner, 898 E Supp. 1052, S.D.N.Y.) by environmental
groups seeking to compel EPA to issue regulations under 5 316(b). EPA agreed to a
rulemaking schedule to issue proposed regulations by July 2, 1999 and to promulgate final
S 316(b) regulations by July 1, 2001. EPA was not able to meet the original deadline for filing
proposed S 316(b) regulations, but has extended the deadline (U.S. Environmental Protection
Agency 1999d). In 1999, the EPA filed a motion to bifurcate the rulemaking into two phases,
one addressing new facilities and the other addressing existing facilities. These two phases
would have separate schedules, with final action on both phases to be completed by April 1,
2004. EPA recently promulgated proposed regulations for new facilities (65 Fed. Reg.
49060).

b. Policy Impact

The existing 5 316(b) determinations by EPA and authorized state permitting
agencies have required owners of plants with CWISs to undertake a variety of measures,
including changes to intake structurs, retrofits of units with closed-cycle cooling towers,
mitigation activities (e.g, fish ladders and wetlands restoration), and monitoring programs.
The forthcoming EPA S 316(b) guidelines could significantly change the outcomes of future
determinations if they adopt "one-size fits all" technology requirements and burdensome
study requirements.

The EPA proposal for new facilities would establish national requirements based
primarily on the location of the facility. A major concern among utilities and other owners of
facilities subject to 5 316(b) requirements is that the proposed regulations set performance
criteria that can only be met by recirculating cooling systems (i.e., cooling towers). Moreover,
the proposed rule would set a dangerous precedent for existing facilities. Several studies have
estimated the potential national costs of requiring these retrofits (Stone and Webster 1992,
Veil 1993, Veil et al. 1993).? The costs can be viewed as an upper bound to the potential
costs under S 316(b), because cooling towers are typically one of the most costly alternatives
available to reduce organism losses and may not be suitable as BTA. Nevertheless, it is useful
to document these costs as an indication of the costs that might be incurred and the changes
in fuel mix that might result.

Installation of cooling towers results in two major types of costs. The first type of cost
relates to the cooling towers themselves, including the capital cost of installing the retrofit
(which can exceed $500 million in 1999 dollars) and the additional costs of operation and
maintenance. The second kind of cost results from the losses of energy and capacity due to
turbine back pressure (which makes turbines operate less efficiently) as well as the auxiliary
power requirements of the cooling towers. The size of the power losses range from 1.1 to
4.6 percent of the rated capacity at fossil-fuel units and from 1.0 to 5.8 percent at nuclear
units (Veil et al. 1993).

25 These studies were developed in the context of a proposed legislative change that would have
removed the variance under Section 316(a) and thus potentially required closed-cycle cooling.
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Table 7 provides estimates of the potential costs of retrofitting electricity plants with
closed-cycle cooling towers based upon two studies, one by Stone and Webster (1992), and
one by Argonne researchers (reported in two documents, Veil et al. 1993, Veil 1993). As of
1993, both studies reported that 189,000 megawatts of power from 679 plants had CWIS.
The two studies provide similar overall results for the present value of costs of retrofitting
these 679 plants with closed-cycle cooling towers. The overall costs (translated into 1999
dollars) are $45.9 billion according to the Stone and Webster study, and between

- 40.4 billion and $54.8 billion according to the Argonne study. The annualized total cost of
these cooling towers over 20 years would be $4.3 to $5-2 billion per year."

A requirement to retrofit plants with closed-cycle cooling towers could have two
types of impacts on the electricity fuel mix:

1. Replacement power for energy/capaciry losses-Energy and capacity penalties
- from cooling tower operation would require additional generation from other

plants to replace those losses.

2. Replacement power for premature retirement-Given the potential costs of
adding cooling towers, some facilities are likely to retire rather than install
cooling towers. To the extent this option is exercised, additional generation
would be required to replace the capacity lost.

The two studies did not assess fuel mix impacts. (The studies do note the potential
energy/capacity losses involved, as reported in Table 7.) It seems clear, however, that the bulk
cf the facilities that face potential S 316(b) regulatory requirements are large coal-fired and
nuclear units. As of 1993, 146,000 megawatts of fossil-fired generation and 43,000

Table 7. Present Value of Costs of Retrofiting Existing Electric Utility CWIS with
ClosedCycle Cooling Towers

Replacemenr Energy
and Power Cooling Tower

Total Total Total
Lost Lost Energy Capacity Capital Total Total

Energy Capacity Costs Costs Costs 0 r M Cost
Study (billion kWh) (MW) (billion) ($billion) (Sbillion) (Sbillion) (Sbillion)

Stone and Webster - 8,842 $11.4 $2.5 $30.3 $1.7 $45.9
Argonne 14.7- 3,050- $13.0- $1.6- $25.9- - $40.4-

23.7 4,940 21.0 6.0 27.8 54.8
Costs are in 1999 dollars, adjusted from reported dollars using the GDP deflator
(U.S. Department of Commerce 1999).
Source. Stone and Webster 1992; Argonne resula from Veil et al. 1993 and Veil 1993.

26 Assuming an interest rate of 7 percent.
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megawatts of nuclear generation had CWIS structures, making them potential candidates for
the cooling tower installation requirements. The large majority of potentially affected fossil-
fueled unirs are coal-fired units.2 In contrast, combined-cycle gas units, hydroelectric
facilities, and some renewable technologies (e.g., solar and wind) do not utilize CWIS, and
would not be affected by a S 316(b) rulemaking.

D. Waste Disposal

Various programs regulate the disposal of wastes from power plants. This section
considers two major programs:

1. Solid and hazardous waste regulations under the Resource Conservation and
Recovery Act (RCRA);

2. Nuclear waste regulations established by the Nuclear Regulatory Commission.

i. Solid and Hazardous Waste Regulations

RCRA requires the EPA to set standards for the handling, shipping, and disposal of
solid and hazardous wastes. These regulations apply to certain wastes generated by electric
power facilities. In most cases, the EPA has delegated the authority to implement the waste
regulations to state regulatory authorities.

a. Policy Overview

The primary wastes from electric generation facilities include high-volume wastes-
wastes from the combustion of fossil fuels-and low-volume wastes, such as boiler cleaning
chemicals, boiler blow-down, used oil, and degreasers. Management of these wastes is
prescribed in the RCRA rules, which determine whether wastes must be handled according
to less stringent solid waste regulations or significantly more stringent hazardous waste rules.
All types of electric facilities generate low-volume wastes. Current regulations allow low-
volume wastes associated with fossil fuel combustion to be treated as non-hazardous wastes
and co-managed with high-volume wastes.

The principal high-volume waste of consequence is ash from coal-fired facilities.
Regulation of this ash is currently covered by the Bevill Amendment to RCRA, which
exempts high-volume wastes from hazardous waste regulations as long as coal is the primary
fuel burned (Le., more than 50 percent) (58 Federal Register 42466 1993). This exemption
allows coal-fired units to co-fire with other fuels (e.g., tires, contaminated soils, and used oil)
without the risk that ash would be designated as a hazardous waste.

27 Veil 1993 surveys 20 percent of the potentially affected fossil-fired units. Of the surveyed units,
81 percent were coal units, with the remaining gas, oil, or co-fired gas/oil units.
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On April 25, 2000, the EPA announced that it would not regulate combustion wastes
as hazardous wastes under Subtitle C of RCRA, thus extending the exemption under the
Bevill Amendment (FR 65 32214). The EPA stated that it might reconsider this determination
based on the evaluation of new scientific information, as it becomes available. At the same
time, the EPA plans to develop national standards to address combustion wastes from coal-
fired units that are presently either disposed in landfills or surface impoundments or used in
minefill applications under Subtitle D of RCRA (65 Federal Register 32214 and 32231,
respectively). These standards may lead to changes in regulatory requirements for coal
combustion waste management from current state regulations

b. Policy Impact

With the exception of coal-fired facilities and nuclear facilities, which are addressed
later waste streams from generation facilities using other types of fuel are relatively similar
These facilities primarily generate low-volume wastes that, for the most part, are non-
hazardous and can be managed on-site and with methods that do not have to meet more
costly hazardous waste disposal standards. Coal ash is a relatively significant waste stream,
although disposal currently does not have to meet hazardous waste standards under therecent EPA determination. The cost of disposal of these wastes under the standards to bedeveloped under Subtitle D of RCRA would depend upon the stringency of those standards.
More stringent standards could impose some constraints and potential additional costs on
coal-fired facilities.

2. Nuclear Waste

Radioactive waste is a natural product of electricity generation at nuclear power
plants. Numerous regulations exist to ensure that individuals working at nuclear plants and
living in proximity to such plants are not exposed to unsafe radioactivity.

a Policy Overview

Nuclear power plants produce wastes of varying levels of radioactivity. The NuclearRegulatory Commission (NRC) is responsible for all aspects of managing these wastes,including safe disposal of nuclear waste and proper management during transportation and
storage. Numerous NRC regulations concerning the generation, handling, and disposal ofsuch wastes have been developed Other agencies, including the Department of Energy(DOE) and the Department of Transportation (DOT), also are involved in the nuclear waste
management process.

Probably the most important and least resolved issue in nuclear waste management isthe siting of nuclear waste disposal facilities. Facilities must be sired for two kinds of waste

Low-level waste-This category includes wastes that are relatively low in
radioactivity and have a short half-life. These wastes are currently regulated at
the state level, although the NRC develops guidelines to ensure proper transport
and storage of these wastes and licenses disposal facilities.
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High-level waste-This category primarily includes spent fuel rods containing
short-lived fission products and long-lived radionuclides. High-level wastes must
be disposed of in accordance with NRC policies that require higher levels of care
and protection than low-level wastes.

To manage low-level wastes, states have entered into agreements to package and
transport wastes to the two NRC-licensed disposal facilities in the U.S. Although low-level
wastes generated at nuclear plants have been declining in quantity in the past decade, a
shortage of disposal facilities has caused many plants to store their wastes on-site for longer
than expected (U.S. Nuclear Regulatory Commission 1998, Holt 1996).

The management of high-level nuclear wastes is controlled by the Nuclear Waste
Policy Act (NWPA) of 1982. The NWPA requires the DOE to select and develop a permanent
repository for high-level wastes. The DOE currently is studying the suitability of Nevada's
Yucca Mountain as a high-level waste repository. On August 6, 1999, the DOE issued a draft
Environmental Impact Statement (EIS) that assesses the prospects for developing a perma-
nent repository at Yucca Mountain and the impact of transporting high-level wastes to the
repository. It is becoming increasingly unlikely that the Yucca Mountain facility will be able
to accept wastes by the mandated opening date in 2010 (Holt 1998).

The current status of nuclear waste disposal can be summarized as follows (Holt
1998):

Current on-site storage-Until spent fuel can be shipped to an off-site storage
facility, it is stored on-site in pools of water that are beginning to reach their
maximum storage capacities at many facilities. Thus, there is a growing need for
the spent fuel to be stored at a permanent or off-site repository.

* Interim storage-As on-site storage has begun to reach capacity, many utilities
have called for the DOE to build an interim storage facility until a permanent one
opens. Development of such a repository in the Skull Valley Reservation is being
considered.

* Permaner repository-The siting of this facility has been a slow process. After a
long selection process the Yucca Mountain site was chosen, although many still
oppose this choice. The process of testing and developing the Yucca Mountain
site has been slowed by many factors.

b. Policy Impact

The eventual cost of proper disposal of nuclear wastes will be substantial for most
nuclear facilities. To support the DOE's cuxenr siting efforts, utilities that own nuclear plants
are required to pay annual fees to the Nuclear Waste Fund. Currently, the fee is equal to one-
tenth of a cent per kilowatt-hour generated by nudear power. As of the end of the 1995 fiscal
year, the fees and interest totaled approximately $14 billion, although this total is likely to be
a fraction of the eventual costs (Nuclear Energy Institute 1999).

Delays in the opening of a final high-level waste repository and shortages in low-level
waste disposal facilities may impose several costs on utilities that own nuclear units. Access
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to waste disposal sites may become more expensive or unavailable in the future. On-site
storage facilities would need to be expanded, and continued on-site management wouldimpose additional costs. Siting of interim storage facilities, if developed, also would represent
an additional cost. Extending lives beyond current nuclear retirement dates would increase
generation of low-level and high-level wastes and thus potentially add to the costs of wastedisposal. These added costs could affect electric utility decisions to relicense or continue tooperate nuclear power facilities.

E. Energy Policies

This section considers many energy policies, other than restructuring, that are likelyto have substantial effects on electric power fuel use. We consider the following policies in
this category:

1. Hydro relicensing;

2. Nuclear relicensing;

3. Renewable energy policies;

4. Power plant siting requirements;

5. Natural gas facility siting requirements;

6. Oil and gas drilling constraints.

1. Hydro Relicensing

Hydropower is the largest source of renewable energy in the U.S., with a summercapacity of 77,650 megawatts in 1997 (U.S. Department of Energy 1998a). This 1997 valuerepresents more than a doubling of the 1960 capacity of 33,300 megawatts. Almost no newhydroelectric capacity is anticipated in the next several decades because of various factors,including increased regulatory hurdles and expenses, uncertainty over the success of licenseapproval, and competition from other technologies (U.S. Department of Energy 1998a, Huntand Hunt 1997).2 Indeed, many existing facilities will need to undergo relicensing over thenext decades in order to continue operation. Failure to relicense these facilities and/orimposition of operational constraints on power generation as a result of relicensing mayreduce the contribution of hydroelectric power This section focuses on the policies affectingthese relicensing decisions.

a. Policy Overview

The Federal Power Act (FPA) requires virtually all hydroelectric facilities to belicensed by the Federal Energy Regulatory-Commission (FERC). After the expiration of

28 The Annual Energy Oudook 1999 forecasts hydropower capaciy of 7851 thousand megawatts in2020, only 0.91 thousand megawats, 12 percent, greater than ]997 levels.
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initial license, which runs for up to 50 years, the facility must be relicensed in order to
continue generating power. The process for relicensing existing facilities is essentially the
same as the process for an initial license. Relicensing applications must be submitted five
years in advance of the original license's expiration date.

The licensing process has undergone substantial changes over the years. The most
recent significant changes occurred with the Electric Consumers Protection Act (ECPA) of
1986, which amended the FPA. These amendments required FERC to do the following:

* Give equal consideration to development (e.g., electricity and flood control), and
non-development (e.g., habitat and fish), values;

* Attach conditions to licenses that would mitigate or protect wildlife and fish
populations affected by the facility;

* Base these conditions on recommendations from federal and state wildlife
agencies, unless FERC determines that they are inconsistent with the law;

* Provide an explanation for rejecting any recommendations;

* Attempt to resolve inconsistencies between recommendations.

Other legislation, such as the Clean Water Act (Section 401) and the Endangered
Species Act, has increased the number of agencies participating in relicensing decisions.
Recent FERC rules have attempted to address problems and delays caused by the increased
complexity of the licensing process.30

b. Policy Impact

A total of 239 hydro facility licenses will expire between 1997 and 2020 (Hunt and
Hunt 1997), and they must undergo relicensing in order to continue operation. These
facilities have a total capacity of 19,489 MW, about 26 percent of all hydroelectric capacity."
When original licenses were granted, there were few environmental laws placing require-
ments on facilities. As noted, facilities coming up for relicensing must comply with more
recent environmental laws that impose new constraints on operations. The additional costs
and constraints include the following:

* Environmental Impact Statements--License applications must now include a
detailed EIS, which can be costly to prepare.

29 See U.S. General Accounting Office 1992 for a detailed description of the factors affecting funurehydroelectric capacity.
30 For example, more recent rules combine the pre-filing consultation process and environmental

review process in an effort to reduce the length of time required to complete the relicensing (18
Code of Federal Regulations Parts 4 and 375 1997).

31 An additional 2,728 MW of capacity had pending relicense applications as of the 1997 Hunt andHunt report.
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Environmental mitigation-Renewed licenses may include requirements that
certain environmental mitigation activities be performed to reduce facility impactThese activities include installation of fish passage devices, improvements in fish
habitats, stocking of fish species, and other fish protection measures.
Changes in generation and capacity-The new license may require increases ordecreases in allowable capacity and generation Increases may occur because of
improvements in turbine efficiency or because limits originally may have been
determined by local demand rather than facility capacity. Decreases may occurdue to environmental restrictions on when and how much flow the facility must
produce." These conditions may change both the aggregate quantity of power
that can be generated and the flexibility to provide power during peak periods.

Passage of the ECPA has increased the level of input from agencies outside of FERCin relicensing decisions, leading to large numbers of changes in the relicensing process (U.S.General Accounting Office 1992). The current process of relicensing typically is longer andmore expensive than it was before ECPA, and frequently imposes more operational
constraints on hydroelectric units. From 1994 to 1996, relicenses were processed in about45 years on average, compared to less than three years on average over 1986 to 1988 (Huntand Hunt 1997). The actual role of these non-FERC agencies continues to evolve over time,making the outcome of future relicensing decisions difficult to predict. The following
relicensing decisions provide some perspective on the current issues:

Tacoma or Jefferson County case-In 1994, the Supreme Court held that statewater quality agencies could, acting under the authority granted in the CleanWater Act, force hydroelectric facilities to accept water flow or quantity
conditions necessary to maintain water quality standards. This is the first instance
in which state resource agencies imposed conditions rather than making recom-
mendations in relicensing decisions.

Cushman case--FERC recently approved a license for the Cushman Hydroelec-tric Project that would impose significant restrictions on operations, leading to
economic losses of $2.5 million a year according to FERC estimates. The electricutility maintains that these losses run counter to the Federal Power Act, whichrequires that licenses be issued on "reasonable terms" (Federal Power Act, Section
15).

Eugene case-The 1997 relicensing of two dams owned by the Eugene Water &
Electric Board has been appealed for a number of different reasons, including
FERC's authority over wildlife and other environmental issues and the baselineused to measure fish benefits. The latter dispute is over the use of a baseline based
on natural" conditions (i.e., conditions without the plant operating) in estimat-
ing the impacts of hydropower operations.

32 These conditions include increased minimum bypass flows, water releases for fish passagefacilities, restrictions on reservoir fluctuation, and limits on downstream flow release fluctuations.
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Edwards case-In 1999, FERC ordered the dismantling of the Edwards Dam on
the Kennebec River, the first time that FERC has required dismantling of a dam
over the objections of its owners. Dams in other areas have been dismantled, but
always with the agreement of the owner.

These examples suggest that the effects of FERC policy and the recommendations of
outside agencies on the fate of hydroelectric relicensing are unsettled.

Given the significant uncertainty over these policy decisions, the impact of relicensing
requirements on hydroelectric power generation is difficult to predict. A recent study
commissioned by the Department of Energy (Hunt and Hunt 1997), provides some insight
into the potential magnitude of the impact. Table 8 summarizes the impact and costs to the
electric power sector for hydroelectric relicensing over the historical period of 1980 to 1996
and for a projected period from 1997 to 2010. The historical period is divided into the period
before ECPA (1980 to 1986), and the period after ECPA (1987 to 1996).

Tob!e C. Impoct of Hydroelectric Relicensing

Pre-ECPA Post-ECPA Projecte
(1980-1986) (1987-1996- (1997-2010)

LcNtc s EXPIRDNG
Capacity (MW) 3,256 3,238 2,217
Plants 63 163 520
Percent of Total 1995 Capacity 4% 4% 30%

CoSTS (MUON S$1999)
License Processing $175 $233 $1,125
Lost Peaking Capacity $0 $250 $1,576
Lost Generation $43 $550 $4,493
Mitigation Measures $539 $1,205 $5,150

Total Costs $756 $2,238 $12,345

ELECTRIC SYSTEM IMACTS
Peaking Capacity Loss (MW) 0 104 166

Percent of relicensed peaking capacity 0.0% 5.6% 5.0%
Generation Loss (million kWh/yr) 65 681 5,300

Percent of licensed generation 0.6% 5.0% 5.9%
Includes pending relicense applications as of 1997.

Historical estimates include lost capacity from surrendered licenses. Many surrenders are from
licensed facilities that were never construaedLThe value of lost generation from surrendered units
is based on average utilization and prices for existing facilities Costs are in 1999 dollars, adjusted
from reported dollars using the GDP deflator (U.S. Department of Commerce 1999). Capacity and
generation costs are based on the costs over 30 years. The report does not state whether costs are
discounted.

Source: Hunt and Hunt 1997.
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Changes in the relicensing process and resulting determinations due to ECPA have
impacted hydroelectric power generation (Hunt and Hunt 1997):

* Increased peaking capacity losses-Wbile no capacity losses were experienced in
the seven years prior to ECPA, 104 megawatts of peaking capacity, 5.6 percent of
total, have been lost in the ten years since ECPA. The estimated value of these
peaking capacity losses is $250 million.

* Increased generation losses-Losses in power generation increased from 65 mil-
lion kilowatt-hours, 0.6 percent of relicensed generation, to 681 million kilowatt-
hours, 5.0 percent of relicensed generation, after the passage of ECPA. The value
of these generation losses over 30 years after relicensing has increased from
$43 million to $550 million, a more than twelve-fold increase, since ECPA.

* Increased mitigation measures-The cost of environmental mitigation measures
increased from $539 million, S166,000 per megawatt, to $1,205 million,
S372,000 per megawatt, after ECPA.

* Increased license processing fees--Average license processing fees across all
facility sizes have increased from $54,000 per megawatt to $71,960 per
megawatt. The processing fee per megawatt varies with the facility size. Since the
post-ECPA units contain more small facilities, which have higher costs per
megawatt, the increase in costs across all facilities actually understates the
increase in relicensing costs for a particular sized facility.

The cumulative cost of all of these factors has increased from $756 million over the
seven years previous to ECPA to $2,238 million in the ten years since the passage of ECPA.
These trends suggest that environmental conditions required under relicensing have had an
increased impact on generation and capacity levels since the passage of the ECPA.

Hunt and Hunt forecast the impacts of future relicensing decisions over the period
1997 through 2010 based on extrapolating the outcomes from recent relicensing decisions to
future relicensing decisions." These estimates do not account for potential future changes in
FERC policies or the role of non-FERC agencies. The forecast of loss of peak capacity isabout 166 MW, while the forecast of loss of generation is about 5.3 gigawatt hours per year.
Total costs are forecast to be almost $12.3 billion, with environmental mitigation measures
of $5.2 billion and lost generation of $4.5 billion comprising almost 80 percent of these
costs.

2. Nudeor Relicensing

Nuclear power currently provides about 19 percent of electric power in the U.S.,
second in magnitude only to coal-fired generation. The initial operating licenses granted to
many existing nuclear units will expire over the next decade. These units will cease toproduce electricity unless they successfully apply to have their licenses extended.

33 Projected costs are based on a regression of costs over the period 1994 to 1996, and lost capacityand generanon estimates based on data from 1987 to 1996.
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a. Policy Overview

There were 105 nuclear generation units in the U.S. as of 1998 (Nuclear Energy
Institute 1999). The initial operating licenses were for 40 years. When these licenses expire,
operators have the option to renew the license for an additional 20 years. Renewal
applications have two principal components (U.S. Nuclear Regulatory Commission 1999a):

1. Integrated plant assessment--This assessment identifes and lists structures and
components subject to an aging management review (AMR). These structures and
components undergo substantial analyses to insure safe and reliable operation. If
necessary, some structures and components may be replaced.

2. Environmental review-This review analyzes the impact of an extension of the
plant's operation on the environment.

Applications must be submitted at least five years in advance of the license expiration
to ensure sufficient time to conduct an adequate review.

b. Policy Impact

On March 23, 2000, the Calvert Cliffs Nuclear Power Plant became the first plant to
achieve license renewal. The approval process took 22 months from the time the license
renewal application was filed with the NRC. The NRC has also received applications from
three other plants: Oconee Nuclear Station, Arkansas Nuclear, and Edwin I. Hatch. A large
number of additional applications are anticipated, with the NRC reporting future submis-
sions for 14 additional plants over the period 2000 to 2003. Licenses for about 10 percent of
the nuclear facilities will expire by 2010, and 40 percent will expire by 2015 (U.S. Nuclear
Regulatory Commission 1999a). Many of these nuclear facilities are applying for license
renewal far in advance of the expiration of their existing licenses.

The failure to relicense these facilities would mean that nuclear capacity and
generation would be replaced with other technologies. An EIA report examines cases with
different levels of nuclear power generation (U.S. Department of Energy 1998a). By
comparing these cases, the proportion of lost nuclear power made up by the other power
technologies can be determined. Based on these EIA cases, Table 9 shows the mix of fuels that
would make up for a decrease in nuclear generation in 2010. Virtually all of the
compensating generation would come from a combination of natural gas, 67 percent, and
coal, 23 percent

Nuclear retirements for noneconomic reasons also would tend to increase electricity
rates. The EIA report noted above does not provide estimates of the potential rate increases.

3. Renewable Energy Policies

Non-hydroelectric renewable energy sources currently make up less than 2 percent of
U.S. electric power generation. Over the next 20 years, the EIA projects that non-
hydroelectric renewable capacity will rise from 11.59 thousand megawatts in 2000 to 18.17
thousand megawatts in 2020 under BAU conditions (U.S. Department of Energy 1998a).
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Table 9. Increase in Generation from Other Fuel Types Due to Loss of
NucJear Capacity in 2010 (Percent of Total Increase)

Fuel Type Generation Increase
Coal 23%
Natural Gas 67%
Petroleum 10%
Renewables 0%

Total 100%
These results assume the implementation of no additional environmental policies, such as CO2constraints, additional SO2 reductions, or the NOx SIP Call. The figures are derived by takinggeneration differences between the high and low nuclear cases in 2010.
Srsce-: U.S. Department of Energy 1999b.

Restructuring of the electric power industry has led to concerns that the continued
development of renewable energy resources will be hampered by the new competitive
environment (Nogee et al. 1999, U.S. Department of Energy 1998a).

In response to these changes and concerns about the future of renewable energy, a
number of policies have been proposed to encourage the continued development ofrenewable energy resources. This section considers several policies to expand renewables,
including:

* Renewable Portfolio Standards;

* Green" pricing;

* Net metering; and

* Tax credits.

a Renewabe Portfolio Standards

(1) Policy Overview

The basic mechanism of a Renewable Portfolio Standard (RPS) is the requirementthat renewable energy resources generate a minimum level of energy. These proposals
typically target non-hydroelectric renewable resources, although some include hydroelectric
resources. While following this basic model, RPS policies and proposals differ along several
dimensions.

Targeting specific types of renewable resources-Particular types of resources
(e.g., solar or biomass) may have individual targets, or classes of resources may
have different targets.

* Changing targets-Percent targets may increase or decrease over time.
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· Policy termination-Targets may be phased our after some date, on the assump-
tion that the market stimulus is no longer necessary to develop the technology.

* Renewable credit rading-Many programs/proposals allow electric companies
to trade their obligations to utilize renewable power. Utilities not generating the
required portion of renewable electricity can purchase renewable electricity
credits from another electric company that generated electricity with renewable
resources in excess of the required quantity.

* Capping of costs-Many programs/proposals include a 'cost cape (i.e., a
maximum cost in cents per kilowatt-hour), to limit the cost of complying with the
RPS.

Many states have adopted an RPS and some federal electric power restructuring
proposals include one. The following examples provide a range of the requirements included
in recent state initiatives (US. Department of Energy 1998a):

* Connecticut breaks resources into two classes:

- Class I-Includes sustainable biomass, fuel cells, landfill gas, solar, and wind
power.

- Class 2-lndcudes other biomass, municipal solid waste, and conventional
hydroelectricity.

The program requires that by 2001, Class 1 resources must provide a minimum of
0.75 percent of output, and Class 1 and Class 2 resources must combine to provide
55 percent. By 2009, the Class I requirement grows to 6 percent, and an additional
7 percent must be met by a mix of Class I and 2 resources.

* Massachusetts requires that 1 percent of sales come from qualified energy sources
by 2003 and 15 percent by 2020. Qualified sources include biomass, landfill gas,
fuel cells, conventional hydroelectricity, ocean, thermal, and wind power

* Maine requires that by March 2001, 30 percent of total retail sales be from
biomass, fuel cells, geothermal, small hydroelectric, municipal solid waste, solar,
or wind.

* Texas requires 2,000 megawatts of new renewable capacity, including hydro, by
the year 2009, with intermediate targets in 2003 of 400 megawatts, 2005 of
900 megawatts, and 2007 of 1,400 megawatts.

Various federal restructuring bills have RPS targets ranging from 4 to 10 percent of
sales in 2010 and 10 to 20 percent in 2020. Many do not specify requirements as far out as
2020 (U.S. Department of Energy 1998a, Nogee et al. 1999). Indeed, many of the federal
proposals have sunset provisions in which requirements expire after a given time.

(2) Policy Impact

The impact of RPS policies depends greatly upon their details, including the type of
renewable resources targeted, the flexibility available to utilize least-cost renewable re-
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sources, the presence of a cost cap, and the timing. The impact on non-renewable resources
depends on what types of renewable resources are encouraged and whether they provide
peak or off-peak power.

Figure 19 summarizes the EIA's estimates of the effects of current state programs and
a national 7.5 percent RPS on renewable capacity additions by 2010 (U.S. Department of
Energy 1998a, U.S. Department of Energy 1999b). Approved state RPS programs are
projected to increase renewable capacity by 2,638 megawatts between 1999 and 2011, with
the Texas RPS accounting for the majority of this total-2,000 megawatts.? The EIA also
estimated that, as of 1998, state mandates and other requirements likely would contribute an
additional 1,372 megawarts of renewable capacity.3" The combined effect of these state
initiatives would be 4,010 megawatts of additional renewable power sources. As Figure 19
indicates, a federal mandate is projected to have a substantially greater effect on renewable

Figure 19. Estimated Renewable Copocity Additions by 2010 Due to
State Policies and National 7.S Percent RPS
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Source: U.S. Department of Energy 1998a, U.S. Department of Energy 1999d

34 The 2,638 estimate is calculated by adding the ElA's estimate of 638 megawatts of total new
capacity resulting from RPS in all states, except Texas, with the 2,000 megawatt RPS in Texas
(US. Department of Energy 1998a, Texas State Senate Bill 7 1999). The Union of Concerned
Scientists analysis of RPS in eight states, not including Texas, projects an additional 2,100
megawatts of renewable resources (Nogee et al. 1999). The EIA estimates that the additional 638
megawatts are comprised of 263 megawatts of wind power, 163 megawatts of solar powez and
137 megawatts of biomass.

35 The EIA does not state what these mandates and requirements are and how they relate to RPS. Its
capacity estimate is comprised of 1,017 megawatts of wind power, 149 of geotenrmal, 137 of
biomass, and 69 of landfill gas (U.S. Department of Energy 1998a).
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capacity than the current state programs. The federally initiated capacity increase represents
more than eight rimes the increase projected for the existing state regulations.

Figure 20 shows the increases in renewable generation that would occur under a
7.5 percent RPS. The national 7.5 percent RPS analyzed by the EIA includes solar, wind,
geothermal, and biomass, thus excluding hydroelectric and municipal solid waste resources.
The federal 75 percent RPS is projected to lead to nearly 33,000 megawatts of additional
renewable capacity beyond state requirements and abour 171 billion kilowatt-hours of
additional generation, assuming the cost cap does not apply (U.S. Department of Energy
1999b).

As shown in Figures 19 and 20, implemenration of the cost cap would significantly
reduce the impact of the 75 percent RPS. Regardless of whether or not the sunset provision
was implemented, only 1 gigawatt of additional renewable capacity would be developed if
the cost cap were implemented. The increase in renewable generation from the RPS would be
significantly smaller if the cost cap were implemented. Without the cap, renewable generation
would increase by 171 billion kilowatt-hours; the increase would drop to 36 or 38 billion
kilowatt-hours without the cost cap, depending on whether or not the sunset provision is
L'seC'.

Increases in renewable capacity and generation would be compensated for by
decreases for other fuels. Figures 21 and 22 show the EIA projections of the changes in
capacity and generation, respectively, in 2010 and 2020 due to the 7.5 percent RPS national
requirement with no sunset requirements and no cost cap. The largest impact of the RPS
would be on natural gas and coal-fired capacity. In 2010, coal power use is projected to

Figure 20. Estimated Renewoble Generation Increases by 2010 Due to
State Policies and National 7J Percent RPS
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Figure 2 . Changes in Electricity Capacity Due to a Nationol 7.5 Percent RPS
in 2010 and 2020
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Figure 22. Changes in Electricity Generation Due to a Notional 7.5 Percent RPS
in 2010 and 2020

Raewblies I S

E N l I G -8I8 G

0109

Rca wabki II 1s71

oS NranwlG -Illas

Cal -72

-150 100 -50 0 50 100 150 200 250

Generation (billion kWh)

Assumes no cost cap or sunset provisions.
Source- U.S. Department of Energy 1998a.

Fueling Elccirory Growth for a Growing Economy 65 672

DOE002-0682



Part m * Impact of Regulatory Initiatives on Eeccirty Fuel Use

decrease by 3 gigawarts and 72 billion kilowatt-hours, and natural gas is projected to
decrease by 20 gigawatts and 111 billion kilowan-hours. In 2020, the impact on coal use
would continue to escalate, while the effects on natural gas use are projected to decrease. In
2020, coal capacity is projected to decrease by 14 gigawatts and 109 billion kilowatt-hours,
while natural gas is projected to decrease by 12 gigawarts and 88 billion kilowatt-hours. The
impact results primarily from the "crowding out' of non-renewable generation with the
increase in renewable generation, although the relative impact across different fuels reflects
both the type of generation at the margin and changes in future capacity additions.

Implementation of a 7.5 percent RPS would lead to an increase in electricity prices if
utilities were required to use higher-cost renewable energy sources in order to meet the RPS
requirements. The EIA estimates that the national 75 percent RPS with no sunset
requirements and no cost cap would lead to increases in average electricity-prices of S1.9 per
megawatt-hour in 20i0, in 1999 dollars, or about a 3 percent increase (U.S. Department of
Energy 1999b). The total impact of this price increase is projected to be S5.8 billion in 2010.
The estimated impact on rates declines over time as the renewables are projected to become
more competitive with other fuels, due in part to lower costs from the market penetration
promoted by the RPS.

The size of electricity price increases would depend in part on the cost of developing
new supplies of fuel for biomass generation. Current biomass power generation relies
primarily on wood waste for feedstock, although expansion of biomass generation to achieve
a 5 percent national RPS (or to achieve anticipated levels to meet the Kyoto targets) would
require development of a significant market in agriculture and forest crops devoted to
biomass production. Factors that may affect development of such markets include time lags
in production of woody crops with three to six year rotations, farmer perception of the risk
of new crop markets, and development of financial and contracting arrangements (Electric
Power Research Institute 2000). The increased competition for land generated by demand for
biomass crops also may lead to food price increases (Electric Power Research Institute 2000,
Walsh et al. 1998).

b. Green Pricing and Marketing

(1) Policy Overview

Green pricing and marketing allow consumers to voluntarily support the develop-
ment of renewable energy resources through their electric power payments." "Green"
pricing refers to programs run by regulated electric companies that allow consumers to
encourage the development of renewable energy by paying a higher price per kilowatt-hour
than standard energy. The additional payments typically are used to support increased
investment in renewables resources or to purchase renewable energy from independent
producers. As of June 1998, about 40 electric companies offered green pricing programs
(Nogee et al. 1999).

36 The term "green' power is used here to refer to only renewable resources. Some states (e.g.,
Texas) have included natural gas as a 2green" power source.

66 Fueling Electriciy Growth for a Crowing Erconoy 6 3

DOE002-0683



Part m Impact of Regulatory Initiatives on Elecriciry Fuel Use

Green marketing refers to the offering of electricity services from renewable resources
by competitive suppliers in an electricity market with retail competition. Green marketing
has begun in several states with retail electricity competition-California, Massachusetts,
Rhode Island, and Pennsylvania. Pilot programs have been initiated in other states-New
Hampshire, Massachusetts, Oregon, and Colorado (Wiser et al. 1999).

(2) Policy Impact

Green pricing has achieved some success to date, with about 40 programs currently
operating (Nogee et al. 1999). These programs have an average penetration rate of about
1 percent, with about 45,000 customers participating nationally (Nogee et al- 1999). This
level of customer participation is estimated to create about 45 to 50 megawatts of new
renewables capacity (Nogee et al. 1999).

Green marketing has been developed in California, Massachusetts, Rhode Island, and
Pennsylvania, with about 20 total products available across the four states (Wiser et al.
1999). In California, retail marketing has had limited success since the default service price,
based on wholesale generation prices, offered to customers who remain with the incumbent
provider is much lower than the price that can be offered by retail marketers. Consequently,
only 0.9 percent, or about 78,000, residential customers had switched by the end of 1998
(Wi.er et al. 1999).37 Among residential customers who have switched suppliers, approxi-
mately 30,000 to 40,000 customers, or 40 to 50 percent, have opted for green power
products. Among customers who did not opt for green power products, almost all have been
switched to green products so that marketers can take advantage of the 1.5 cent subsidy per
kilowatt-hour, which will be gradually phased our. The comparatively low default service
price also has forced marketers to rely on non-price attributes, such as the appeal of green
power, to be competitive.

In Pennsylvania, an estimated 100,000 of the 450,000 residential customers that have
switched are utilizing green power products (Wiser et al. 1999). The total number of
customers switching represents almost 10 percent of all residential consumers, with about
2 percent selecting green products. The higher success of retail marketers in Pennsylvania is
attributed primarily to the use of 'shopping credits" intended to cover supplier marketing
and overhead costs in addition to the wholesale cost of electricity (Noge et al. 1999, Wiser
et al. 1999).

c. Net Metering

(1) Policy Overview

For many electricity users who have installed renewable energy sources to supplement
or fully power their electricity demands, it is important to be interconnected with the

37 The number of non-residential consumers switching to non-incumbent providers has been much
larger In total, about 11.6 percent of all load has switched providers, although 97 percent of this
load was comprised of non-residential consumers (Wiser et al. 1999). These consumers are most
likely to select providers based on price rather than other attributes of the energy provided
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electricity grid. Interconnection allows users to draw energy when their self-generation is
inadequate and supply energy when their self-generation exceeds their demands (Nogee ct al
1999, Wan and Green 1998). Net metering is a policy that allows electricity customers to
maintain flexibility by only billing them for the net amount of energy consumed. This is
accomplished by allowing customers to run their electricity meter backward during periods
when they supply electricity, and forward when they draw energy. If they are net suppliers of
energy, these customers typically receive the wholesale market price.

Many states adopted net metering as a part of implementing federal PURPA
standards. Net metering legislation is in place in 25 states, although the type and size of
technologies eligible and the terms of net metering differ (U.S. Department of Energy 1999a,
Wan and Green 1998). Utilities in a number of other states also offer net metering, although
they are not required to do so.

In addition to providing interconnection to the electricity grid for renewable
resources, net metering also may provide interconnection for other distributed resources.
These resources include technologies such as fuel cells and natural gas microturbines.
Because of concerns about the potential revenue loss from expanded growth of renewables
and distributed resources, seven states have placed caps on the quantity of generation that
can bt interconnected through net metering (Nogee ct al. 1999, U.S. Department of Energy
1999a). These caps insure that potential revenue losses to utilities from net metering do not
become too significant.

(2) Policy Impact

Despite the fact that net metering programs have been available for more than ten
years in many states, evidence suggests that the effect of metering programs on non-bydro
renewables has been limited (Wan and Green 1998). For example, a Minnesota law has
existed since 1983, but there are only 110 net metering customers (Wan and Green 1998).
Relatively little information on net metering programs is available since electric companies
typically are not required to report results (Wan and Green 1998). Anecdotal evidence,
however, suggests that relatively few customers participate (Wan and Green 1998).

d. Tax Credits

(1) Policy Overview

The Energy Policy Act of 1992 made federal tax credits available for several types of
renewable energy. The tax credits include a 10 percent investment tax credit for solar and
geothermal energy, extended from previous legislation, and a production tax credit of $15.00
per megawatt-hour for wind and "closed Joop" biomass technologies.

(2) Policy Impact

The provision of production tax credits has been important to sustaining some
continued growth in the wind power industry because wind power is often not much more
expensive than other sources (Nogee ct al. 1999). Due to the high cost of "closed loop"
biomass facilities, no biomass facilities have taken advantage of the production tax credit.
This situation might change if biomass credits were extended to other types of biomass
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generation, particularly the co-firing of biomass with coal. Overall, experience suggests thattax credits could increase investment in renewable technologies if costs were similar to those
of other non-renewable generation options.

4. Constraints on Siting Power Plants
a. Policy Overview

The siting of all industrial facilities has grown increasingly complex over the pastseveral decades. These complexities arise from several factors, including:
* Enironmental permit requirement-Many additional permits are required in

order to site facilities, including local land use variances, air and water quality
permits, and other local, state, and federal permits.

* Involvement of local interests-Local interests have become increasingly involved
n the process of siting industrial facilities. This involvement may be initiated
through a variety of means, including participatory siting processes and legalactions.

These factors suggest that any proposed new electricity plant would have toovercome many regulatory hurdles. The precise hurdles depend on the location of the facility,the types of impact, and the specific groups involved in the process.
Table 10 shows estimates of new electric generation facilities based on capacityforecasts by the EIA. A total of 967 new fossil fuel generation facilities would be required

Table 10. Projected New Electricity Generation Fcilities 2005 to 2020

Average Plant Number of Facilities
Size (MW) 2005-2010 2010-2020

BUSESS-As-UUAL
Coal 400 7 21Combined Cycle (Gas) 250 157 371Combustion Turbine (Gas) 160 184 227
Totals 

248 619

KYOTO
Coal 400 0 0Combined Cycle (Gas) 250 447 526Combustion Turbine (Gas) 160 14 60
Totals 461 586

The Kyoto scenario assumes a domestic target of 1990 + 9 percent emissions with Annex I trading
Number of facilities calculated by dividing estimates of capacity additions from the EIA projectionsby assumed plant sizes.
Source- US. Department of Energy 1998b.
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from 2005 to 2020 under BAU. Under the Kyoto Protocol this number would increase to
1,047. These estimates assume that all additional capacity is developed in new sites. Some
additional capacity might result from the re-powering of existing units, such as coal-burning
plants, that would not require the development of new sites.

b. Policy Impact

The growing complexity of the siting process means the siing of an electric facility
has become increasingly lengthy and costly in the past several decades. All types of electricity
generation facilities have experienced difficulties, including renewables, although there are
differences across fuel types. These differences are very difficult to quantify.

5. Constroint on Siting Noturol Gas Delivery Foalities

The use of North American (US. and Canadian) natural gas supplies for electric
generation units requires transmission pipeline networks to move gas from wellhead
locations to end users. The most efficient method to import gas from sources outside of
North America is as a highly compressed and cooled liquid (liquefied natural gas or LNG).
Receiving and using LNG require port facilities and equipment to return the gas to pipeline
conditions. All of these facilities require approvals from various federal and stare agencies.
These processes affect the cost and feasibility of expanding natural gas use by electric
utilities.

a. Policy Overview

Siting new natural gas pipelines requires several types of reviews and approvals
(Resource Data International, Inc. 1999). The key reviews include the following:

* FERC approval-FERC must approve all pipeline expansions, including a
determination of the necessity of each project.

* Landowner opposition-Opposition by landowners or nearby residents may
impact siting through several channels, including the FERC approval process.
This opposition may arise due to right-of-way issues or environmental concerns.

Problems at any stage of siting, particularly caused by landowner opposition, may
significantly delay a project and lead to cost increases.

b. Policy Impact

Demand for narural gas pipelines will continue to grow in the coming decades. Table
11 reports results from a rccen study by Resource Data International, Inc. (RDI) (Resource
Data International 1999). Over the period 1990 to 1998, about 15,000 miles of pipeline
were laid, with another 16,000 miles projected for the five-year period from 1999 to 2004.
Projections over the next five-year period from 2005 to 2010 depend on assumptions
regarding the Kyoto Protocol. The projected miles of natural gas pipeline range from 12,000
under BAU (i.e., no Kyoto Protocol), to 24,000 miles under the Kyoto Protocol with no
international trading.
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Table I1. Historical and Projected New Natural Gas Pipeline Copocity:
1990 to 2020

Period Miles of New Pipeline
1990 to 1998 (actual) 15,000
1999 to 2004 16,000
2005 to 2010

Business-as-Usual 12,000
Kyoto-Full International Trading 15,000
Kyoto-Annex I Trading 21,000
Xyoto-No Trading 24,000

Source. Resource Data Inernational, Inc. 1999

Successful installation of additional natural gas pipeline could pose significant
challenges to the siting process. The recent RDI study concludes:

Landowner opposition, regulatory hurdles, and contractual issues have slowed
pipeline constructon in recent years. Such delays could not be tolerated in the tight
timeframe for Kyoto Protocol implementation and would jeopardize U.S. compliance and gasdeliverability. (Resource Data International 1999)

The U.S. currently has four LNG terminals (see Figure 23). Current imports of LNG
supplies are only 0.08 trillion cubic feet (TCF) per year, or less than 0.5 percent of U.S. gas

Figure 23. US. Liquefied Natural Gas Facilities

US. LNG Import Locations

-No Ac tite f

Source. Electric Power Research Institute 2000.
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demand. At full capacity, the existing four facilities could handle 1 2 TCF per year (Electric
Power Research Institute 2000).

The limited use of LNG in the U.S. is due to the high cost in comparison to other
North American sources (e.g., see Resource Data International 1999). Increases in future
natural gas prices may make LNG resources more competitive.

6. Constraints on Oil and Gas Drilling

Major domestic natural gas reserves are in areas that are subject to drilling
restrictions. These areas arc offshore ocean reserves and reserves on federally owned land.
This section discusses policies that place restrictions on the development of energy resources
in these locations.

a Policy Overview

Primarily in response to past oil spills-such as those off Santa Barbara and in
Alaska's Prince William Sound-there is a moratorium on new offshore drilling leases on the
U.S. Outer Continental Shelf (OCS), except for thi central and western regions of the Gulf of
Mexico (see Figure 24). In June 1988, this drilling. moratorium was extended to 2012
(Resource Data International 1999).

Figure 24. Lower-48 Moratorium Areas for US. Drilling

MoratorDum Area'

.Ok to DrieMoratorium Area

Ok to Drill Area aoonun Area

t.loratoium currema iri effect :hrouh 20' 2.

orrc. Resource Data International 1999.
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Prior to the establishment of the offshore drilling moratorium, the oil and gas
industry established the potential for substantial quantities of'gas in many offshore areas
including Florida, North Carolina, and New Jersey (Electric Power Research Institute 2000).
Furthermore, advances in offshore drilling technology around the world during the last
decade have significantly enhanced the likelihood that these areas can provide future gas
supplies (Electric Power Research Institute 2000). The Potential Gas Committee (PGC)
projects 54 TCF of natural gas in areas subject to the moratorium. Other assessments have
estimated the total to be more than 100 TCF (Electric Power Research Institute 2000).
Although not affecting near-term supplies of natural gas, a continued moratorium on
offshore drilling may affect long-run supplies in the post-2020 period.

There are also several constraints on oil and gas drilling on federal lands, particularly
in the Rocky Mountain region. The Department of Interior has suggested that some federal
lands will be off limits to future drilling but has not named them, raising some uncertainty
for development of gas reserves in this region. Drilling in these areas would in many cases
require agency decisions that are subject to public participation. In past cases, environmental
groups have intervened to oppose drilling activities on public lands, as seen in the opposition
to drilling leases in the Lewis and Clark National Forest (Resource Data International 1999).
In other cases, drilling may affect particular local, environmental, or resource issues leading
to other local conflicts. Drilling may, for example, affect the level of water aquifers since
drilling frequently pumps out water in addition to oil or gas (Resource Data International
1999)."

b. Policy Impact

Although constraints on access to various reserves may not affect attainment of near-
term natural gas demand, when demand is higher these sources may need to be utilized. The
impact reported in the recent RDI study of the Kyoto Protocol (see the discussion of climate
change policies) is based on the assumption that drilling would be permitted in the Eastern
Gulf and in other sensitive regions (Resource Data International 1999). If this drilling were
prohibited, the estimated impact reported by the RDI study may be greater With regard to
public lands, RDI states that 'producers have voiced concerns about reaching a 30 TCF
market without access to these public lands" (Resource Data International 1999).

The recent EPRI study examines the effect of the off-shore drilling moratorium on
long-run natural gas reserves under a policy scenario or Current Policy Direction, that
includes the Kyoto CO2 targets, the NOx SIP Call, and additional SO2 reductions (Electric
Power Research Institute 2000). Using natural gas reserve estimates from the PGC, the study
projects that the supply of natural gas may be constrained within the next 50 years if the
drilling moratorium is not repealed. Such a supply constraint likely would lead to increases
in the price of natural gas.

38 Management of pumped water can address this impact For example, the water could be used foragricutural irrigation, which returns the water to the aquifer (Resource Data Iternational 1999).

Fweling lectricry Grow, for a Growing Economy 73

680

DOE002-0690



Part m + Impact of Regulatory Initiatves on Electriciry Fuel Use

Table 12 shows the years in which the PGC reserves become constrained under
different scenarios." Based on the PGC reserve estimates, reserves would be constrained by
2031 in the business-as-usual case and by 2025 under the Current Policy Direction with high
macroeconomic growth 40 A repeal of the offshore drilling moratorium after it expires in
2012, however, would have a significant effect on reserves. As shown in Table 12, repeal of
the moratorium could increase the lifetime of natural gas supplies by 15 or more years under
expcted economic growth.

These projections are based on current reserve estimates. Future reserve estimates
may be greater due to technological advances or discovery of new resources. Higher natural
gas prices also would increase reserve estimates by making it economical to obtain gas from
tight sands (i.e., gas in formations with low permeability), deep gas deposits, and methane
hydrates (Electric Power Research Institute 2000, Environmental Law Institute 1999).

Toble 12. Projected Years of Natural Gas Reserve Constraints under
CO,, NOx, and SO 2 Policies

Year

Moratorium Continued Morarorium Contirued Moratonriu Repealed
and Crrent PGC and Asssssment of and Assesment of

Assessmen of Gas Resources Gas Resources
Gas Resources Ineased Increased

Business-As-Usual 2031 2038 2050+
Current Policy Direction 2027 2035 2050+
Current Policy Direction with 2025 2031 2045
High Economic Growth

U.S. gas resources arc 'constrained' when 9.5 years of reserves remain (Electric Power Research
Insitrut 2000). Ar this point proven reserves cannot be replaced, resultng in a decline in
dliverability and some form of rationing (Electric Power Research Instiute 2000). Reservs include
proven, probable, possibe, and speculative resources (Potential Gas Committee 1999). Current
Policy Direction includes a CO, policy achieving the Kyoro targets through 9 percent domestic
reductions and interational CO, permit purcbase, an SOz policy reducing emissions 50 percent
beyond Title IV Phase II targets, and a NOx policy implementing the NO SIP Cal
Source: Electric Power Research Instirte 2000.

39 In this context, the reserve is constrained when only 9.5 years of reserves are remaining (Electric
Power Research Institute 2000). At this point proven reserves cannot be replaced, resulng in a
decline in deliverabiliry and some form of rationing Electric Power Research Institute 2000).
Resrves include proven, probable, possible, and speculative resources (Potential Gas Committee
1999).

40 As noted above, the Current Policy Direction includes the Kyoto Protocol (Annex I trading, U.S.
domestic target of 1990 + 9 percent), the NOx SIP Call, and a 50 percent reduction in urility SO5
emissions.
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This chapter summarizes the impact of potential policies and regulatory initiatives on
electricity fuel use and other measures. Conclusions and implications for energy and
environmental policy are given.

A. Impact of Regulatory Policies on Fuels Used for Electric
Generation in the Next Two Decades

Table 13 provides a qualitative summary of the impact of the environmental and
energy policies on the various fuels used for electricity generation over the next two decades.
This is intended to provide a rough indication of the direction and magnitude of the potential
impact and indications of conflicts and similarities.

The qualitative assessments are relatively crude. A positive sign (+) indicates that the
initiative would positively affect the use of a given fuel; a negative sign (-) indicates a
negative impact. The number of signs, ranging from one to three, indicates the potential
importance of the policy to the particular fuel. No entry is provided when a fuel is not
affected or when the impact is generally similar for all fuels.

These rough impact assessments suggest that most fuels would be subject to both
positive and negative influences under these regulatory initiatives. The overall impact on each
fuel type can be summarized as follows:

1. Coal-While coal's low cost and abundance could increase utilization of coal,
current regulatory initiatives generally would decrease coal utilization. The most
significant initiatives are the policies affecting air emissions and climate change.

2. Natural gas-Natural gas is currently the fuel of choice for new electricity
generation and is favored by many regulatory initiatives. Several policies may
limit the rate of natural gas expansion (pipeline siting constraints) and the long-
term availability of reserves (drilling constraints).

3. Nudear-Some regulatory initiatives, particularly climate change policy, could
increase nuclear utilization significantly, while others, such as the requirement to
relicense units or large cooling water investments and the unresolved issue of
nuclear waste disposal, may provide a constraint to continued utilization.

4. Hydroelectric-Due to low variable costs, hydroelectric units are anticipated to
run at full capacity. Hydroelectric relicensing may impose operating conditions or
constraints that may reduce generation capacity and limit when these units can
provide power

5. Non-hydro renewables-Non-hydro renewables are anticipated to experience
some continued growth and a stable share of the fuel mix. Several regulatory
initiatives would increase utilization of non-hydro renewables, including climate
change policies and policies directly targeting non-hydro renewables.
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Table 13. Potential Quolitative Impocts of Regulatory Policies on
Electricity Generation Fuels in the Next Two Decades

Natural Non-Hydro
Coal Gas Nuclea Hydro Renewables

Am QUALTY
NOx
SOM y
Mercury

CLMATE CHANGE - ++ + + + +

WATER QUAITY

Effluent Guidelines
Cooling Water

WASTE DrsposAL
Solid/Hazardous
Nuclear

ENERGY PoUCIES
Hydro Relicensing
Nuclear Relicensing
Renewables Policy + +
Siting Generating Plants - - - -
Siting Natural Gas Pipelines
Drilling Constraints

A minus sign (-) indicates that the policy would negatively affect the use of the given fuel for
electric power within the next two decades. A plus sign (+) indicates that the policy would
positively affect the use of the given fuel for electric power within the next two decades The
number of signs provides a qulitative indication of the potential magnitude of the impact of
alternative policies. Oil is not included as a fuel because it is projected to account for less than I
purcent of the fuel mi

B. Overall Impact on Costs and Electricity Prices

These various policy initiatives also could have substantial effects on the cost and
price of electricity as well as the overall economy.

I. Impact on Electricity Generation Costs and Rates

These various policy initiatives could have substantial effects on the overall cost and
price of electricity. No comprehensive assessments are available for all of the initiatives,
although this report summarizes results for the individual policies.
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Climate change is projected to have the largest impact on electricity rates. The KyotoProtocol with Annex I trading is projected to increase 2020 electric rates about S30 permegawatt-hour (in 1999 dollars), which is almost a 45 percent increase in current prices. Theimpact would be almost twice as great with no international carbon trading and about one-third as great under complete international carbon trading.

2. Other Impacts

The cumulative impact of these regulatory initiatives could extend to the economy asa whole. The studies reviewed in this report predict that electricity price increases and othercosts could adversely affect the U.S. economy, leading to short-term increases in inflation anddecreases in the rate of overall economic growth. Abrupt changes also could createsubstantial regional declines in employment in energy-producing areas.
In addition to the cumulative impact, the piecemeal nature of the policy initiativescould lead to conflicts. As noted in the recent EPRI report, some of the capital costs incurredmay be unproductive because of the timing of the various policies. In particular, the capitalequipment installed to comply with additional NOx and SO 2 constraints required in 2003and 2007 may be scrapped if the plants were required to comply with CO2 requirementsassumed to begin in the 2008-12 period.

The potential inconsistency of air quality and climate change requirements is anexample of the more general issue of inconsistency among the various potential policiesSome predicted changes for a given initiative may not be achievable if other policy initiativesare undertaken. Constraints on the siting of gas pipelines or drilling of natural gas, forexample, could limit the feasible increase in natural gas use, at least within the next twodecades. Thus, the extensive shift to gas-fired generation predicted under climate changeoolicies may not be feasible in light of other policies that are carried out at the same time.-hese possibilities reflect the disadvantages of a piecemeal approach to energy andenvironmental policy that does not take into account interactions among policy initiatives.

C. Concluding Remarks and Implications
The studies reviewed in this report indicate that future energy and environmentalpolicies and regulations could have substantial effects on the future electric power fuel mixand on electricity costs and rates. The fact that energy and environmental policies could leadto major shifts in the electric power fuel mix and have other economic ramifications does notmean that the policies or regulations are not warranted. One can view the policies andregulations as necessary corrections to market decisions on electricity fuel use. As long as thecorrected prices of the various fuels reflect social costs (including costs related to environ-mental and other extemalities), according to this market view, the resulting fuel mix shouldnor cause concern
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The policies and regulations outlined in this report are not as ideal as this market
view implies." Regulations on air pollution do not consist of a series of flexible emission
charges reflecting external social costs. Rather, the potential air pollution policies include
relatively inflexible regulatory requirements (e.g., NSR), as well as relatively flexible maxket-
based approaches (e.g., SO2 trading). Some of these programs set targets on the basis of
benefits and costs (e.g., Section 316(b) water regulations); others expressly exclude benefit-
cost considerations (e.g, setting of NAAQS). Some of these programs are based on
approaches that tend to minimize the cost of meeting objectives (e.g., SO, trading program,
RPS proposals); others are based on approaches that do not provide for cost minimization
(e.g., NSPS). Moreover, policies typically are not coordinated; thus, negative and positive
interactions are not taken into account.

The results presented in this report suggest three implications for future policy
analyses:

First, the potential interaction effects from this large number of regulatory and policy
initiatives suggest the usefulness of taking a broad look at electricity generation and the
factors that influence its future. A piecemeal approach to regulatory policy seems ill suited to
this situation. p

Second, the substantial costs and impact of these policies suggest the importance of
detailed policy analyses that would consider the costs and benefits of policy alternatives. It
would be particularly useful to develop means of achieving policy objectives that avoid
excessive costs and major dislocations of the energy and electric power systems.

Third, the potential for expensive scrapping of control equipment before the end of
its useful life suggests the importance of considering the appropriate timing and not just the
desirable level of regulatory requirements. It would be useful to consider whether temporal
flexibility could be provided to electricity generators that would reduce the overall costs
while maintaining important environmental and energy policy objectives. Greater flexibility
in timing also would allow for time to develop lower emissions facilities and less expensive
technologies that would further reduce the costs and overall impact of achieving desirable
policy objectives.

41 See Davies and Mazurek 1999, Hahn 1999, Porney 1990, Center for Strategic and International
Studies 1997, and Stavins 2000.
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Appendix-Detailed Impact of the Kyoto Protocol

This Appendix provides information on the effects of the Kyoto Protocol on the
electric generation sector, energy prices, and the U.S. economy. The following are addressed:

1. Impact on fuel utilization;

2. Increased energy prices and expenditures;

3. Impact on the overall U.S. economy;

4. Regional economic impacts.

A. Impact on Fuel Utilization

Several recent studies have evaluated the effects of the Kyoto Protocol on fuels usedfor electricity generation. These studies show that projected shifts in the electric power fuel
mix due to the Kyoto Protocol are quite similar in spite of many differences in theassumptions about economic and energy parameters, model structure, and other policies in
effect. This similarity of resuhs is sometimes obscured because the studies do not necessarily
use the same assumptions about international carbon trading.

Figure 25 reports the percentage of coal in the fuel mix estimated in various economicstudies, grouped by international CO, trading case. The coal percentages are very similar

Figure 25. Estimated Percentage of Cool in the Electric Generation Fuel Mix
in 2010 from Different Studies by Kyoto Carbon Troding Cose

50%

20%

No Trad (-3%) Acn I Tnm (9%) IMl Trdc (+X%) BAU

BRDI EIA DwEFA *EPRI DEPA

Specific carbon targets in individual studies vary slightly.
Source: Resource Data International, Inc- 1999, US. Department of Energy 1-998, WEFA, Inc.1998, Energy Security Analysis, Inc. 1998, Electric Power Research Institute 2000, U.S.Environmental Protection Agency 1999.
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among the studies for each given trading case. Under Annex I trading all studies project that
coal would be 21 to 26 percent of the fuel mix in 2010.

Figure 26 shows that projections of natural gas use also are similar for each given
carbon trading case. With no international trading, natural gas utilization ranges from 43 to
57 percent of the electric energy mix in the studies. In contrast, gas utilization is much lower
under BAU conditions, ranging from 20 to 26 percent of the fuel mix in the various studies.

Figure 27 shows that the Kyoto targets do not have a major impact on nuclear use.
The increase in nuclear power utilization in the no internaional trading scenario relative to
the BAU case is at most 5 percent. Figure 28 shows the increase in renewable energy under
the various studies and carbon trading cases. The percentage of renewable energy does not
change dramatically under the alternative carbon cases. The non-hydro renewable share,
hovever, is affected more by the Kyoto Protocol. In the EIA study, the percent of non-hydro
renewable energy grows from 2.6 under BAU to 4.8 under the Kyoto Protocol with no
international carbon trading (U.S. Department of Energy 1998).

Figure 26. Estimated Percentage of Natural Gas in the Electric Generation Fuel
Mix in 2010 from Different Studies by Kyoto Corbon Trading Cose

. .
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Specific carbon targets in individual studies vary slightly.
Sorce: Resource Data International, Inc- 1999, US. Deparmncnt of Energy 1998, WEFA, Inc.1998, Energy Sccurity Analysis, Inc. 1998, Electric Power Research Institute 2000, and US.Environmental Protection Agency 1999.
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Figure 27. Estimated Percentage of Nudeor Use in the Electrnc Generation FuelMix in 2010 frm Different Studies by Kyoto Carbon Trading Case

No Tlde (3%) Awn I Trade (-*) Ifl Trkc (24 %) RAU

e|DI R EIA DWEA *EPJ DEPA |

Specific carbon targets in individual studies vary slighdy_
Source: Resource Data International, Inc 1999, U.S. Department of Energy 1998, WEFA, Inc.1998, Energy Security Analysis, Inc. 1998, Electric Power Research Institute 2000, and US.Environmental Protection Agency 1999.

B. Increased Energy Prices and Expenditures

Several studies estimated the impact of the Kyoto Protocol on energy prices andexpenditures. These studies indicated that energy prices and expenditures could increasesubstantially under Kyoto if full international trading were not put in place.

I. Natural Gas Prices

Figure 29 summarizes projections of natural gas prices under the Kyoto Protocolfrom several recent studies, differentiated by the assumptions regarding international tradingand resulting domestic U.S. requirements. The gas price increases reflect the effects ofincreased demand and taxes on carbon emissions. The impact on natural gas prices declinesas international emissions trading becomes broader. Increases in natural gas prices rangefrom 140 to 208 percent with no international carbon trading. The gas price increases rangefrom 71 to 97 percent with Annex I trading. With full international carbon trading, naturalgas prices are projected to increase about 50 percent. Note that in all cases natural gas pricesincrease significantly.
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Figure 28. Etimated Percentage of Al Renewobles in the Electric Generation FuelMix in 2010 from Different Studies by Kyoto Corbon Trading Case
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Specific carbon targcts in individual studies vary sligbdy.
Source: Rouruce Data International, Inc. 1999, U.S. Deparmenr of Energy 1998, EFA, Inc1998, and Eectric Powr Research Instirurt 2000.

igure 29. Projected Increases in Natural Gas Prices in 2010 from the KyotoProtocol under Alternative Troding Cases
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Source: U.S Department of Energy 1998, Charles River Associates Inc. 1999, WEFA, Inc. 1998and Electric Power Research Inrirute 2000.
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2. Coal Prices

Figure 30 summarizes the effects of the Kyoto Protocol on coal prices, differentiated
by the assumptions regarding international carbon trading. Coal price increases reflect the
effects of carbon taxes. Decreased demand for coal may have an offsetting effect, although
these projections suggest that the carbon taxes have a more significant effect on prices. As
expected, the impact on coal prices declines with the implementation of international
emissions trading. The percent of increase in coal prices ranges from 550 to 660 percent with
no trading, declines to 270 to 370 percent under Annex I carbon trading and 60 to 150
percent under full international carbon trading. Note that in all cases coal prices increase
dramatically.

3. Eectricity Prices

In addition to inducing large shifts in the electricity generation mix, implementation
of the Kyoto Protocol could lead to substantial increases in electricity prices. Figure 31 shows
EIA estimates of the electricity rate effects of the Kyoto Protocol in 2005, 2010, and 2020.
These results assume Annex I trading (i.e., a domestic U.S. CO, target equal to 9 percent
above 1990 level). In 2010, the Kyoto Protocol would raise the electricity price 3.0 cents perIblowatt-hour, from 6.0 cents to 9.0 cents, an increase of 50 percent. The rate effects of the
Kyoto l}otocol would be very different under other assumptions regarding international
carbon trading. The EIA estimates that the impact of the Kyoto Protocol on 2020 electricity
pnrices would be 1.7 cents per kilowatt-hour under full international carbon trading, but3.4 cents per kilowatt-hour under no international carbon trading.

uigure 30. Projected Increases in Coal Prices in 2010 from the Kyoto Protocol
o 70.% t.___
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Source. U.S. Department of Energy 1998, WEFA, Inc. 1998, and Electric Power Research Institute2000.
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Figure 31. Electricity Prices under Business-As-Usual and the Kyoto Protocol
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Updated to 1999 dollars.
Sowuce: US. Department of Energy 1998.

Figure 32 shows projections from various studies of the increase in electricity pricesthat would result from implementation of the Kyoto Protocol. As with the other energysectors, the size of the price increase varies substantially with the level of carbon emissions
trading assumed. With full international trading, price increases range from 25 percent toalmost 60 percent. With no trading, price increases range as high as 130 percent.

4. Household Energy Expenditures

Higher energy prices would lead to substantial increases in household energyexpenditures. Figure 33 shows the changes in household energy expenditures projected as aresult of the Kyoto Protocol when combined with the NOx SIP Call and additional SO2reductions consistnt with potential PM2 standards (Electric Power Research Institute2000). Household energy expenditures include payments for home heating, air conditioning,and electricity but exclude transportation expenditures. By 2020, U.S. households areprojected to pay 22 percent more for energy under the baseline growth assumptions.
Note that these figures show the net result of two opposing phenomena. As energyprices rise, households spend more money on any given level of energy use, which raisesexpenditures. However, higher prices cause consumers to reduce their overall use of energy,thus lowering energy use. The projected reduction in household energy use is shown in Figure34. Energy use is projected to decline about 15 percent relative to BAU as a result of theKyoto, NO,, and SO, initiatves. This means that household expenditures would increase
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Figure 32. Projected Percent of Increase in Electricity Prices in 2010
from the Kyoto Protocol
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Sowrce- Charles River Associates Inc 1999, U.S. Deparntrn of Energy 1998, Resource Datanternational, Inc 1999, WEFA, Inc. 1998, and Elctric Power Research Insirure 2000.

Figure 33. Impact of CO, SO, ond NOx Policies on
Residential Energy Expenditures
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Results illusrate the percentage inc rease rclative to busines-as-usual case. The policies include theKyoto Protocol (U.S. domestic emissions at 1990 + 9 percent levels with Annex I trading), the NO,SIP Call, and a 50 percent reduction in S02 from Tide IV Phase HI levels.
Source- Electric Power Research Institute 2000.
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Figure 34. Impact of CO2 S02, and NOx Policies on
Residential Energy Consumption
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Results illustrate the pecentage increase relative to business-as-usual case. The poliies include theKyoto Protocol (U.S. domestic enions at 1990 + 9 percent kvels with Annex I trading), the NO,SIP Call, and a 0S percent reduction in SO, from Tide IV Phase I levels.
Sourrce Electric Power Research Institute 2000.

under these policy initiatives while the quantity of energy services households receivediminishes.

C. Adverse Impact on the U.S. Economy

Since energy and electricity are such an essential par of the U.S. economy, large priceincreases-such as those experienced during the 1970s--might lead to changes in overallperformance. Many studies project that the Kyoto Protocol will impact the U.S. economy(U.S. Department of Energy 1998, WEFA 1998, Energy Security Analysis 1998, ElectricPower Research Institute 2000, Edmonds et al. 1997, DRI McGraw-Hill 1998).

1. Inflation

Figure 35 shows the projected increase in the consumer price index (CPI) from therecent EPRI study, evaluating the effects of the Kyoto, NOx, and SO2 initiatives. The CPI isprojected to increase almost 4 percent in the initial years of the Kyoto targets.

2. Economic Growth

Figures 36 through 38 show the projected effects of the Kyoto Protocol on grossdomestic product (GDP) from several studies. Figure 36 shows the impact of no internationalcarbon trading. Figure 37 shows the Annex I carbon trading case; Figure 38 shows the full
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Figure 35. Projected Impact of COb NO, and 50, Policies on
Consumer Price Index
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Results illustrate the percentage increase relaive to business-as-usual case The policies include the
Kyoto Protocol, the NOx SIP Call, and a 50 percent reduction in SO2 from Tile IV Phase 11 levels.
Sovrce Electric Power Research Institute 2000.

intcrnational trading case. As the figures show, the projected impact varies with the level of
carbon trading. With no international carbon trading, the decline in GDP in 2010 ranges
from 0.45 to 3.47 percent relative to BAU. With full international carbon trading, these
impacts fall substantially, ranging from 0.05 to 1.1 percent.

Figure 36. Impact of Kyoto Protocol with No Carbon Trading on
2010 Gross Domestic Product
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Source U.S. Depamnenr of Energy 1998, WEFA 1998, Cooper ct al. 1999, Tulpule cr al. 1999,Bcstein et al. 1999, DRI McGraw-Hill 1998, Manne and Richels 1999, McKibbin et al 1999,and Kainumna et al. 1999.
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Figure 37. Impact of Kyoto Protocol with Annex I Corbon Trading on
2010 Gross Domestic Product
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The EPRI study includes the effects of the NO, SIP Call and a 50 percent reduction in SO, from
Ttle IV Phase II levels as well as the Kyoto Protocol.
Source Electric Power Research Institute 2000, U.S. Departmnt of Energy 1998, Cooper ct al.
1599, Charles River Associates 1999, DRI McGraw-Hill 1998, Tulple et al. 1999, Bernstein et aL
1999, Edmonds et al. 1997, Manne and Richels 1999, Kainuna et aL 1999, and McKibbin et al.
1999.

Figure 38. Impact of Kyoto Protocol with International Carbon Trading on
2010 Gross Domestic Product
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Hill 1998, Benstein et al. 1999, Kainuma et al. 1999, Manne and Richels 1999, McKibbin et al
1999, and U.S. Presidential Administration 1998.
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D. Regional Economic Impact

Implementation of the Kyoto Protocol could have a particularly severe economic
impact in certain regions. The reduced demand for coal expected to result from implementa-
tion of the Kyoto Protocol and other air quality initiatives affecting NOx and SO, would
affect coal production, which is concentrated in relatively few states (Electric Power Research
Institute 2000). The decline in demand for coal would cause loss of coal mining jobs (U.S.
Department of Energy 1998). Table 14 reports projections of the number of coal mining jobs
under different scenarios evaluated in the EIA study of the Kyoto Protocol (U.S. Department
of Energy 1998). National coal mining employment is projected to fall from 68,519 jobs
under the BAU to 42,531 under Annex I trading and to 29,187 under no trading.

Declines in employment are projected for all sectors of the economy under the Kyoto
Protocol (U.S. Department of Energy 1998, WEFA 1998, Electric Power Research Institute
2000). Regional employment losses differ due to differences in coal mining employment, coal
mining activity, the number of energy- and fossil fuel-dependent industries, and activity in
other energy sectors (WEFA 1999, U.S. Department of Energy 1998). The WEFA study
projects that employment losses in 2010 at the state level would range from 8.7 percent in
Montana to less than 0.5 percent in the District of Columbia (WEFA 1999). Thirteen states
are projected to experience declines in employment of more than 4 percent.

Toble 14. Projected Cool Mining Jobs under Alternative Kyoto Protocol Scenarios

Kyoto Scenario

InL Trade Annex I Trade No Trade
Region BAU 1990 + 24% 1990 + 9% 1990 - 3%

Appalachia' 49,477 41,617 32,386 24,307
Interior' 8,043 7,801 6,257 3,484
Powder River Basin 3 5,013 3,827 1,829 844
Other West4 5,693 4,785 2,254 941

US. Total 68,519 58,223 42,531 29,187
' PA, OH, MD, WV, VA, and KY (cast).

'1 , IN, KY (west), IA, MO, KS, AR, OK, TX, LA.
WY, MT, and ND-

* CO, UT, NM, AZ, AK, and WA
Sowrce- U.S. Department of Energy 1998.
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MISCELLANEOUS GENERATING/TRANSMISSION STATISTICS

WSCC

The Western Systems Coordinating Council (WSCC) covers all or parts of Washington,
Oregon, California, Arizona, New Mexico, Colorado, Utah, Nevada, Idaho, Wyoming
and Montana, as well as part of Mexico and Canada

The region is divided into four subregions: the Northwest Power Pool Area is winter
peaking and heavily dependent on hydro power (65 percent of installed capacity); the
Rocky Mountain Power Area, which can be either summer or winter peaking with a 24
percent hydropower and 59 percent coal-fired generating capacity mix; the Arizona-New
Mexico-Southern Nevada Power Area, which is summer peaking with a 17 percent
nuclear and 44 percent coal-fired generating capacity mix; and the California-Mexico
Power Area, which is summer peaking and heavily dependent on gas-fired generating
units (47 percent of installed capacity).

The Northwest Power Area, which covers all of Washington, Oregon, Idaho and Utah
and parts of Nevada, Montana, Wyoming and California, has about 55,000 megawatts of
winter generating capacity, about 65 percent of which is hydropower. Only about 700
megawatts of net new generating capacity has been added since 1990, most of which has
been natural gas. Operating capacity has increased by only 2 percent over a 10-year
period.

As a result, since 1990, the Northwest Power Area's dependence on generating resources
outside the region has increased, as the summer surplus of capacity over peak load has
decreased and the winter capacity deficit has grown-

From 1995 to 1999, generation in the West outside of the Pacific region (California,
Oregon and Washington) grew by 22 percent, which was twice the rate in the Pacific
region.

The generating capacity margin adequacy over the next ten years is heavily dependent
upon the timely construction of roughly 30,200 megawatts of net new generation.

Within the WSCC, California is experiencing transmission constraints in moving power
into southern California and from southern and central California to northern California
There are transmission constraints in the San Diego area During extreme cold weather
periods, the import capability on the California to Oregon intertie may be severely limited
in moving power from south to north. The Puget Sound area is facing transmission
constraints, which limits the transfer of power between the province of British Columbia
and the state of Washington. The transmission paths between southeastern Wyoming and
Colorado often become heavily loaded
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MAIN

The Mid-America Interconnected Network (MAIN) covers portions of Iowa and
Minnesota, most of llinois, the eastern third of Missouri, the eastern two-thirds of
Wisconsin and most of the Upper Peninsula of Michigan.

More than 3,000 megawatts of new generating capacity is scheduled to be added within
the MAIN region in 2000. The majority of planned capacity additions are short lead-time
combustion turbine peaking units owned by merchant power producers.

The MAIN region experiences transmission constraints that limit that region's ability to
import power from ECAR to the east The Wisconsin-Upper Michigan system has
inadequate capacity to import power. And, MAIN also faces transmission constraints to
power imports from the west

ECAR

The East Central Area Reliability Coordination Agreement (ECAR) covers all or parts of
Michigan, Indiana, Kentucky, Ohio, Virginia, West Virginia, Pennsylvania, Maryland
and Tennessee.

By 2004, the ECAR region will need an additional 15,000 megawatts of genrating
capacity. This means that about 22 percent of the announced new merchant capacity i
the region will need to be built by 2004.

By 2009, about 66 percent of the generating capacity in ECAR will be 30 or more years
old and about 29 percent will be 40 or more years old.

Coal is expected to supply about 69 percent of the total capacity requirements in 2009.
ECAR currently has about 82,000 megawatts of active coal capacity, of which at least
52,300 needs to be retrofitted with selective catalytic reduction (SCR) equipment.

ECAR suffers from several transmission constraints. The power flows circulating around
Lake Erie often limit the ability of the Michigan systems to receive firn power purchases
from Ontario. The American Electric Power (AEP) 765 kV transmission line between
West Virginia and Virginia continues to encounter certification difficulties that have
delayed this vitally needed line, resulting in a reliability risk.

SERC

The Southeastern Electric Reliability Council (SERC) covers all or parts of North
Carolina, South Carolina, Georgia, Mississippi, Alabama, Virginia, Louisiana, Arkansas,
Missouri and the panhandle of Florida.

3
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SERC expects approximately 34,000 megawatts of new generating capacity to be added
in the region over the next ten years. These additions include natural gas-fired
combustion turbine units (40 percent) and combined cycle units (44 percent).

SERC's ability to transfer power on its transmission system above contractually
committed uses has become marginal at some points in the system.

FRCC

The Florida Reliability Coordinating Council (FRCC) covers the Florida peninsula

FRCC is projecting the net addition of 11,418 megawatts of new generating capacity over
the next 10 years. Of that, 10,971 megawatts are projected to be natural gas-fired
combined cycle

The FRCC has limited transmission capacity to import power from the north.

MAAC

The Mid-Atlantic Area Council (MAAC) covers all of Delaware and the District of
Columbia, major portions of Pennsylvania, New Jersey and Maryland, and a small part of
Virginia.

MAAC has received requests to interconnect more than 38,000 megawatts of new
generating capacity to the transmission system by 2005.

MAAC currently experiences difficulty transmitting power to the eastern part of the
region. There also are transmission constraints in southern New Jersey and east central
New Jersey.

NPCC

The Northeast Power Coordinating Council (NPCC) covers the state of New York, the
six New England states, and the provinces of Ontario, Quebec, New Brnmswick and Nova
Scotia

Currently under study in New York and New England are over 5,400 megawatts and
20,000 megawatts, respectively, of new merchant plant capacity to be in service by the
end of 2002..

Ontario Hydro and Detroit Edison are in the process of enhancing the transmission
facilities at the Michigan-Ontario connection.

4
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Sources

North American Electric Reliability Council. Reliability Assessment, 2000-2009: The
Reliability of Bulk Electric Systems in North America, October 2000.

North American Electric Reliability Council. 2000/2001 Winter Assessment: Reliability
of Bulk Electricity Supply in North America, November 2000.

Federal Energy Regulatory Commission. Staff Report to the Federal Energy Regulatory
Commission on Northwest Power Markets in November and December 2000 February 1,2001.
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Preliminary Assessment of
Summer 2001 Electricity Supply Conditions
February 5, 2001

NERC publishes (May and November) seasonal assessments of the reliability of bulkelectricity supply in North America. The Summer 2001 assessment will be publishedMay 15. It will be based on updated supply and demand projections.

The information in this preliminary assessment relies on preliminary information andjudgment, and is subject to change when the updated projections come in. As a result,nothing in this report should be publicly attributed to NERC. Also, as a general caveat on/any assessment like this, even those areas that are expected to have adequate generationand transmission for the coming summer could experience problems if extraordinaryweather or equipment outages occur.

The primary areas of concern for Summer 2001, as we see them now, are:

California and the Pacific Northwest

The California Independent System Operator (CAL-ISO) indicated in November 2000that 2001 Summer demands could exceed available resources at the time of peak by 253MW (mild temps) to 4,152 MW (hot temps). These projections include imports of 4,500MW from outside the ISO, 1,421 MW of new generation, continued operation of CAL-ISO's 44,050 MW of existing generation (except for any generator maintenance outagesand deratings due to low water conditions at hydro facilities), and a provision for requiredoperating reserves. (Interruptible demands have not be subtracted from the demandforecast, but that may be academic since all of the hours of interruption allowed underthese contracts were used up during the month of January.)

In the northern part of the state, hydro-powered electric generators will be limited by lowwater levels, as will imports from the Pacific Northwest.

California has an internal transmission constraint that limits how much power can bemoved from the southern to northern portions of the state. Therefore, most of thereliability problems are expected to occur in northern California.

The Pacific Northwest is also heavily dependent upon hydro-powered electric generation.Stream flows and reservoir levels are at critically low levels. The key hydro indicator inthe Northwest is runoff at the Dalles dam on the Columbia River. Current flow is about65% of normal, and this will be the 4th worst year on record unless they get heavy springrains. The Pacific Northwest should be able to meet its own customer demand unlessweather is extremely hot, but will not be able to supply California with energy as theytypically do.

February 5, 2001
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Southeastern United States

Conditions in the Southeast are expected to be much the same as the last two summers -
f extremelytight. A number of new generators are planne to be addei-sthme -surfmm -- J

However, there may be problems delivering the energy from some of these generators to
the demand centers because the transmission system additions needed to conne ese

'"" ggenerators into the transmission S na..agg.in.-constructi^ Some
x 'stmggenerators are scheduled to be out of service this spring for maintenance to add

emissions related equipment. This has the potential to reduce available resources at a
cintcal time of the year.

Texas

Texas projects adequate capacity margins, but there are still some causes for concern in
the state. Texas forecasts about 8,000 MW of new generation being added for the
summer, but about 2,500 MW of this new generation is in an area of West Texas that
prevents it from being delivered widely throughout Texas due to limitations in the
transmission system. Some of the new generation is on the border between Texas and the
southeastern United States and may not be used to serve the customers of Texas.

Texas experienced prolonged, extreme temperatures last summer, which required some
generators to run many more hours than normal. This could lead to increased generator
breakdowns this summer (like California experienced this winter).

A retail access pilot program is scheduled to commence on June 1, 2001 in Texas, and the
ten power system operating centers (Control Areas) will be consolidated into a single
center. Because June is a time of heavy electrical demand in Texas, this situation bears
careful watching.

The Northeast

The northeastern United States experienced a very cool summer last year. If
temperatures had been normal, it is very likely that New York and New England would
have experienced serious electricity supply problems. While conditions have improved
in this region since last summer, it is still susceptible to shortages if customer demand
exceeds expectations due to abnormally hot weather, or if a significant number of
generators are unexpectedly out of service.

Last summer, New York City experienced some minor supply shortages due to a lack of
sufficient transmission into the city. About 440 MW of new generation will be added in
distributed locations around New York City by Summer 2001, which should help
alleviate this condition and contribute resources to serving total demand in the state.

February 5, 2001
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Yakama Nation
Federal Energy Policy Priorities

April 2001
Interconnection and access: Amend law to require co-ops, municipal utilities andPM~s to allow mSbal and on-reseation : eq u l re co - o p s, --- ^cipaO u terc tnec and
PMAs to aellow tbal and on-reservation energy generation to interconnect andprovide open access

Capacity building: Provide grants through Departments of Energy, Cornmmerce,Interior to tribes to build in-house energy development capacities
Conservation: Fund conservation for tribal government and member facilities andhomes

Leadership: Establish tribal energy office at DOE \

Acquisition: Require DOE to followBuy-Indi with regard to tribally-generated energy

Irrigation: Optimize tribal water projects for energy generation and consumption
MAs: Clarify and standardize power allocation policy; allow reselling/leverageof tribal allocations

Tax: Endorse NCAI/CERT proposals, including particularly credits andaccelerated depreciation

Siting: Support EPA efforts to help tribes develop environmental codes; clarifytribal authority to condemn land on-reservation for transmission rights-of-way

0048561.01
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Arizona - New Mexico - So. Nevada Area
I-^^r:- I ii .... p^^a^

1

':. 
. i i ·

Org. Project Name and 1 Need/Requirement Project Description Et. Cost (USS) Status YearPeGT mlularal1oiywood line (4791) AIowa reonstnuctlon ofAl doHolywood lIne, Prorvide loop servie to ood NM r Curen 2007PNM SonoraMrona Intrtconnectlon Project (1020) Projec would relt intercng capablity whe Ce on oC a high voltah e lnteronnaecton betwen $30.000, Current 2004none now exists Palo Verne In the mCl and ianti AAm, Sonora In
the Mexican NIUonal Grid

TEP Mlvlle Sn Joaquin 13J kV (1840) ,·. e l(t nles) yec 2010ex5,o 1 V line ( 4 06-r dle-) O-ed 2010
TE11 SoLoopBCypu$btr 18kV V lino («44»6) .--m------ *..,--- ___ (24_ n___ue2
TEP So-LociCyprus-Slerita I8kV lips (065) _Rlnor local trantmlulon syltem. ConbUc new 13SkYkVlne through Green Vily -- -----nt 200substation (24 n lea).TEP Springenalla Greenlee 345kV Line (i4605) oeiver rfrom Sn Juan and Sprlngervll ' ConstuJt now 345kV line ( t10 ml.)· ..--.... -- __ lgenerating stallone. Delayel 2012TEP TortollU to South34V5 knV (n147) n-servi data uder review -
Copy Interest: Arizona Public Service Company 

--
TSGT Atlmgotdooon Anr 15kV Line (1442 Thi pri wil oonect RaI xenlve croisrm -nsall nw bra"cing tucs on ech cos of 200falUur on e existing line each structure on the 76 mes of ng Curnt 2003ttensmliulon line.TSGT Alamrgotrd. oly-wod 115 kV Line (1440) Rebu 36.6 ms o exlng 116V i wt 47 Current 2004

~ .. P --- Sroc Tub.. --

ProMCMect Type: Pro nduect or.

TmOT Oeming PojekV, 25MVAr Cap A4p 14419) Insrtl 25 MVa Abank of 1 kVc p art th e 1 2,unt, 2003

AS arntnco(146Pwape nAanS. Add 230/6kV transormeDemr to * SRP ss t-akV ublta on.
ALC , Shprock. lFour CKnen (345kV Inltmrnn. #33 lcontcacity xrnmitnntox,

, h t : / / w . w i . o r g / c g i. b, i w ~ ,.P r o j e c t T y p e : N e e d

OO Project Type: Projct
m Og. Project Name and ID# NeedRequlrement Proct Descrlption Est. Cost(IS1) Stat Y rO AEPC Topock Project 1#514) Tap on Pilfer.CDvli 230kV lint III, Too on PLrker-Daivll 230kV llnl III

' AP S
AUlexnder Intarronnection (g 1414} P! ~

of l acapacty swap between APS anl SRP. APS Add 230/69kV Irlnlformlr to · SRP subsltaion Current 2001

http://www,wicf.org/cgi-bin/w2rSum.asp 
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APS Capacd ors (11317) Replace drles capcdtonr on te So. NavsJ 3k., Ehunt n .J: ri. c.,octor repl.nomenlsad Curren 2008system and add shunt capacitors on le 230<kv addliong
t _yem

APS 0tWert ltin Cutin (1311) A w 610 MW generator wil be serve y outng In A now subtrton ct into an exilting lne Current 201en existing 230kv Uine
APS Elrell 6001230kv subrtaton (1600) To srve lecaeld load growth in Phoenix are. Construct new 600/230 kV wtbetlon *nd 230kv 265,500,000 Current 2003

lines. Incree capacity by 1200 MW
APS £ttrHli* cutin (064) To erve f;orcaled lotd growth In Pnoenix. Cutin in exiUng 230kv lIne into tU new Ealreall Current 2003. , ubtlon
Copy Interiet: SRP
APS Four Corner Sub. (9279) Terrinate uprated Four CornarsFhlprock line to Convert FC-Shlproc" 230kv llne to 346kv Cunren 2001345kV.
APS Gaviln Peo Subuston (11293) Cut a new 230/60/12kv substaton into cn exlstlng Currnt 2003___________________ _________ 230kv line
APS Gll Blnd. Ao 230 kV line (610) To erve bkrecated growth Construct new 230 kV ine from an existng Curren 2003substation to a new AJo subistaon. Ao

Improvement Co. Is owner.
APS Gil Bend. Yumr 230 kV tne (#311) To erve fonrec ed growth onsitru new 230 kV line -Incree apacity by Current 2004200 · 400 MW
AP S Hllltop-. Lake HavaIu 230kv Un (9661) Contruct new 230 kV Une from exelita lub lbltn Delayed 2030to new N. Hlvasu subtation. ClU.n' lU.Ui/y Co. Is

_________________________ _ pn_____ rimary utliry.;
APS Knox Interconne llon ( t 16) Part of a cpcity swap between APS and SRP. APS SRP to cut I new 2o519kV elbtaton into APS' Current 000wll get capcy to Alexander nd 3RP wilH get Kymne-Santo Rosa 230IV Uine.

___c____________________ capaclty to Knox. ____,_ _
APS Linclnd St.Counir Club upnat2 (1319) Add cooling UyatCm to unerground 230kv cable Cu renn 2002
APS UL n rcnduc or

lng (l1110) Varus Unes ire plnned to have the onductor Reconductori of various line Curren 2008____________________________________ Changed to get hlgher reUngs ,
AP3 Pinned* Pok.TS1 230kvn lne (e15o4) A new 230kv lln from Plnnacle Peel to TSI Currnt 2004
AP$ Plons Su tatmon (1It24) A new 23010/112kv substationt Current 2007
APS Ploneer-Ovilltn Peak UOn (08)O To sfe lforecasted growth Consluct nw 230 kV line Current 2006
APS PTlonerPfnnmte Peak 230kv (130) ______ A new 230kv btrannjmtbon tne 0Current 2006
APS Pioneer.T$S 230kv (11 134) A new 230kv tine connicting two exiling Current 2007substatLion
APS Preacher Canyon Cuttil (1178) " Change we Pfo ctw Canyon tap to *n in and out Current 2001APS PV-Etrell3 600kv line (»1303) A prokc to Incrase Import capbillty to lne Phoenix A new 600kv line from Palo Verde to Eltiess Curn 2003

APS Reactor replacement (01314) rpleaImnt of detertlUngreactor Replace singl phse 500kv mectrn at Monkopi Curren 2008-~ -_____/~_ , _________________________ waend Four Comner over variou year,
APS Saguro 230kv awltchyard ( 1312) New sublatioen trrlnailng 2 Ilnes n 2 Cul two exiling lkine Into new subaion Current 2001transformers
AP SBanta Rose · Oil Bend 23OkV line (1321) To serve orecasltd looa growth Contr'uct new 230 kV lin · Increa.e capoaety by Current 200200 -400 MW
APS Transformer Additions (1301) various transformer addition& EHV and HV tranlsformer iddltbn or Currant 2006

u _aupd/ra__ptlacnnenbt
APS Trilby Walh Substatlon (11297) To be cut Into existinag 50kv lines. Lower voltage A new 600/230/8tt2kv aubstation Current 200lines wll be now

O APS Trilby Wash.E Sod 230 kV line (1602) To rve oecasted growt Construct new 230 kV Une hfom exsletng subetatoln Current 200m to new 5001230kv substation
APS TS Substation (/117g) A new 230/?9kv subtelbon, 1m Into in xlsiilng Curr 2

* APS TS2 substation (01298) A new 230/09112kv substation Current 2009
'.-d ' APS TS2.TS3 230kv Une (11309) A new 230kv line connecting two future substatlons A new 230kv llne Current 2009
N) APS TS3 ublstaton (31300) A new eubsltUon and new 230kv Ilnea A new 2301<9/12kv substatioon -Cur.n 2007

1jhttp://www.wicf.org/cgi-bin/w2rSum.asp 
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APS TS3-Buck.ye 230kv line (0130) A new line rom an exilng ubsalion to e haw A naw 2:0t. line

Current 2007

Copy Interest: SRP _ _
APS Watlwlng. El Sol 23kV line (32) Con c new 230 kV line parallel to existing lines Current 2008APS Washving-Plonser 230 kV line (0e03) To wrve forecwated growth Constucl new 230 kV line forn exiuting 6ubotation Current 2009to new 20kv ubstonCu 

2Study Interest: SRP
APS Wastwing.Trllby Wtsh 230kv llne (1148) To serve loracasted tod growth Contructd new 230kv ne from existing substa0on Current 2009to A now 230xkv ~ ~ vsubostaton
APS While Tnk.-T3S 230kv llne (l1307) A new line frown the White Tanks subst tion to a nw A new 30 2i0kv lineCurrent

230Mtl2tkv substation (TS3) C nt 00CALP South Point (8138) $54,000 kW natural gas tiredo tmined cycl power Current 2001

EPE El Paso 116 kV Eat Sde Loop (t403) To sere torcastd locd growth Constuction In Construct new lI kV line on El Paso's sat id-e - 11,140,000 Currnt lphAaw 0 Tro 1 990L-2004.
EPE EPE 00 MVAR Shunt Cap (i741) Intlsll nrG so30 'VAR capactor banks on the 11 5 326,500 Current 2000

FV sysm. Sites to be dellefrlned.FARM EPFSIHn (tt'4sFAYRM Porlcbt (-4--) SubtGo 116kv t
inc to "erve EPFS & contnue o Glad. Sub -Current t99tFARM Hart Canyon Ito Aztc Sub,. (27) Prt of new line from Aztec Sub. to Glade Sub. CurentFARM lie Canyon- to Otade (46) PeT of nw line from Aztec Sub. to Oleoe Sub.t

Current 2001I t1 0 A v e .4 2 T rf n s fo n fe r ( 9M 2 l _ _ _ _ _ _ _ _ _ _ _ _ _ -- o C u__nel _0o o
NEVP Aver«230 nkVaSubral ri) (noc_ - Curent l ovgConltruct nw 230ikV tubtaton; add 230/13 i Current 200Z

eutotrensmormer. Trnsmntsson souro prov4id b Current
loop-It f exislting Norlhwelt.Ardn 2I0kV
tr)nsnlsion Una.NEVP 8elPtway 230 kV miSu idteoaon (8774) TolN e e r3 ( rowhmuioinConsunct 2 0/11 3 kV ubitaton En 1230o l38 kV C 2004
sut.transiorrmer TranCsmoq eo2u fromn loop-0
of existing NonthwvetlArden 230 kV trntnhiUrlonlineo

NEVP Cry1t2l Pr, jct l(26 -- _ 1,9),EPE CryEt l PRthn n2 (OConstrct now 8002t30 kV substation as pan of InServ ic 199
Crystal Transnmlsson Project.1

lnt aArizona Public Svi_ Co mpon y
_ _

NIEVP McCVI- u||tn 2230kVReroute(l367)Rroute 230 kV-rlrulttt frorn ,230 kV lown- to-1999

3Construct new 230 kV lin to Increase tansfer Currtent 2005
Copy r 

¥termt $1tbso nNEVP I NavajoMcCulough/Crystal 500 kV Loop (0373) Incrs trenstr capabiity and relability Loop In e th e xisL Navaio.McCutout s iv lne - _ 1LPFS-H*H (l~$)Into 
Crystal Sub. EPt Oic 

19b
^P~'fllvSfVout~hP.( ) ------- ~~~~~~~~~~~~~~~~~~Study Interest: ArIon Public Se.rvi Com ay -- - -N6VPAlver Movutln Prqoo(___ _ Stuo 230kV treonmlislon Ub Unorm Mar Mcd Currcnt 2001N 

subbstaion Into the Nevado con"rol areaO F NEVP WashburnMilchael Way (4388) Construct new 13AzkV line (13 me s)M NTUA Nvao Transmissntton Projt (1 7) 
9 _______

Copy Inleraetl Pinnacle Westl Energyv _ _ _. Current 2001
CoApyM interent: P ~nyo~nacltie Well4ny~Study Interst: Arzon Public Sernce Company .

O NTUA | Navy o Transmission Project (148) A Pu S Co ny
tr Copy Intlrest: Resource ODat Inlmatllonal 

CuI cunrntA 2gor
PEt3T Colorado-Now Mexic Intle Project (3 Adti lbd growth wll leand to low voltages. t13 mile 230kV lntlia n line, new subatation Currenl 2001and transformer or Gladstone

11 http://www.wicf.orR/cgi-bin/w2rSunm asp
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Copy Interest: Aoc !nduslrles. utllllcorp united
PEOT I HollywoodCapacitor(1332) IlMaintalndequlad vollate or summer peak Add a 6.2MVAR l15kV fhunt cpak00PEGT _ - Id a 6.2 I 1 6kV shunt capacitor Current 2000PGEN Hargu4han Generating dPc (r127T ) Indlude new 21 mile 600 kV ine to Plo Verde. 4 Unit Combined Cycle Generatng Project w-V 500 SooCu__ _ _ _ _2___kV Transmilssion LineCopy Interet: Ablte Indutdee_
PN - N

ow 34
5 kV Source (12281) t Conceptual projct to serve forecatsted o growth l New wkVe hio _ontew1oN c Current 2008PNM Notton-Santa Fi 116 V lin (32) To erv orecelted led gmowrh Construt new 11 kV li (13m Canceled 200

PNM West WMe 346/s156 V Tan no, ommr437) To erve era. load gr^------- New 345/11N5 kV transornnmr at Wvsl Msa Sub. InServic 1SOGE El Dorado Enrgy Planl (#740) Also Incudes two trai^nimlon procls: 230kV tne Generation slUatin with 2-1MW omuonnS 2000from generating plant to existing Eldorado turbines and 1. 157MW stleam rbiinessubstation.about. mile. Loop In the McCullough;
Arden 230kV lne Into the plnt, each egmennt belng
_boul mlle long.

SDGE Mertnant Project (»8as) Aeo Inldudes two tInnmlslon project: 230kV lin Generation statlbn wlU 2-.15MW combusllon InS-rice 1 igfrom gentraing plent to existing Eldoredo turbines an I .157MW m turbn.
ubsatiUon about .6 mile. Loop in the dcoCulough ·Arden 230kV One Into the plant. each segnmen being

about I mile long.
SRP Browning___ 60kVson New ~ 500A 230kV, 1200VA staton003RP Kynane Expansion Pro~w (pi 3el) 260MW combined cyle idflon on te existing 40,000.000 Current 2003
SAP SKyrne Expansion Project (81367) 2t Wiyen in -

a
; station eie Current 2003

SRP Smntan Expandon Projet (ll130) 750MW combined cycle Inetlealiton on an exiUn Cunen 200TEP statio--------_-- __ .______________________g ~n'^cy^ ^.ttonon~n~xi~tg --------- Current 200'TEP Eel Loop. Northeast 138 kVlne (326) To riome oc t ansmi ssion yeie Construct new 138 kV line tIroug Synder InServie 2000
TE PmF-ort.L o well M ounbe*n S O ,---- --- -_3__tx325UonS t (13- miles ) . ' 2TEP Fon Lowll. Mountlan Sub (31328) Loop existing MP -Nrheast 138 kV line south of Cancee" 2002

TEP Irvinton -Vail 138 kV line (329) To p mrviee sdditlonta electul service to the souUt Construct nw 138 kV line though L|etown Curenl 200-
TEP Los Resists Substation _ (8944) Construlct substation under exiatng East Loop. Veil Currenl 200t
TEP teRanchoVMtaoloC tataina 138 kVline a 13311) To rinlore caI trannumisson system Construct now 138 kLIVlhne (4 ms Cunt 200

__ __ t30eCB~~jonskpItle ubstton under exidticn Esi LoovW- Voltlo
TEP Saguaro to Tortlit 2500 kV (01 66) -Copy Interest: Aizona Public S-ic-- cupany - 2003
TEP South Sub-DeMos| Petrule 13kV line (1464)

Const$prucrt3$~t now skntain exDting eoCrtl y1 2010TEP VaREasn Lop0o 15kee, C l 57 3 Pr line (4101TEP Vtil East Loop 3 136 VI (3647) Inee TEP area transmission renlorceent.. Topid addonl elrc service to ee pa Cunrel 2006TEP Weswing -South 32 345kV line (813 327) 
___ ___ ____ ______ Cure 200

TNP Alamogordo 116 KV CapcIto (31313) Th ro o or oltage on AddUo d 1KV C o bnk to the 300 000 Cu nt 200

COWy lnblrelt: A nm Pubnc SA oaviV i Company " b Curreni 3000

EP__ Southe Ab.mogordo Mo5KV bus and the Alamogordo - Alamogordo Substation 118 V busO TSGT CO-New Mexico 230 , kV Interne ( r3R eln g 
N 

Olo 
onstructa t113 m11. 1272 MCM Lrnnmmtrs·n line t rCuo lin20031h 

from Watsnburg ubstatlon In CO to a newt0 n TSGiT COep ittw .ul-ming 1I23 kV line (1t47) 
uren 100 T5 -- lp ht. Bulhln 1Sub.^ on .lG.d .tneINM . ___A UIo-e oI k Lint (144)Il Rbuidi 7.3 miles of 133.1 holowo conductor - -

Ti projNe nductor cIl be ont MCM.
TSGT G hJP I 116 kV 8.26 vr C ps (8443) inte between E ep hant Butte NM and o monk wM. Cunenl 202

tJ-4I^~~~~~~~~ huInstall 116 I SkV, 6.25 WARlcaora bank wh- Currn 2003
I h //wwwwifor gi w 

2/13/011 hrnp:/Nwww,wicf. orn/cgi -bin/w2rS unnaspl 
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high .d Cl-cull Sritcher and 
co

ntrol Panel It t
w

OIllup Subtatilon.
TSGT Soconroi 1 kV Brlt Mod PhIl (j1445) ' InNiIl 2-115 kV crcuil breakers on th 149 rnle Curent 2000

Woel Mt-uElephlnl Outt L/nb to MiUgl um 200
-- --- --- ---- --- -- --- ----_________ __ --- ---- _ M Elephant IIl= Lie to MitigateWALC Griflith Energy (9174) Plant will be lied into tranemislion with two 23kV 660MW of Gas fueled Generation Cunent 2001stnu: G(rlMOVCo<iMnco end GrGffi-Peacoc-r.

Copy Inter: Altc Indurstes. PPL eneryplue"
WALC "teed trlle natctons (ttt1) _To 2 O ner excessive t curren$bt sat Itt Mead S4,400,000 Current 200123OkV burl, orleu rmegto will placed In

230kV bus.
WALC Needl Substation 2306 KV 33 Loop In DOvs-P.arker 91 230 kV Uire Current 199-
WALC South Polnt (#978) Generatlon will be t Intio Iransmuion by 2-230kV New glls rod generation (0M" Curen 2001
WAUC Shiprock to Four Corner (1 _3) Convert from 230 to 346 kV operation. Curent 1998Copy Inlarel: SAP

California - Mexico Area

Project Type: Concept
Or. ProectNm n IDn dl Ned/Requlrment Project Oecrlptlon E.L Cost USS) Stttue YearCAIP Gte uMountain (t94) 49. MW Gothe l Power Plant Cent 2004CALP Sutler Power Plant (9717) Inlerconnect new Suttae Pois Plant (00 MW)to Current 2000WVAPA' 230kV OiWnda4Keiwl/EJW t le. oes.

Sw itchng StWLon will be buIlt near te*s UneM toInterconned th power plant.SOGE S00kV lno: Valley-RaInbow (91271) Concept prcect only ·no funds commnittd yet. Build 62 mile 5 t0kV ine betwn SDG&E'sr 2
Rainbow substation and SCE'e Valley Subttlln C 2003
Loop TL23030 Into Rainbow d, Convert rainbow to600 kV operation, (1 23)__
Study Intere: Southemrn Californial Edison

SOGE AZ-CA 500kV Series Compensaton (4e6) - C tIC \oneptuai pwct for one oromrAZ.CA 600kV I CurrentCopy Inwl: Aion Public S lCompny __
SDGE Trannml.ilon Fjor Gena;raton (1273) Relnfora SDG6E system. Proeclt 99126. Concepl Supoort the transmssion requirmenu of a third Current 2002' pro)

ect onily. partyggnwtor to connc to the SDO&E syrtem.
WAMP Elk Grove Vsca DIxon T-Lne (3911) CurrWAMP Elk Grove / Tracy T-Line (1736) -Currn
W A htP ]E C u rre n lWAMP Sutter PP to Ehtertt Sub (»t1265) _Sutler Poe Plant to nNw subtatiotn near Rflvea; 20 000 000 Current 2001

A sIngit circuIt 230 KV In, ppmrsdma o .y 29 miles.WAMP Teabe Ml I Elvertl 500-kV T.Line (#735) Thio po be sudIed In co ton with, or 1 20.000 000 Curnt0 IC7~~~~~~~~~~~~~~~~~~~~~~~~~~~~whou the Suttor Power Plant Interconncll<O
0 N Prcj6er _t_ _ __ .m
C

___ _________________Project Type: Need
'Org. Project Name and D10 Neod/Requimrment Project es Scrtpton_.___.._I E st. C ost S St atue YearN)h ~ ~ liD 110 360MW Future Need (31472) Need 350 MW o/ addlOntall Tlrnamlsalon capaCty M I -Curnt0-"--- I--- lunldentLd bon. __________________' unt

> http://www.wicf.org/cgi-bin/w2rSum.asp 2/13/01w' * ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2/13/1)1
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PC&E. SanMetleo. enNo.3Rto,(men1 (1 4 3 ) IServe forec sted d grownn econuctr Ue San Mteo-Martin 116 1kV N.32001rcJul with 11.5 mlln of 477T kcn SSAC.

Project Type: Project
Or9. o Prolect Name and ID NedlRelqulremnnt Projct crpton . Co (US) Statu YearCALP Lot Medeno (#1390) 

674,500 kWnstutl gasfied combined cyl Current 2001
Copy Inltererst: NCPA -_
CALtP jMeri Energy Center (31359) 

500.000 kW natural gas tird combitned cycJe power Current 2003
Copy Itrt: NCPA - -_______________________I-_C_| 0

CFE Cerro Prieto 13 (J;27). 
___CFE Cerro Prleto 1 t4 (3290) 

_ Curnenl 99CFE _Cero Prieto l111t3 (294)___ 

_ Current 1999CFE Cerro Prleto 111 ^ (295) 
_____Current 1999CFE Clper to Rosarto I (u49) 

_Provide back-up trnmls.on. 
Currenl 1998CFE Imperial Valey CA lo La Roosl MX (9161) CFE -USA 230 kV tUes. 
Currenl 199CFE MtropolI 1 to La RosHta() 5 
Cu(rrnl I s-

CFE Metropoll to Rumrnos (0154) 

Cu en____l 1g99CFE -- _rlCunenl (01) 
9________ CurrCFE ; Grk ; ;1 

_ 
l~9 

Cunrnl 8199FE-Rol " to T(yu (,2) 

Currnenl t 999
C E S Te- rno se, to Tl uar gl ( so) 

Canceled
CFE Trynoelectrica (9290) 

Cunt 2003

CFE Te moelecrlca (0296) 

Curent 2000
CO-- " 'CtO~~FE 

_Ter_______-------------l-- (_3300 
Curent 2000

CFE Termoolectro (3 02) 
__ 

Currnt 2003

lD KS 230kV Un Loop Into A. 42 Sub,( 142) Loop Colllhlrg v 2 v30 kIV Into Av4.- The Poping te ln Current 2000Coen l. Valley (110) MIr 230V SCE)K l
2000ltine IM te 2( n sta h. exstiensgon

ithefi KS Ilna wil be a o doulbl cOlrou 2.1033,5 MCM ACSR conductor Par plase. This
LOW-P McCulougn to Marketpiao 2 (915) 

proje dC 
ed 2007CopIntoet;: Arizonr Publlc Servloc Company 

-CraSe 2007POG&E 600kV Trnnr. Into Bay Area (91403) The Graer S.. BaArea I presently facing wo nrsucByAJnJ
0 kV tranaormer bk. Cuen 2007Icotpounditrens: rpd vidsresd lordgwthy ctng new bika. ft a aen,·mloner r-f-- ~o. 1 I~ . s 'r ...plantsPGBE Allantic-Oel Mar 0 kV Lne Pr (01259) AlnUc-t Mar0 kV tin. ne would expednce Construct sond AtlantcOi Mar ne Curren 200

normal overload In the AllanUc substation ould 
001O expertence low voltage durng summr pki hrr

0 PG3E Col 230/0 kV Co i1413 |l______ Cunl 2004

C /' Say Meadows 4/0 Cu RconduclorWiEmeren~ ove0)rloia Is forsalled on te 4/0 Cu 'Romnductot tiw 4I0 Cu oenton CPeroxlmntt /2.6CO aOSE Bay Medw /n CMaoucr(62teo to By Meadows I I6 kV rmni* iro Sn ectoo to oiy o M .lv Currn 2003
~~O ~ ~ ~ ~ ~~ rcus In oe year 2000. konr Al.

Overload by 200. 

Cunnnt 2004

: http://www.wicf.org/cgi-binJw2rSum.asp 
2/13/01-.. . 2/13/0 1
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_ Marysvl;i.Peaae 80 kV line.
PG&E Cortina Subslglon Capacty (1418) The exiting Cortlna 230/t 16 kV 3-66 MVA e- Rkee the exitlng 3-66 MVA Cortlna trn orln rertVnstormehr could experience a 10% emergency bank wIh 2301118 kV, 420 MVA 3-phse uni Cu 200overload in the summer of 2003. LTC's,

poropsd Clco dvevlopmert which Is s cIll in the looped into the Metoall-Mont· Vilta 3 or 4 c Jcuit.

PG4E FMC Loop (01450) Additional bank caplcity al Sen Jose A and 0 would Loop FMC substaion when the third dlsItbutAlon Current 2003ldeter need for 3rd FMC bank ban lnstalle.
PG&E Fulton. Lkevill. Upgrade (01432) A gradual declhe In OGeysr generetlon nd ·. Build now 230 kV fclit llle. CIncrease i load demand will create need o new Cun nnt 20

-__________________________ resoufrcAl.
PG&E Pulton-Moro Tp 1&2 Line Relntorce.(111) Fulton.-.RoM 115 kV line outage(U e otner Fulton. Rarl theV overtoade conducaor. If rar Curent 2001S.Roas 11SkV feetd the total Monroe Sub.load.) dcllned.recond.thes 2001Loadilng on 3.76 miles ofl 716 AL cond, between tACSS?)Oevelop operaling solutions(curtall____________________ .ctFulton ub.&Monroe tap. n Geyrn gen. unll EORO.
PG&E orFardon.Bulluad 1 &2 115kv Lines Recond The Hrmdon.Bulload No.. I and 2 r 15 kV lines could Recondu-or the Hemo;.-Bulla 115 kV OCTL Current 2004(5I 5) experitence an em.trgancy'ovdod during summn wllh 477 kcmr SSAC onduar. 200Peek condltons. Aftaf lois of either dcIrjl, Ite

reruining ine could be loaded up to 106% of Itemenency rating.
POSE lto.lttr SubslrtIon (»556) O;llrtbutlon & Cuttomir Servlce Ia planning to build Construct 11 /21 kV Hoselter Substaton wtn one Curren 2004a now dlsillton eubltaon, Hoatetter, In Northet 45 MVA bank. Coned thu n to Curen 2004San Joe to provilde rvIce to expanding.hlgh-tel Nwarlt-Mletcalf Ies as a single tap.
PG&E HumbolQt-Ata Third Line (.1433) Low vottgea due to an ove tl no ut of auli nw line.

Fairhaven unit end HumboldltA ia 80kV llne. CuRnl 2oo0
PGE Hunltars Podnt-Potrero t 115 kV (1423) Instai 11 kV cable to mrtigate overloading on Install 116kV underund cable between Hunlers 200existing cblhes due to outeges-a. Po6ro PP 

-wlPO&E Ignacto 230/116 kv Bank RlIef (91161) An outaege Of 4 gnacito 403 mve 230/1f5 kv PosibMe olut(r Incude edding e a tn 403 Current 2004trsltonaor bank wilt algtcanyes ovemload th Ctainel 
2004Imvi 230/1 ts kLv bank at Ignacio or dp od In tmeP rinainng 2301 1t60 beank t Unneelo. Mire end Vel1ao area&.POGE Jeerson o230/0 kv Bank (11e0) The 230/o0 V 134 MVA tranormr t Jeeron I Replace extng 134 MVA antormn r nwth 420 Currnl 200epetd to exp (eriene 103% normarl overlod In MVA tranaonner In 2001 to avotd bnk ovC 2004e year 2001. and to meet futu load growt demandl n IhPenlnsula area.

POLE Kerckhoffl-Klarrhoffl Llnes (11417) The Orhura( Jc-Kerckhoff 1-2 lines asa ihowng a Spl xlsUng eKaaholRK erckhofl 11 kV circull
normil loading of 100'. Into two olrula by 2001. Reconduclor t 2003klhurt-Ker.ckhoKffl-K khoff 115 kV circut

""-v1onl.
PG&E Locklr 80 kV Brker No. 32&52 (#123) Overloading of the Lockeord 230/80 kV btanfomr Reooniqumr area akV Une to ume an ext Ung le --bank and a ea 60 kV Ilnes. a. a 3rd to Industrial. Current 2001
POGE Lone Tree SubtaUon.lntetconn.ction (l927) Furze load growth In ODablo divlsion', Celta OIlsict To m t the orecast e load growh the Lone Current 2004Is proctdd to cause a need for addIonal Tr ustatllon sie s planned to be developed with Curnt 200dllbutn bnsfom nr bank cipcty by sumrer the lrt 230/21 kV tranorner beank plaod In

2002. Eastern Contra Coate ;Count e expenc rlead sevca by sumrn ' 2002 by loiopig Into the nearbyboating grovth In reIdntIal develpmfet In n Contra Cost-Newark 230 kV line.record yes
PGSE Long Term Fresno (91408) The Greater Fresno Area has a heavy relianCe or Now trannison facili oould reduc the aea's

local --ydro generatn the a evabillty, ol wtldc ti reilance or hydro genenaon end resul In m Curgreally Influence by wleather end precipltation balanced and mbust power supply mix,condtillon.
POSE Long Term Stagg /Elgh t Mile Rd (#I233) Low volage pro eInm In area for outage el Stagg. Loop Lodl-Stagg 230 kV line Into EIghl MIle
POGE Los Banos 500 kV SerIes Capacitors (9112) This proodc Is not expected to Increase capebtllty of ReIlaoe 4-500 kV series capacior banks between Cu-rnl 001T Petl 1. 2Los kane and 

Ciway that are appro ing the200
end of their service tIs.(o~~ POLE Metcal"f 4th 230/116 Trhnel. It (#1428) The loss of one tthe lre 230/115 Iransf. l 'results Ilnet 4th 230/1 15kV tansiory-.r banka Mlocaif Currant 2003in thInermal ove eds of the summe emrngency substation,NJ CO~~~~~~~ratings on the o emaelnIN two tbans. bka.

PG&E MetcalfThIrd 6 00/230Gar*(:1418) Existing banks rave serve emergency overasa. InstiU a thir0 bank at Metcalf Subatalon. 200

1 httD://www.,wicf.orv/clai-bin/w2rSum.asp 
2/13/01
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POGE Melkacl.'nta VIa(l 4th 230kV CkL (0337) For loss olf to ezting Metcalf-inL Vl.A Nt. 4 Su1ng w v :' :jlt polUo'n 'th 2-conductor Current 2001230 kV t, ovrtoadr ea on d for the bundl 2300 AAC and InelJI 230 kV lne tarmlnal
MetIuf-ontl Vilst No. 1&2 230 kV. at Metcalf nd Monte Villa subsaltlons lor 1999

umrner operation.
PO&E Morgan Hill T'rsnlmilion Reinlotoce nt Overtriping outges of ae onetror end a Loop Morgan HIS Junction.Grnen VaUey 11 kV Current 2003(31001) tanmlinlon line will cause overstods on the locl Hnes into Morgan HiU SubtlUon.

Morgan Hil Trenmlession lines.
PG&E ML View.W lminn Loop (t1431) MoIn Viltl-Anu 1 kV line clo d through Dlsconnect Ame Sub. from IMt.VIew .Vhimanm Current 2001would cause lhm to have nornml(up to 5%) end

a__ gency(up to 30%) thermal overlodds.
PG&E New Aulantic-Pleeanl Grove J2 60 kv (i1 154) Emergncy overloed nd low voltagees a Pleantl Ad a new 60kv line (rom Altenic to North of Current 2004Grov/ Lincoln reu. Pleaunti Grove nd feed Lnotl wtlh new ine.

_Install I mver shunt CMapactor at AJtndc.
PO&E New Clovti Suttbttion (01242) OCS plan to build a new Clove substation In the Thls sutxtttion oould be double tapped to thm Current 2003Clovb OPA by 2002. Bulron4-ngtr end Mencheetertengr 15 lkV

POlE New Gold Nlll.CIltavlle 1 5 (1246) Emrgency overtoad fo los of MItsouri Fit. Oold Intatel new Gold Hll-Clakavllle ckaui and upgrade Current 2001Hill lrcut. ca¢p Instaitlion delietd.
PG&E No. Livermor/Dublln Sub*. (0623) In 10 thu 2004 the tkod I orecast to grow by 38 Construct2 dhribution subs.n No.Tri.Valey. Current 00MW pr ye. A t a esu, ublanUl addItions to Dublin and No.Lhwvrnor >ube.

__ ____________________PG&E treansmlsion & diet. system will be required. Iao_____
POtE _Norch 1 1621 LkV Sub. ( 1240) Load rowl In the NoM Est Sn Jooe a extceeding Perform Inoonnecton study and wre mrnge ntnl Curren 2001nom _____ acity. Ipproval.
PG&E North(et San Joe Trnsmislon Relle (#157) High lotd growth nd new bu ines load In the San EJpnd the new Lo Eitwoar 11/21 kV Substtlon Current 2002Jose u may caus overloading of the ettng to Incude a 230/t 15 kV swtlchyard. Contruct atranntillon inow and Ve 230/1 I5 KV tran»forrnwr new double drouA 230 kV mnnlmulon line from the

at Newark and Metotal Subtatbons. exIl*ung Newark Substabon to the Los Estero.
________________^______________ _ ______________________ Subsation.

Copy Interet: Northern Callfornia owet Agency
PG&E Northern Reclving SaUon,Sante Clar (6l31) Due to rapidd ld growth In the nor n porton of Conauct a new 115 60 kV Notherm RecMng Curen 200

th Cty of Santa Clar, the City bI plennlng to Stdton (I be mp2lmrut lbyt tolt Cur ot 2n02opnitu(i nw t t16 kV tubleteUon nd re ngae 60 CIerel end blop-In aelrng PG&E Newl.k-5cof P1K/YtnaL o prlovlde I rM to e hehvlly torded«0 end 02 lines to the nw ubtatlon.
__~_________________ N~kV Nmorth lop.

Copy Interest: Northern Cllfornia Powa Agency . .
PG&E Pardu Area Rein. Project (1 258) Pardis Anrea i ep d to experience emergency Loop T.MI. Buta 3 kVline into Peradis end ur 002

line ovaload end low voltae. conver Pradisl Sub. to 115 kV oCure0on2
PO&E Pinedale Distribution Sub. Inter. (411168) Hemdon.Bulrd Ine hee a 13% overoad it one In.I doub*l tap to connnect Nee subson t Currnt 2001

__________ drult I out In the year 2001. Hemdon-Bullfar Il kv line.
PC&E Pittsburg.Tassjr 230 kv Recond. (1170) Forescast norral owrloMd or 3*A In 2001 summer Reconducdor 5.4 miles of 94 AAC wth 964 SSAC. Curent 2001

PG&E Ravenswood 230/11 kV Bk. Cap, (»1420) A second bk. will be Insal' l at Rvewood to Revenwoods Sub. Sk is the only transmislon Current 2004Increasj normal and emergency capcity to the trentonrmer bk. at ta slub.Oulte will cue otlhr Cun
Penmlnsua t15 kV system. cilUUties in the Mld-Penlnaul to eceed their

___emergency capabillles.r.

PG&E Reeactive Suppo In SFIB.Area (1<424) Reactive margin In me Bay Area needs to be Inetall reactive uppon In the Bay Are.-candilte In Current 200
Increeed Ior contingences.r mrttn 230 kV for 2002.

POSE Reptlce 2 of e0'-70'a 600kv Serles Cp (01149) 6o'.70's vlnltge erter capacAor benks are ne.nng Replhce exIting seres apcltor bmank with new Current 200
the end ofthe Service Ie. b. having normnl/30 minute emergency Uting of

2687 ,,/4o00,
O( PG&E Replace ine 8 0-70's 500kV Cap (01230) «0's.70's vntgO e eesn* cap*ctor bcanli In nrang Raplaen wth hIgher rated, MOV protecltd eorn e - Cunrent 2007
0 the end of their service lie. cap bnkl,
r PPG&E E RMR: Metcalf 500 kv 300 MVAR Cap B. The CiSO ha aetrmIned ,000 me of ltocl PO&E Plane to Investigate sevrel tranamislon Cunent 2001O (01142) restbitly nu(t run geneaton 1s needed or the SF e*ternartveso reduce te 6,000 mw RMR
ho Bay Are. The enntual colt of h RMR m r equiremt r lonnitbr ay Area.

____________________ _lIs abl)outl 00 million to I Wldllon
"j PG&E Robies Staton (0724) Serve area load growth. Snge tp te Pitburg.Morngi N2 230 kv line . Currenl 2002

CD ----- ------------- __«-________. ___________________________ ______' and. Int1 one 4. MVA. 23/21 kv Itrnsformer
P3G&E SallnaVWetsonvlle Tranam (111421) Thrral overtoade and tow voltage re cauted y IntIl voltage uppolr dev4ce In the WsronvUil area Current 2005

t http://www.wicf.org/cgi-bin/w2rSum.asp 2/13/l1
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.___ '___________L-t1 oonditon In the Waltonvil'e. to boost votage.
PG&E San Francico 230 kV Trenanmlslon (u 97) Potntial duced generatn in San FrrncJ ic due " Various tranimnson option to plaoe Hunters Curet 2005to u qumy contrln and Increauling load lead to Point Unllt 2 and 3 wIl be InestgatIed. A pCrprn0de(reciast reneneMlo en filolenclees. suton I& to Inalll a smscd Sen Mate to Mearn

230 kV cable plus posible dditonal East Bay
___________________________________________ "Ar

1
^?

1 l u o l
"upgradea.

Copy Intreslt North California Powr Agency __ _o_

PG&E San Luil Oblapo T0 Rlen. Pr) (#I 21) San Lull Oblapo 70 kv area trIn. will expenence Insta i 230/70 kV ISO MVA fpnnformer bank at Current-vOl mbrl e and heavy line overioading 110- Templeton endoonata 0 mile7O kV doub Curren4tt suenm er ergency ratinhg or several ,slie circult line from Templeton to Tenopitot JcLline ouages.
PGLE Sonoma nd Puebl Voltage Suppori (-- 1112) Uncacepable low emergenoy volteare ro ed Install a 113 kV capctor at Pueblo Sub to be Curent 2003for Sonoma (100.6 kv)snd Publo(0.2 kv) Inthe connected to t 115 kV bus. The ce o e200event ot en outage of th Lakevlte-Sonomn I 11kV shunt capeoltor i to be 100 mvey wIh 4 steps of 25___ In the unmrw pelak 1 99. Wmvr each.
PG&E Sonomu/t':ndocino Coeal Voltage Pdr. (1113) WNorma end mergency lw voutge along Ute Inta voltage uppol devceihun ce bk, etc.) on Current 2003Mendoino ot. the S0 kv Sonome Coastal IK.ConveT the PlIloJc..Elk eO v line to *11 5kv rtng end onnect thlaIne to the Uklsh-Hoplelnd.Clovenlale 15 kv line.PG&E SIt.tM,.tePueblo I1 Skv Line Rein. Prol (16 13) The 716 knml elunnum lecIon of the Sl. Helenr Relt 14.64 miler of the t7 kcmll duminum line Current 2002Jet.-Pueblo 116 kV line i projected Il ovrtload the sectiUon of he StL Helene Juncl¢on.Pueblo 1 5 kV

26e% and 23% respecvely. transformer overoada.
PG&E Trl.Velliy Long Tern Pmrcit (1401) Load I Ln T*O-Vlley wil ce existing Intall additional distribution sUbtatlona end Cun-nl 2002PG T.V^ Tapcity. Itrns1mission.
POLE WeVtl Scrsrnmntom.Oav Rein. (01404) West Scemento-Davli 11 kV experince Reconductor te W.Sac-Oevl 11 kV dr cil or -2Currenl 2004I emergency overloads due t 0 20 and 4/0 sections. IbrlU a 2nd crul. 2004POEN La Plomr Generatin Proetm (01060) N1w V mle) . 2001-PGEN COly Me" Generaing Projec (91277) uConnectd to MlgueTjuana 230 kV llne mile- 2 Unit Cobined Cyle G eneralng Plant Current 2002from Miguel.
SCE Alarto &» Lugo Wlve Trap Rep. (51269) To relieve overod on the Alaml;os-Barre *1 & 02 Replace or remove four 230-oV weve reps l atCurren 2001230-kV lines Allmiol-Conler 230-kV line, Ajamtos- AirJritas aubtatUon, end one 60o.kV wave trp el Cuenl 2001LightIIpe 236kV line, end Ie Lugo-Mohave 500-kV Lugo sublstation.

I_______________________ liy^^^^^^^^^ c u
'
T

~ne.

SCE Mire Loam 600/230 kV Trf. Add.iti.on7 (3187) gra--- exs-i ng -00/230 k tranformer (MA benkj s t 10 00 Currenm7~ ~~~~~~~ m.~~el Mire Loma subetlton.
Copy Intertl: Southern ClHfornl Edison Company

ita ,,/ v T t r Add one 280 ItVA 231106 I normw and 19,900.000 Currenlt 99

of Add 1275-VAR o shunl capacitor onk amon Curnl 200012 substatons,-
SCE Snerno 5001o/30V Tr(. Add. (9127) oAdd thrd 1 120-MVA 50030kVTrn- orer ank Current 2000

at Serrno subatUllon.
SOOE Bundle San Onotroe Talegi 1 & 2 (51076) Serve lod growth and increase Import capbilily. Bundl TL23007 San Onoe-Tege 1, bunde -Curen 2004

98160 TL23052 San Onofre.Talege 2,. Cuent 20040 SDGE Convn: Sn Lui Ry, Sni Mateo (#l274)i Bundle TL23000 wi TL1332 from SONOS to Sn Current 20000mLull Rey, conned to second rim, benk. Open 2000' TL113836 al 6an Mateo Tap, tli projec (O11 ) lie
rn being workced In conjunction wit 991 14, new x(mr
<o SOGE Expand 230kv at San Lull Ray (51270) 99120 Loop 3.230kV Ie lines Into substatlon i In .230kV Cunent 2002b ,conveOl ' .1 3n03 ( 1 2 0 _V opeln. ( 1_20)_ n-

suppor_. b/yond wha'e being done on 9911. Install

O SODGE Intall Reactiv Power Support (01272) Asti,, voltage support olso. 9,25 -- Ins^ 2dto. SoT e and dynamic Ir-----------urnn po

100 MVAR 5TATCON It TT*ege. and IddltonlI 48

- h // b 213/0
htp://www.wicfor~/cli-bin/w2rSum.asp 

2/13101
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- -__, ,___________.____________ _ -» _ _ ^^ ^ _ M'VAR *t varlous suotlatlons.
SOGE Insll Tranmnlduson _ubsiaton Caps (11 89) Thie pect 99115. More caps and i STATCON InsaU l dditional subtin p to

provito Cutnpnt 000will be instaled on another oroJec,. 99125. mactive powmr support
SOGE New 1 3/169kV rmnsormner, Mision sub Project 0151. Re,pao W9WMVA tnonsmrar wtth a 224MVA Curentl 000(s1188) trenslorm¢er at Milson Substati

DSGE Now 230/131 kV xlmr t Telogi (.431) To erver lo d growth. I9155 Add prne 230/ I 1t kV 32 MVA U tomr rS Currnt 1999Tl.g. Sub.
SDGE Now 230M9kV xdmr at Eicondido sub (f11 0) 99117 Inmali an eddllonal 2301/9 kV 224MVA traniomnr Currnt 200and remove n exitng 13J169kV btrnsormer it

Econldo Substatlon
SDGE New 230/69kV xfrnr,Smn Luli Ray ub (i 1ee) 99l 15 Repace in exing 60VA bank wih new Currnl 2000

224MVA bank it SRn Lule RAy SubetUlaon
SOGE New Synm. Canyon 230/9kV XFMR (d1209) 98196 InstlU an additonal 230/96kV tranformer at Curernt 2002SOGEl NewS^CdyunVXFR(,2. «________________ _ _Sycamore Canyon Subtatlon (9 19e6)
SDGE (Rcniuct Lagun NlgueSn Mteo T p ill17, n ow cnc tl Ronductor (wo 135 kV lis C nc' d 2003
SOGE Reconflgur 13k8V south of SONGS (Mil 7) Bundle irliXJng Irunmiulon linen, rangurlin es, Reconture the 13lkV Trannmlson ytm out Ca d 2000aodd 2 nw 230kV circul breakers. of Sen Onofe
soCE Sout Bay- Maln su 1M 3kV Upgrde (34) Proc 97157. rTo s ,n oecased to groh Upgrae 13. lin (10 miles) Currnt 2001SMiUO Pcket Sub. (#286) Hedger.Pockelt230kV ne looped into Compbell Sub. InServc 1M9710 Walnut -Hllma k 11kV Line (1129) C onrteuct 116kV doublt drilt line from Anutl Currnt 2001

substaWon to own of HI- m, 230kV to 11 kV
tranrom_ tlon el WaInuL

710 WWley -.Wlnu 116 kV LInl (1,429) D Oouble crcul 11 OkV tine om lV l Currnl .2lly006
substation to the WYaInu Substio wth 230/118 V Currnt 200

nom_________n at Mal y..
WAHQ Cotlonwood-Roivlll Z30 kV Recondutow incraal Import capebtly to Sacramento and voltage Reconductor 230 kV line (O0 mose) Curnnt(0343) support
WALC Dvil-Parker 230 kV Rcondulor (376) R:conautor 230 V lne Currnt 2002
Copy Interet: Artone Publlo Servio Company. SAP

Copy InteraC: Arzona Public Sr Company. P -R ne =
WALC [|Pskrar..o.GUe 161 kV Reon.ducbor (377) Rlconductor 11 kV tine, CuanI
Copy Intret: Arzona Publlo Servte Company, I Cu l 2006

WMP Lodl Inronnectlon (.1017) i. CIty of Lol into WAPA'. Hurley.Troy 230-kV 1 Tie Ci Lod Into WAPA' tng HureyTracy, Cun 200ftine. |California 230-- /i1 ine. l ___ l
WAMP O'Banbon SubhtaUon (#727) 230KV Substation nnecmn g Suttr. Power Plantl o Cun 2001

WAPA's Ollnd~ldKe_--:-- ri lime. Cunrlnt 2001

Northwest Power Pool Area

-n_ _ _ _ _ _ _ Project Type: C oncept
O Org. Project Name and IDe Nad/Requlrequment- Projct Deriptlon a. C ( US $ Sa IUs« Year
m BCHA 1 (convrsion from 3L3) (11456) Replsce igln

O transforner; Serve inceasedlod R place 3800/1 3.kV btrlnsoner l L ahech Os $4,430,000 Currant 20090O 
with a 230J819kV Iansformer. Modify the 300kV ringihM~~~~~~ _ct Ra~~~~~~~~~~~~i t Rooedae lor 230kV operation. Renrm 313 ee

0 _______________________________ -- 21.71.
3 ABPA Albany. Eugene Relnforcemenl (14) Dpends on H.lsey paper mill dasion on energy Add ob.'ckl 115 kV from Eugene sub to Alderwood $3,340.000 Current 200
BPA Culter inlteo Doubi, Circuit (i66) To serve 90 MW expanon &l Intlro plnl and other Rebu^ld exslting Culer InUlco 230- kV Ine to dbl 5,70.000 Currentl

http://www.wicf.org/cgi-bin/w2rSum.asp 2/ 01/nl..e" 
2/13/0o
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new Industriil loae. dOpeanj r- lo' cv
....._«.« ., -- _ _____ __ o'mitenallzln,
SPA Z blank (01302) Non-kelecbical. Ditlb0a e t. .l Current 2000IPC Borah4Midpolnt Upgrade (9359) Inuea transfer cpaeblllty of Borah West Install 30% aes compenuaton In the KInoort. i9,51000 Current 2004M1dpo3nt k48 kV line rtoonducor ft Srdi·AmrIcan FIll and e Amricaln Fall*-AdJalde

138 kV lines, and idd two shunt oonrsnelabn
-bnks.

IPC Southwest Inlerte Projec (SVIP) (S38) Increse Urneler capeoity for commrcil purposl New 500 kV Mklpolnt-CrystU TI wUh 1200 MW bl1 $39,900.0001 Cunent 2010__d lre on at retinl
PSE Christopher Wea Traen.rmlJon Project (#060) The ro t l Invoe rebuildng and rerouting 2,20,000 Cuent

exitlng so ! 5 i e we n Ch rlito pher endFeele Wey Area to Ino t
PSE N. King County Translonrnr Addition (#794) The proec I ntn torovie ddonal suppon The pro would involve Insltllaton of a 230 - 11 110,000000 Current tto meet the projct toed growth In North King kV tnnormer Il In exlttng or e new subtallon.

County re.
Olympia Area ranlsformu Addition (#797) The proecKl well nvolvi InIAJtlon of 23.116 kV 110,000,000 Current 2006PSE--" Tntr> I tlntitn xl»Ungofl»»w u ton *'10,000000 Cuteent 200etrinsiormer In eatmir m existing or naw sui~UstI3o

In Thurton County.
PSE . erce County Translormer Addlton (8791) The proclt Is Intended to rovide oaddlonl capacity The project will Involve InallatllIon of a 230-115 kV Cunen- 2008to A*ne l o u.D tl lod growlh in Plerc County translormer at eIthet n eulxstng or new subetatlon.

nod urroundilg eris.
SNPO Beverty Prtk 230.115kV Capecty (6l6) ThIs pokect I needed to pmrvle sdlUtonl 2130- Thl prorct exnallon waillnd ,41,0 Current 20e.niSNPOftorn ^ b2;io oartea h l n18kc-n, eo 3.O SktSn»4410,000 Cunent 20105115kvtPlinimllJon subtidon apae//y in t central Sonwood1ng 230-11SWV UInestoma*ton c20ty m

SnonomSsPh Pounty sTuvlre ( CThe n 1 kV S p of the P s tidng w rtye P ork 1 iS W na S iS00Othis pcolet h pltnned to be cmpleted In 2005 and loc In e lh u eou Evnret re. Thi expalonte 230k In the year 2010), will Indude a 230.1 1SkV. S 300uVA power
tnranlomrer,

SHPD BPA SnoKIng Ado 11 5V Sectlonallng This project is needed to reduc outage exposure for The 8PA SnoKlng 115kV eon proet00.00 Current(ST03) W ,outh Snohomish County service rea. An would rqui heinl ononr 500000 Curren 200outage of the SPA SnoKing 11 kV bus during winter In the SPA SnoKIng eubtation. The BPA Snoilngpeak oondlitJons will result In a major non.cascadlng substation Ise located near MaItby Roed (20eth S.E.)South Snohomih Couny outage. ind York Road (35th Avenue &E). BPAi difead
the 230kV

Coner to North Stinwood outage. Thiproject wil tween Lake oowln end North Stlnwoodredut the outige exposure of three sublaons. substations. Construct a 11kV line terminal at theLake Ooodwtn eubauNon, Construct | 11kV Unterminal at tfe North Stanwood ublttlbon
SNPD Park Ridge Turnter Coner 115 kV Une (840) This project i needed to provide an alleratle Contruct onen mil ofl 1kV line Conncrg the 500,000 Currentl 00trn nsmllon ourF that oonnects Perk Rildg Pak Rid d Tumrner Comner ubs onr Instal llsubltation with TumMee Corner substatio. This · 15kV ine terminal at Tumrer' Comer eubeteUonr.

pro will be oornaited with t Hlehwav 9 roai
lng proecl sponsored by the WSDOO

SNPO SnoKlng to Clearvlew 15kV Line (1900) IThis proect Ie needed to reduce he electric ytrm lnstall a new 1 5kV power dcuft breaker at 34,400,000o Currnl 00
expomu to outgel In outlh Snohomiah County. SnoKing contud a»new 115kV tlam0lslo0n line0
This project will Increee tr' 'nehr lcapabit1y fro~m SPA Snoting to te Fioral Hlllr tap (I mbt),between le~ BPA SnoKol g end $Snohomish point of ebuMd the Clearvbiw to Tambrk JuncUon tap
derll veIes. 11»6V line for double cJrcut (3.7 mill), Intill twoPower oir

SNPO Swamp Creek 11kV SwIlchIng Statlon (141) ThIs proJec has been detbered, due to the deferral of The Swamp Creek switlhng station will Include Iour 35500000 Current 2005a 230100kV substaton upgrade at BPA SnoKIng 11 kV breaker poelt ons. The Itakon will beand lower than expected peak demand growth, desgnecl to provde for one tuture 115kV breaker
0 I . Position------ ---- * ------- - a_____________________ _ oltton and to future 230. 1 5kVW lninfonrmaton

m ·__ - -yD'm
o8 --- »- ---__ _ _ __ ___ ____ Project Type: Need

O rg. Project Name and ID# Need/Requiremetnct a.criptionE.t CotUS) Status y r.-. J ~ AVA Avondale Substation (11206) 118 13.iKV Subelallon Add subr0tion to meet Ira ed blaf In e Current 20AVA Nith & Centr Reconlgural (1208) Reconductor nd recono gure 2nd lIne Into o&C fr.m cuent oo

http://www.wicf.org/cgi-bin/w2rSum.asp ./ I
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AVA 01 -Bacor 230 kV Line (#1438) IJ1 C,;I:j 230 kV!:; tvn O
AVA Ol OrchenM 230-115 (01208) ipo 20i abl....lori m _ _ _ 0 -Ad 230-11S trsaformer to relen overloOdingan Current 2004
AVA West Plains Reinorcement (1207__________ idng to relieve oveodl nprovelll Currn 200--
AVA V'Aitand Subtatlton (0648) 1 1i3. 8kV SubstatIon Current 200
BCHA LM Voltage Control 1373- Curr'nlt 2002BCH1A LN Voltage Cvltro (#1373) Install two 230kV 2x1 10WMVAR shunt capailtorn 99900000 Current 200

(one et Supervlsory controlled: one et eutomafUv
virtge controlld) e INO and one 230tV 1 50MVAR

_____________--y_ -LOOP_______ _react____, re*aor each at I G end MOn. IBCHA NLY Loop (147) To accept higher delivery amouns o Colmble Rlve Terminat Comlno'e 230kV tranmisnkn clrcuit $3320 000 Current 2003
rely Cneadlan rnitlemen( at Neay. 71 L at Neawy. Add one 230kV breaker at N3ekwey.

SPA Monrel Echo Lake Line O2 (81321) In'eales N- S trnalfer on tie Northem inerle New 500kV Hne from Monroe to Echo L Curren 2OCPO Priest Rapids Prmd. PO0 (81388) 001
PAC Red Bute Trlenfooref ProJect (1 2683) inetall e 345.138 kV 448 MVA Transformr at e Add 346-138kV, 44e MVA Trnsormer at the Red $2 272,000 C nt 2000Red Buits Sustation in aoruem Vth. Butle Substation
SPP F.ICon-Gond, 346 kV Proect (M101 4) 173 mile 34 kV in b n Falcon & Gnr Curnt 200

substations
Copy interest: Resource Dlat Internmaonal '
SPP |Frenchmen TepProcd (1016O ) C --

I ~i~ Cunvnt l 2002

Microsoft VBScript runtime error '800aOOOd'

Type mismatch: '(string: ';1.5 to 9 (options)"]'

Il-bin/w2RerLib.as, line 489

________ ________________Project Type: Project
'Org, Project Name and ID0 Need/Requlroment Project Descrpt. Cot (U9) Sta tu Yer

AlES 75 MVAr South AJber Shunt Ce (#1347) AlES Tr ouantisln Deve ment Plan 20002009 Cunt 2005
ProJect 5 -

AIES 948U91.48 SPTR (81342) -AES Tranailealon Developnmn Plan 2000-2009. Single Pole Trp an Recioe (SPTR) Imple-mnted InSerc 1999The recnt coletad singl pole trip end recJoe on 9481J.198
(SPTR)pprtecUon edemn Imperntasd on 240 kV
crrcullt L489448L between Plntearth end Mellikow
SluM help reduce U hfrequency of voltage collapse
and no

AIES Air UquMde Fort Saskatchewan (#1365) 5eMW Cogeneration- Current 200AIES =i i e5$WCo nonetlon _Cun't
AIES alzac 240/13S Autotr&rlform' (#1 340) Calgary' growth has produced a commnslurlte &latc 2401138 Auotrn r end 240 kV In/Out Current 200Icrese In the demand for elecical energy, end the Current 200Intrfac between the 240 kV bulk grid and the

underlying 138 kV transmlulon system which srves
he city Is beginning to rech capacity. At least one

add
AIES Blckerdike -Littl Smoky 240 (11356) AlES Tranimlalon Development Plan 2000-2009 182 kitromea-tr 240kV parallelg exuiing 13kV $23,300,000 Currnt 2005

_____________________ _ ~ProJect 13 (pox. 1 m)
O AIES Calgary and Are Capociorn (i1 338) 164 MVAr In total, cc rld of 27 MVA atCu -t

0 . c.... .Canoe l l8S, 27 MfAr atI BlckJI 285. 2x270 MVA1 Al Enmnax 14 and'54 MVAr at Enmix U41.
C_ Th'ia capedtorh Increase operang flelblty nd

e0p addreSS Voe rect W
V pwr deficency InhMagary area. AN b

C~ ~ AIES Cllgary Area Thermal UpI)gre (Il 354) Cai.garL ' growt has poduced a commensurate
Incras In tiw demand for lect ricl ntrgy, nd t Current 2000
Interface between the 240 kV bulk grid end Ul

J hnp://www.wicforg/cgi-bin/w2rSum.asp 2/3/01
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unds,:y'r.;; r':..(i.:.:. o , .,*:; | ithe cJiy Is beglnnlng to reach cachty. A "n.x:',: f
r__

A-S Cancarb 135 W MwMc)nt G.enrani o ' Cunenl 2000AWES Cs, l River (11I 30) '0 M MW Merchant Genllonea Cuwren 2000AlES Cordel -Vermflon 240 kV (1357) Inludes Jarrow 2401138 kV transfomntton and 80 ktIometrea of 240kV conlruc0(on end 38 Curent 2004W_ nwright - Edgerton 138 kV kllomeurea of 138kV (Wppoxlm ly 60 and 24 rmllo
-r e e -"p4Cveby)

AIES Edmonton ·Calgary 500 kV x2 (41 363) Edmonton ·Calary 500 lV Two Clreuiu (Include. 58O kllomtr*s or 240kV oonlnucUon Curren 2007Pelgan - N. Lthbrdge 240 kV and Batc - Calgary (ppoxlrnstaly 346 anles)
Downtown 240 V)

AlES EltZerlie Synchronizer, (01341) Nee Identified by BlEck Start Team to open up an nSrvica 1999aItlwonl syrtem blacKlUtlMlith from Fort
S._____ _ S wn to tIle Liakea 'bsimun mar

AIES Fort McMuray'- Lubl4on 240 kV ( 1368) If locl genvito, are unwllIng on unatI to 180 mile 240kV construcUon. Current 2004
p LrUcJptpr ldrquyldy Iin Ihl RAS lnhlamenlalUon,

flx itin9g of Ip·h txpinlon. Invo)ing
G~njctlon M» a now 240 kV ler 'OilweenFon
,Mdrumy and th rst oc thc ySrme, wel need to be

______ _________________ lnlUated.
AlES Fort Sabkatchewan Thermal Upgr (1353) EAL hae indentifie that a nveral n »na n Curnent 2003

fclUtlee may beore overloaded under pcn1nt0clow- probblltv rl muMl onli no lea (slmultane ou
genermtor nd line outagea) during the upcoming
summer rseaon. EAL' hort term plan Involvn
uprlng Vthe

AIES lHay 27 MVAr Capadlct (41340) _ __ Sece 1
A IES ^ - cUydmlntr A--- -------n (#1339 ) -- S-AIES Llydmina0ter Area Capacitoro l (1339) 40 MVAr total conlsistng of 20 MVAr at exisng HUI Currnt 20007615 and 20 MVAg i l new POD aubetamon

D onne t for Ih Lloydmlntle area.
AlES Lloyamniln.trAm Generation (11360) 50 MW comerral geneRtn undei System Currnt 2004Expansion Related Prcing (SERP) or olter

comp et_*_va proourneme mnethod
AIES Lloydmlinrtr A/rea ourc (1346) The new POO will Improve disributon servNla Now Lloydmln4leir ubotlton Currant 00

rellabiliy to the city or Lloydmlnstar, and will enbl 2000reonflgurltion of the exlUing Hill aource subsatatio
(Uoydmlnatlr for Increased opertlng and
m__ ntenrnoe flexilitly. Th«e Aeoltore will upoo ___

AES MWUnlum (01364) 2_20fMW Cogqnett on Current 2000AJES Ne. 240kV Bus Re.onrfigurll (41343) T- The Nevl · ubtaUon In prUeny con gured so that Current 2000
ulo-Mln tormn f a llure wlS Cause a lmu eous ur

ouige to trainurlalon Cdircuta 912l9L2 and
91

920. Thia Is an Insdequate arra*ngement for
CriOol tranuslisIon e'm nlt and t should be
reconflgur

AlES Northwest GeneratLon 1 (»1U1' ) C-- -. ~ ^ -00
AIES Northwel Genertllon 2 (13)__

Currant 2004

AIES Nova Jo re Cogmneratlon (l3) 47MW Cogenan Cunan 2000
~~~~A16tE~~~~~~~~~~~S Roi~~~~~~~~~ldl (113519) -- -- ---- - ---- -- ---- - . -Curr'nt 2000Ales Rosadaa (013-.9) 208MW Merchmnt GeneratBn Cunl 200

o 2000.00 assums that 250 MW ol generation wll200m be added In the Calgary anrea ovw th nwxT two
0 yLeas. and aurh.r s60 M( w) il np I( Inth

o^~~~~~ ~~~~~~~~~~amrl by 2006. Thn e generation ddltons will neblidolM

O AIES Tylor Hydro Plant (*1383) -- M Gnt CUolCurrent 2000
t4 04neretb( O oh~oi~ 

Cunmnl 2000AleES UVLS Program s (1345) Undervolta Lod Sed Prograrv'a south, eati Currnt 2000con"r, h
o
. Emp.re enssan Cold Lake are .

http://www.wicf.org/cgi-bin/w2rSum.asp 
2/1p/n

0!2



ICF Summary of Needs and Projects by Area Page 14

AVA newch 10 io Shawnee WA (132) Conplete 2'0 V Icop int. o v:.:..vs :. -.. - Crt 200-_______________ I___________ _r
1

_______________ . __ _. "Current 2005
AVA NO, LewLion 10 to Shawnee WA (129) for Molcow-Pullman erea load. __

-AV Butd r Iimi0tii2 30 -- 6uO 1 4 d douubl e kl lina fronm Rsltdrunm.OUt Current 2004AVA sdrmO ,,,. -2- (.46 O--. .------ _--AVA Shawnee to N. of Pullman (11205) C .
BCHA 7L1 7/15 Sub-Cable retire.nement (170,) -R.etie l portions of two 1VAC ub cbil end bi- and Cuenrt 2001

overmed circuia. Retain radall upplv from
Vancouver Island Temilnal to Salltprng and

._____.____________,___________.________ _,_ .. ~OGallano slalnds.
BC1A 21249. Eat Kooenay Rlnfore (820) Serve Increased load Complete ROW acquisition nd conslruc 230KV 31,240000 Current 200

_B______________,o^^___________________._°.ootransnmaaion line from CrHabrook end lnvrrmee.SCHA 2L35 . Ingledow to KIddl2 (8526) Serve ncreed od. Design nd onstrct 23 dble Curren 2009

v Current 200e

transmnsslon lin, between Iglielt aupp2/fCe 
0BCHA OH/, RAS Upgrde (#32) ImPve he elibily of thia echeme in rtone to PRde tedundant communla(on to ucV n KCL 1270,000 InCervren 200SCC tndlng Idetiyling that failure of thi RAS f generiation shedding end to COK for TAUC inevwill hev unamoptable consequence to the WSCC tripping.

syatanl.
BCHA ACK Voltage Control (b217) RlnCee the stabon's frm capabilly to hendle the Add x iSOMver hunt Cedptor a WOkV buI . $3320--,000 D d 20Inacauu e ation loading when the fifth Revelstoke~--^-_ ____________________ e~9«neraftor Is added.
BCHA ALH IPP ntgron (0) Cnnc nw g ng on, ALH (Arrow Ter nw in (construced b ,0,000 Current 2001

B C H A_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ g n eraU n g s ta ti o n (A r r o w L a k e s H y d r o . A L H ) tI
SCHA CRK 5CXI Ralurtiahment (#Jo89) Replace again9 Series Caoacitor Bank. Replacement of all contols, Potection and bypass $7.760,000 Cdun-nt 2001

I breakers wit modem qupel u replacement of200the PCB capaoitor can wli non-PCB nflid can,
and replacement of power line carier with

8C> H~_~ . ~ _L9/8 Upre($)Ipoehyo h e ra a t_ "^Provmlowve communicaions.
SBCHA UI sCx i (10i1) ilncrease the interior to Lower Metinland rnsler Install new Gukfon ser7le CApaciolwttlon (GUI) 21,100,000 Delred 20011

__n__________rtetn=_|_C04th__ lI____ _ pnor.t
BCHA HVDC Pole I retirement (1 17) Rre HVC pole 1 (312 M) as contingent on Dera(e to 0MW. 2eMW on ho.t-slanay. -

BCrA aVDted a ndi__ __ng )_ InSeryi -e 201 00
BCHA HVDC Pole 2 retirement (S --------79o-) ____De0rate to 240MW (1/2 Pole). _InServlce 2000
SCHA ICP IPP Integration (# 26) Conntrut. to ln e1104 2 C 2000Ctaj hottJt ltFM)».fw ?4t on ( C100 $nd .L104 2,2180,000 Curanlt 2000Lreu it (JHT to EFM) o a new 240MW island Cogn

_Proect nCP gerting statilon. Replace nine
BHNA KLY Voltage Control (#1466) /o-A V13gHkVodars. A400 

2
BCHr-MLSS^.CApR uLJ(«10«^ --------------- ------------------- Add a 600>V 125MVAaR hun, ruc U, 4 Cu rent 2-SCHA MS Series Cap Returemenin (01068) 

CRetire aeing S ln for C r. Cwrent 2003
BCHA PAC IPP Integraiton (n108.) 5. o e and&_L 11a_

Connec t ngw 240 MW cnwratin station Port C-ren 2003
Albernml Cogeneraton (PaC) toP .S Curt 200Alb
RIphic twelve i 38k Circult brenor-s and nsell a

-*_ ___________________________________~ *1*38k V clrcult breaker Positionitl
SPA Bonnevlle. DalIls Relnforcemenl (.667) To relieve overkoad due to outgs« on higher Reinforce I 15-k network beteen Bonnevie and 400000 Canceled 2000

voltage networ during high POt Impors.o Includes The Dallas. Includes line notonductetn.g and
8CHA OUl 5CX 1 (11011)barlieir Hood River -Bonneville 1n kVe reactve suppo(G.

___________ reconductoring procd.1m SPA East Seafa Reinforement (S243) Needed to Inerese reliability of servintrowing Single CMt 600kV oanamieson line: 9.5 rnilr fom $17,700,000 Current 20020 8 ~~~Seattie WInlr peek load end nrneaee'ariler - Echo Lake toa tpo On tHe Schultzo Rever 02 lnae 3_ ___ toD Canada.oWI______e_ _ retement 77 ) Reo. HVC; oe1 The23
rmWl sectione to Raw Win-

Copy nlteresl: Seattle Deprtment otfh S Cy Lighttng (Sea Ie. hit) -
C..) BSPA Franklin Area Rinloroment (0252) __________200"- ReconductI- II 1i V to . = |SB~PA tKep Area Re~nforvemrent (#05) jCost Is SPA portion Rebuild Shelton - Mtisep I n.kV line to dIoubleco $14,400,000 Currentel 2001

:po.kV, one side op atekd el I ninV.

http://www.wicf.org/cgi-bin/w2rSum.asp 2/13/01
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Copy Interes: Altec Induslrtes

PA N S1* TX RelnBforcn (569) w t r asllb lity of «ervlng S«rte Wnlej Add 00/30 in(m bnk Sno-Kng Sub · e13,300.000 Currert 2002I Peak Load
Copy Interest: Seatle Oeparren! of Lighting (SeatWe City L t .

BPA Porad A*rea Reinorcemnt (440) Prvent volla% knttbltty In Portland aree during N. 380 MVAR capl at Keeler 500 kV bu No InServce t 9991 l several 500 kV T/L's.
SPA Portland Area Trranfrmer Addition '(438) Need to prevent overtn lrng ol xstllng trnnllormers. Add 500/230 kV trnform t Pearl ub. Currnt 2003
SPA Pugel Sound Relntorcement (1244) Prevet voltage Instablity due to lo of eixisthg Nwr s$nglr-ckl Chief Joseph.Monroe 122 mile $100 000.000 CurrIt 2008Chief Joe.hJA-onro 6OV lIne. 500kV transmisslon line. 0
Copy Inter t: Seattte Oepanmn of Lighting (Seatt City LihtI). WSCC
SPA S .l.m Area Relnformnt (81285) Pr ove oveloade on existing line Add 2nd gl-ct Sanrem -S hl Ter 230kV n 7794 000 C t 00
BPA San Juan Area Support (0l9) Prevents overload arlter outage ol existing 1 .kV Replace 34.S-kV ubfnartne cble with 6-kV cabl. 814,400 Curren 001
B

PA Sohultu . Hanlord 600kV Line (#1326) WVl t relbve tran"mlis l on contalnl north of Hanford New 600kV llne fron Schullz sub to Hanford sub. 154.400,000 Curet 2005

BPA Scahu ·Puget Rlnlonwernmnt (8304) Prevent voltage In h blitly In Pugel Sound area. Slerle compenulton of Schult-Raver dbl.t 188,30,000 Currwn 2003
500kV transmllsson Ilne

Copy Intrei: Stne Oe rdI:tnmrtt of LghtIng ISeatle City L ht)
SPA Swan Vlley .Teton 1 6kV 82 (1 13) N w 0000 Cun 000Svnw leahe; l V Inse to parallel eadaing Swan $13,300,000 Current 2000vGry. hiMi -Tetone 115V line.

PA Vllmnoitile V eley Reintorntmet (390) __ Rebuild 71 milet of EdyOtrander O0 Kv Canceled 2007
CHPD Col. Corner Fox Canyon (647r) Contractual limit of exhlstng transmislon line will be 1I6 kV line from Fox Road to Colu Correr. 33 000 Current 2004roeahed. ProvIdes addIional rellablity by adding

_second 
ll

ne to are.
CHPD Monitor SubUtation ( 306) __ 11 I kV witchyerd and dlltriutionsub. t4430000 Curr.nt 2001
CLPO Cheny Grove 115kV Switching SttUon (1305) New power dilvry point Four braker 115kV ring bus to Integrli S641:r Currn

Ground end Axford Cubraton c

CLPO Hazl Oell 16kV Swltihng Subrston (#306) Now power deivery polnt Four brlerk 115V ring bu to Intrgrte Rose amndo cureT
Slackford substations

CLPO Lady 1. · Runyon 16 kV (1245) To erve blocatad toad Now 115 V Une Current 10 v
CLPO Rive R

l
d.. MewlnlSlJohns 1 5kV (#245) To Inclgrte genotion still under conatructlon Nw 11 SkV line (1.1 mn4) Current

EOP Dome lo Bellamy, AB (9134) ele
IPC Boise Bench Locust (32) To serve lonca lo bad growth Contruct Boile Sech-Locust 230 kV Line $10 000.000 Currni 2001

increae Brownlee Nerth Capacity.
IPC B = .an..e - d<ie Up=reda (S6357) 600 0Wnl Cu 'n 1004PC rownle-Boloe Upgrade (1357) Inreas Brownlee Easttransfer capcityy by Noew 230 kV BrownleePaddck T/L (30 mrles), $31 0,000 Current 2001ppeoxtmstely 300 MW upgorade Ontario-Caldwell to 230 kV. recoduclor

PeJdor-Ontarlo 230 kV TiL, nd rIes crnp p
Ontario Sub

IPC Locu31. Caldwell (l1101) r To Usere orecasted load growth Contrud Loal.-Ctldwell 230 kV Line $17,700,000 Current 2004
MPC Heleno Montana Reinforcemenl (1074) Provlde adequae tuppo for t the gowing oad hin Rconduto 100 0V HInu (2) bete n Helena end $.,0 Currnt 2003Ute Hlmen area. lr currant (rtamn. not able to O t Fl, Montana00

serve ll the loads under singl outage condhtion.
MPC SICver Bow Plant (81410)_ enerationP ct Curent 200

o PAC SoenLomond Capacitor Baenk ((1052) ' - Current 203
,,,, Cunrenl logom PAC K-FIlli GOnerlnon Project (01262) The 500 MW combine cycle Kamath Cogen Projet 00 MW ComblneCycle Gncretng Plant _Current 200117 Is oIated In southern Orgon. II ronlsst$ of two0 Slamana WetISm nghroue 5010D combuUion turtgnes

N each rated .l I16 MWr end one 160 MW AB single
1-, rehet leeam uirbine. Advanced combustionO technology la utllt
(. PAC Mlnet to Foot Crek (0117) PClCorp ownINp. Curr nt 1l99

PAC Pinto Capeditor aonk (104) 

Current
ON httD://www~~~~~~~wicf orw~~~~cizi~-binz~~w~ ~.ap,. Curanl t 90

h) :/www.wicf.or/cip 2/1 301
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PAC Spanih Fl Capacitor Bank (91055) Curt 99

POE -Bethel 115wSubtlUonl (3g04) _ Provide new 116.V bu1 Now 1 r5-kV bus
POE B«Uiol Bulk Po=r Tc n= 2aorfwi5~j (001 ------- * ------- *----_1.150.000 InSurvce 2000POE Bethel Bulk Power Transformner (0900) Add one 230/118 kV. 282 MVA tronsform er at $2,200,000 InServ1Ae 2000
PoE Selhdew Seet 18 bV llne (938) |Provide an eddidonal Intertonnection to P0E&' $500,000 InService 2000
POe blueLakne (Ig04 ) - --^1,1--3^ .Ln----3)SleAe

PGE blue Lake. Grealam 30-kyV tLIne (553) ___ _Construct 0.0 M of new 230kV ridnaIraslo.n 3 .395,000 Current 2009
between Blue Lake Subelabon agd Gresham

POE 1lue Lake Bulk Power Trannorfomr (#1 t) Intgate bulk power tr nsforn er. 20PCE Cnrv. -MtcLOeugln 230-kV Une (5852) $2InS rv4Ce 20000

POE Cwver SuO. Bulk power rantonoter ( ) _ IntW. new 20 MVA, 230/1 15V tIunsfm r $4,410 000 Current 2005PGE Hrtronon bulk power transnormr (50) Integrate anew 320 MVAL 230/1154V bulk power $5,340,000 Current 2010P.nsforn ner at Harboton iubrta1ionPOE M-kel Stlret Sub. Converon (0392) __Convert 57 kV sy2t1m to 15kV 2.240,000 bServoae 2000PGE MoCCin Sub. converion to lS 1V(644) - Convr ubto or 5l-tV to II k2
PGE MUrrayfll Bulk Power TrunfonittAr (b640) 

D_ 2 2 1 V tnr $441000 Current 2t01320 MVA, 230i((5-kV buu~omwr $0,000 IIin.rvlce 20001
POE Oxford Substation Coonversion to I n 5.*V ..64 410,000 Current 2t001PGE ou Saw 0 30.kV ine 155) ______________ _________ Convert substitOn from 7-V to I-K 1,127,000 nsIrve 20PCE peal. ESh twood #n2z 230-kr (#1 1) PGE & SPA p lan to (5541) E* 9 Pre- s t de-fn dobl e 12,220,000 Current 2004=Perating In parallel. This wWl requIre two new

C. coPGp l. -ted thrw wUI be two ---------

PGE Swood -Muryhlll 230kV Line (064) e1117.000 Cunt 2
,---- -----. ---------- -----_para llen l operIw -'m ^atof dbl^ cW. Into 3 1,.60,000 Current 2006POE Sherwood bulk power tu nanorn r (5 31) Install ae third 3 57-L 23011bu p wr 30V870,000 DeaY e 2013

etransformer at Shenwood SubtalunSe
PGCE SI. MryWscker 115 kV Llne (368) Reduc loadingon .exleng l.ne.. Constru new 1 kVlkn -1,160.000 lnS-rv -2000POE Sunselt *. Bank 15.kV Un (647) Conatruct a new I 15.0V line with tormntInon at s6.I 6,000 Csnca»ev 2004

Banks SubataUon via 128 MVA, ii 657-ky
_COOA fnk 3 / 16rom 27-W1 to 14 '.V 4,410,000 CUnrlen 200D

POE Swan leland Substat„on Conversion (9543) ___ _ ______________________ _____ Cconvertfror ns7.kylo 116-ky 51,134,000fCurrnt- 2003.

PGE WIlamette Vaey Voltage Convenlon (TS45) The converonofheh ubeon3 to -V Convort .e tubrtenue wn7-kV to 11tkI SI11 Cur1T400 20 00- _________________________ _will require a new 125 MVA, 115157-kV tRntfoorme r.* 67-kVto 16kV
P Intermounuln(lP) 230 V ProJect l131) Wanrn is djcenl 10 Vntage. The project Involves upgrtdIng exliUng ro- Current 2010

Cascades IP 11 kV line to 20 V oprton. 2 0PSE Jelre .on County 11 S kV uprde (#860) -The p o nvlvau ig oapiink InSrve l og
transmission to 11 kV. the proje wl rMeolve thSrvic
eting o

9
erlo the 115 19 kV bansoirmor sl

SPA Fal-mount eubatabon.PSE Jellenon County t1S kV upgnde P II (t1108B) hl pd phF ai t Jo un t220000 Cnant 200
County I18 IkV uprgde and A Involvee constlnictono sconvd t 1 5 kV l in btweo PA

F1lrmount
rOdve Pwt exliting lack of transnuison tbackup to-te 

Port Tow
m PSE Kit.ap County Reenforcamenl (.11) ThIs project will provide additional tlranil on h. proie conalalt of urnlng ,lttng 820 -000000oo Cunl 2001--§ ThPceretkps~t MOO".nk^^^ »~ssio paieitn20,000,000 Cue.n, 2000

Pj G ' M cCri~fi S~mm..,m faIt! 230-1 6 kVtranro rt. B(r44O)en
s .ubstation.0 ~ PSE Lakeslde . Centir 115 kV trananmiston (-79) The Projd nvos nsiucon t, Mlle Ot 11 2.250,000 Cunrent 2000kV branusaton between LakuLce end Cenl4 _E Novelty Substation dvlon * (S334_S_______t subtUtlons loelted In Bellevue VA

PSE Novelty Su^bttUon develorpnmnt (1334) InItiallyt Itl project Involvu looping exiing 115 kV Cunrent 2002

41 httP://www.wicf.org/cgi-bin/w2rSumi.asp 
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i'.r ." '' v.,: n) ica S Srm, the will ~:Kln9 -------------. _________________or»ed r - ' 2or a 2fSk. ,______,__ -,'.PSE South KingCounty Trenloe, 'Addition (130) Ths proactpmvrld additonal supporf to South Thi poe. conaists of rbu.lUng en eitllng 100,000 InSrv 1
S.se KW"n, To n.,<l^i,^7W ,.,3,) 1>z^y.".^^^.744~U~PPtO5.OSr$ 

1s 1-- 3,300000 InS.rvic 1e 9ng County area lced. MiriBssib n One between Talbol HII -Snrydele (a
MIle) tO 230 kV end Instahlling 230.1 15 kV
trinorm__er »el drli sOl D ,ubsttion.PSE WVal Kitlpp Trensmlne.n Proact (<79.) the -_ n will Invole consltcon o( 1 61230 kV-_ Current 2004line on a nw RAN beween GSverdale area end
Fo-e Comer In Kiteap County.|SCI !Oaet~l |clTrmnhto.,, (1370) -_ _____ Upr..d trefln^,'entomer atBo--------othae Sub. Current 2002

SCL sornell Trndonrn 
(1n oors at 11 Sub( 

370)C 

2 0 0 21

0
m
O

NJ

o/ 2/13
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A Comprehensive Multipollutant
Emission Control Strategy for

Power Generation

Background

* There is continuing interest in a
multipollutant strategy for control of air
pollution from power generation.

* Most proposals focus on a multipollutant
cap for old plants combined with increased
NSR flexibility for compliance.

* A workable plan-needs broader coverage,
better results and greater flexibility.

2
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The Clean Power Group

* Providing a voice for modem, efficient and
low emitting generation in the formulation
of new regulations for the power gen
industry.

* Current members:

* Enron * Calpine
* El Paso * NiSource

Trigen

Goals of a Mulitpollutant Proposal

* Drive down multipollutant emissions from
power generation overall.

* Reduce regulatory overhead for all parties.

* Minimize total control costs.

* Promote turnover to new, cleaner, more
efficient technologies.

'30
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Basic Principles

* We need a more flexible approach.
- NSR reform and trading

* All sources should be included.

* All sources should be treated the same.

Summary of Approach
* Each pollutant is subject to an individual

pollutant cap that declines continuously
over time (glideslope).
- NO,, SO2, mercury and CO2 if desired

* No BACT/LAER or major modification
review.

* Include all generators 1 MW or greater.
- Simplified monitoring for sources < 25 MW.
- Opt-in and aggregation for smaller generators.

4
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Example of Declining Cap on SO 2
12 . . .. . . . . . . . . . . . . .....

tlm0 . . . . . . .

- 7m 2W 200 10 M 0W O ro M l W 2t007 20 20o 2z1 11 ro 12 2"01 2M04 mI 9

Approach (Cont)

* Direct credit for end use efficiency projects.
* Allowance trading for flexibility and cost

reduction/equalization.

* Output-based allocation system to reward
efficiency (include CHP).

* Retain NSPS and local impacts review.

10
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Replacing BACT/LAER

* Ultimate goal of BACT/LAER is to reduce
overall emissions over time.

* BACT/LAER is a roundabout method.

* Under a cap, BACT/LAER provides no
environmental value since total emissions
will remain the same.

* Declining cap gets the same result directly
and more cost effectively.

.1

Cap and Trade

* Cap provides greater environmental
certainty than NSR.

* Provides greater flexibility and lower
-compliance cost

12

734
DOE002-0744



Historical Problems With Caps
* Difficult to find the right cap level.

* Cap incompatible with BACT/LAER
- Defeats the cap function of reducing costs.
- BACT/LAER have no environmental value

under a cap.

* Doesn't include/support new, efficient
generators.

* Allocation favors historic big polluters.

13

Addressing the Problems with Caps

* Continuous declining cap on each pollutant
provides continuing reductions and pressure
on technology.

+ Review of local impacts prevents hot spots.

* Frequent, output-based allocation to all
sources supports new, clean technologies.

14
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Continuous Declining Cap

* Each cap decreases by fixed percent each
year. Glide slope defined in advance.

* Decline for each pollutant stops if annual
average allowance cost exceeds
predetermined cost threshold ($/ton).

* Decline starts again when the annual
average cost is below threshold by 10
percent.

Is

Illustration of Declining Cap

_.Tonw_) a__ Ctcur _tol ..

ew da I"~u ]**366
tw o D 0 1 6
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Cost Circuit Breaker

* The cost measure is the previous year's
average allowance price for an individual
pollutant.

* Tightening of cap stops when the price
exceeds the circuit breaker level.

* Cap begins to tighten again when the price
is 10 percent below the circuit breaker
level.

17

Benefits of a Declining Cap
* Provides "meta-BACT" pollution reduction

and technology-forcing function for the entire
sector, not just new plants.

* Cost goaLis similar to BACT but provides
overall safety valve.

* Integrates market function into forcing
function.

* Simpler than existing process with more
certainty and flexibility for regulated entities.

18
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Other Sectors

* Non-power gen sources can create
allowances if they are:
- surplus

- measurable
- verifiable

- enforceable

23

Conclusions

* Multipollutant approach must include all
sources.

* An all source, multipollutant program can:
- Replace NSR
- Provide better environmental benefits
- Encourage new power development and

infrastructure improvement

* More power, faster, cleaner, cheaper.

22
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Addressing Today's Issues

* Expedite increased new generation with
environmental security.

* Provides an option to address CO2 without
link to Kyoto or economic risk.

* Reform NSR.

* Better than enforcement actions.

* Support new generating technologies,
renewables and conservation.

23
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To develop the database, staff first gathered information from various
sources on proposed generation and retirements within the WSCC. These
sources include discussions with staff at state regulatory agencies, visiting
regulatory agency Web sites, reading energy industry newsletters (Western
Energy Update. Power Markets Week, Energy Insight, and California
EnergyMarkets), visiting company Web sites and telephone calls to
project developers. Based on the information gathered, the projects were
assigned, by status, to one of the following five categories:

1. Under construction or recently completed
2. Regulatory approval received
3. Application under review
4. Starting application process
5. Press release only

Summary

The table below provides a summary of proposed generation facilities
within the WSCC region through the year 2007. The majority of the
announced projects are plans for building natural gas-fired, combined-
cycle plants. California and Arizona have the largest number of proposed
facilities, totaling 19.419 megawatts (MW) and 16,875 MW, respectively.
Please see the Energy Commission's siting/licensing cases page for
complete details on the power plants licensing process in California.

WSCC Proposed Generation (in MW)

Status NorthwetSoutest uth ty Califria- Tal
!____ !_____ Mountain Mexico

I . 1i 3,474 | 2,64 783 ; 5,090 11,611

-2 2,841 j 3,620 379L 2,020 8,860

I 3 4,509 1 6,775 422 ii 7884 i 19590

j 4 _. 1,477 3,640 ; 0 [ 2,300 7,417

5 [ 1,463 7,210 ' 2,660 3 3,82 15,145 . .

Total 13,764 23,509 I4,244 21,106 62,623

740
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By Location
| Faclity |Loca*tion County Sutatu On. O Technology lTyp Company SourceFldllry onetlwDate NW"I TcInoo UnIts C y'
CZ Phon2 Ardor -- LaPU 5 1S OalzCagmboned Ga- -- T a/gi5ny AlmBheny webeltr--

(Phase 1)Wool P,, A Muleop t / 10 1
20 Combine GB« APS/Celplna Upgnzo exlUng uniu |WEWPMWICEM

Weao Phoenlx Marlcopa 2 9/ 2 Combined .kPS/Calpna Welta(Phase 2)
Rdha1 Arizona Mai coop 2 111/03 530 Combined Gas APS/Rllanl Mrcha/Eat Groundbrasklng 12/100 PMWRsdhwk 2 ArIzon rkp 1 1/0J 30 SCombined OGas APS/Rollant M.erchnUt Groundbreaklng 12/19/00 PMWMosquite Power Aizon Maroopa 2 31/3 1000 Ga Smprn Energy Markopa County Web
Redhawk 3 Arizona Mdop00 2 61/06 530 Combined Gas APS Merchanl PMWRdhsw 4 Arzona Madcopa 2 1/07 530 Combind G APS Mechn PMW

inglon Valley Ariorla Murioopa 3 8/1/02 50m0 Gas PlDuke CEMG4s River Art ona Mubopa 3 12/1/02 2000 Combineod Ga Panda Energy ACC wll oonsider at Jun 27-28 mletlng AZ RepublicHsrquahola Alizona MrcoIpa 3 9/1/0 1040 Combined a PGeE NEG Mecnhant PMC

Geni erat 0ngA n Energy w mrcoWebSonl 01 Clpnn Conet
pKyne (asi Artzom Md 1 7/1/01 520 Combined Gas 32-1 Gr LLC PMWon
!n8 en(Pt hld 3 Arizona Mlh cv e 3 61/02 750 Cornbned Gae Power ea ACC Docketh Industrial Power AZ Republic
Santanetb Arizona Miopv 3 12/V0 2205 Comnbined Gas CEnlthnv CC Donet A OOOO m 00 70100 ACC bwll or

lWhlt Tank Arizonaed 7o1, w nncFoMountain Madcopa 4 1/1/07 1250 Pump Hydro Arizona Independent CEM

SoBlPoint Ari zona Mp ae I 8/1/1 500 Gas Caelpne Under Construction WEU
IGd Eneorg Arizon Mohave 0 520 ned Gas 2-2-1 Gf Energy (PPL & MUnder r CEnctiF l RWEU/EMrSProj ect Duke) P roup ph llmldonnen2003 P

Sandy (Phae IL

cdllly | ;

CIlthess Bg Arizona Mohasv.ove 3 /03 220 Combined GasCalthnee

C Enlgy C&Utomia ConO Coela ! 1 7/1I02 88IOomblnIdJGa» 3 3 1 ICalplne & Bech(el C EC Docket 98AFC 315# complelo ICEC Wetitl

CoandyCo»H CaXtomla Contr Coea 3 Y1/03 530Comblned Ga 2.2-1 Southem Energy EC Docket L00-AFC-1 CEC Webelte

C0 Potnro Ct o m b Coni Coo 3 9/1103 620 Conbu»>)nloa» 2 iSorthem Energy AFC expected 2000 CeC Webelle

O CElDesert Basin Arizona Pia 1 1 Soo GOeothal ReliaEnte Under Construcuon WEU/CEM

Generating
Sundanca Ariona Pinal 4 8// 600 PPL Global Merhnt Peeker

IS.loEnergye 1 b /
P 

49
bIGeeolhemcnl PlEn urCon UEPAon FClEneryl Re tPnrtec Power CArizona pm 11 /1/01 2000 Gl aSW Pow on Inlemup onI e phase ockalateAFCd CEC Weblln003

Los MPr dano Catola Cor Costa I
m 1 11101 5200Combined Gas z2-2a1 PGIE NE CEC Docket 0 9-AFC . 45% complete CEC Webaltl

Pl 312 522Cob1 POE Nburg) CEC Docketl8-AFC 0% comple CECW ll

CnElk Hlile Callomla Kem 2C 9/1/023 53OCombined Gs 2.2-1 SempranOXey CEC Docket 0 0-AFC-1 CEC b Sempa We

_ C http://www.energy.ca.gov/elctricity/wsc database location.html 2/13/01

La Psiome California Kern 1152/1/01 s2¶1Comblned Gaes 24-1:POE NEGlPh-se I CEC Docket # OO-AFC-4 CEC WeirlieL? La PuPota California Kon 1 32 1/02 S22}Combined Gas 2-2e 1 PGSE NEGC e% pete We0 0
Elk Hitte Cailoms Kern 2' 9/1/02 S ined 'Gas 2.2.1:Semnpra/OXY CEC Docket 0 99-AFC-C CEC & Sempra Webs



ly Location 
Page 2 ..

MPastsla Catfor unKe m 31 1/11031 750OCombined iGas 133-2,Southam Energy CEC Docketl 99-AFC.7 CEC We0b1tMdway-Sunse CalfOmia Kern 3 3/1/03 5000Combined Ges 2-.2.11ARCC Westem CEC Docket 99 AFC-9 CEC Webslte1(x30 Comblnjd ,G., ,EnergyAnrtelop Calforiria Kem 4 11041 10001CombIned S I Enron CEC Dockel 98-SIT-8; up to 1000MW CEC Webslteplunha Power 1 Cfomii Kern 5 81/03 240Cornbined [Ga | jEdlscn Inlerntllonal Convrt Sunris I to a 560MW Combined Edison Press ReleaseH ford Energy Caiforia King 203 1Comblned G. : Power Sys ld or small power planl exemption CEC Webslte
(Sun Azaleaw) Caliorna Lo Angeles 8/1/03 550 Combined Ges Sunlaw Cogen CEC Docket 00-AFC-3 CEC WebsiteRedoSu~~~~~~ nldo B~~~~~aw Partnerdd Bc California Lo Angele 5 1/1/03 700 Ga AES AFC expected 2000 CEC WeblteLong Bea Calioi Los Angeles 5 1//07 500 Enrn AFC xpected 2000 CEC Wble
VIauy CaliomIa Los Angelo. 5121/0 250 Combined Ge LADWP Upgrades to exilatin plant iLAWP Prels Rileise
HFy/es Califomla Los Agel 1 61/1/07 50 Combined Gaee LA2 WP Upgrades to extin plant LADWP Pr ReleaseM oountein Vle LosLe e A4geloe i 07 7X 11 17ad

S catte o C al difor ia Lo Ang3os 1 /1t/07 50 C om ine Gas L A WP Up gr edes to exswig plant ;LADW P Press Release
Uid teundoe CIalonm la Los Anglo 1 5 1/1/07 50C Ga INRG & Dynergy CECMol Land Calfom Montey 602 1 Combined Ga 2-2- 1 Due CEC Docke 99AFC-4 CEC WebsiteHuntln vwto CalifornIa Oran8ge ardino50Ga 3 6St/03 CECBeachmodm, GonCalfla Snor 3/1/01 450 Gas AES Expedited permittlng process requested CECSoutvhCll C o Sail' 4 /1/0 APlacer 4 111/ i o Gas E ro CECt R e 4/1/01 ernd d 75 Seawea.t Inc W2'sile 3/13/00 news
fPower Pailtner l Red 

CEC
BThe oer 3 /1/03 ned Gas 2-2-1 Sum Eny Group CEC Docket 99-AFC_- ICEC Webitetyn Caloml de 5211/03 600 Gas Cipin Located on Toffe Martinez DswCompany Webllel Calrna raento 1 /101 44 Gas Sacrmento Munp Und Co cton 20% compete CEC Web2lteRoIolud California Sacramento 1/1/07 500 Cobind Gas Florida Power IC

High Desert California Sn 2 1/1/03 720Combnd Ga. 3.3-3 Inland Group CEC Docket 2097-AFC.1 Cona et 4/01 CEC WebsileEnergy CenterC peMounonview Calfomla San Brnrdino 35/1/03 1066 Ga Th E1ctl CE Docket r 00-AiCm2 bCEd Webslle
oty mea Calforni San Diego 31/1/03 1i Combined Ga 222PG&ENEG CEC Docket9.AFC. ICEC Webtke

ay California Sn Lu 31/0 1200 Combined Ga 2-Z-1 Oukn CEC Docket D-AFC-12 (Raplaces CEC Websltl
Duklplne LactEOlTmr

Unted Golden CalifornIa Sa Mato 3 10 48Combuson G. El Paso Merchant CE Dockt 00-AFC-5 (4 month alIng) ICEC Weble
Gtei Peeking EEnergyI

South Cty California San Matao 4 411/04 0 jCornbined 
1Gaj AFC expected 2000 CEC Wb ,t.netf CorY la Santa Clara 3 3/1/03 600 Combined a 2-2-1 Calplne & Bechtel CEC Docket I 9.AFC.3 A CEC Webllte

OTayloCule a ada* I. /1 10 13ydro Hydro 1 Canadan Hydro/ Completd 4/27/00' 'WEU

Ce§o uley idg Calfnaa Sat I 81V'3 30Cm/110 Wnd 2-2-1 
.Canad&En 

Hydr o Compce 9-A, tejCEC Websit e

oSAlberta ^PWopaCreek Canada. i] ,/1/0a20Comlbined Gas i2.2.0 'Tran.Al| Complete. Cogenerallon ProlS/SuncorWeb.ltJfSrr Cafonad St! 9I/1/00 'IOCombined Gas -2.1 ATCO Comp EC PMW

Sht Cir) CnAlberlestai' I
Coe Energyo

Cogtp/lw fwon Albo R o l ectan c ; j12 jTrcnda bCasneodaaCorporale 
Websl e

4-
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Poplar Creek Cantda. i1 1/1/011 701Combined Ga3 10.0-2:TansAllo Cogeneratlon Projec/Suncor (Poplar Webslie
Ph 2 Alberta Creek)
Cavalier Canada. i j 9/1/01 10l Gas PanCaadlan www.rELaev.gov.ob.ca/olectrc/rgeneral Alberta Resource Dev

AJtbewls .
'IBeezc Canada. I 12/1/01o 1061 'Gas ! PncanedianiVCnOxy w .redSv.gov.eb.ca/Wlctrc/rgeneral Albert Resource 0v

Alberta II
Oldman CCanada . 16/1/02 25 Hydro Hydro I Aico Eneroen Alberta Resource

Rossdal Unit Canada- I 9/1/02 170 Cornbined OGas ;1 icor Vl us xlsing stam turbine EpcorWebaHt
II Repower Albertane Epcor Web1 0 ,

River Canada - 170 CogeneraloniGas 2 C PartMuskeg Rivr Canade I 112/1/021 170ACogabasllonGa 2-2- ATCO Parto( Ahbasa Oil Sands Project Alco WobsleAlbErta ,
Caraeland Canada. 3 11G ICorg obn Alratio I 3n11/1/01 80 Gas ! TnaCenada CorpoArae Webbt
Grande Prlrhl Canada. 3 3/1/02 20 WoodWalte Canadlan Gar & Eluc wwrendev.Oov.ab .ca/electrc/rgenernl Alberta Resource 0ev

Cold Lake Cnada 3 10/1/02 2201Cogenertnlon Ga lmperial OiV7 Alberta Resourc

Scodtord Canad. 3 1/1/03 150 Cogeneration Gas ATCO Alco Webalt
AbIUe ;A

Edmonlon Canada. 3 9/1/03 30 Cogenertion Gs Confldntlal www.rledv.gov.ab.cW/elctc/rganenrl Alberta Reource 0ev
Arerta I

CalgarY Enery Canada. 3 121/03 260 CombIned Gas ICalplne Name unknown * Plant Is near Calgary ;RlulerCentru Alberla
Ounvon Canada. 4 121/02 40 Hydra Hydro Canad.n Hydro iAlbrt Resourco

Alberta A
Syncurde. Ft Canda. 4 1/1107 238 Cogeneraon Gas jSyncrude Aurora wwwm.dev.gov.ab.ca/lectWc/rgenera l ber Resource 0ev
Mc4unry Allberta
Radwter Canada S 11/101 40 Gas iTransCanade Corporte WebslteCogIand Con Abnada Ws
Cotenedan alanld 1 0/1/00 250 Combned Gas aeltCOet nrg Under Construction 'Weblit
CogenratDon Bridsh

Columbia
Stav FaU Canada 12/1100 90y Hyd o 9 H 0 MW plant nets 38. Complete Weblta

Columbia
Pot Albeml Canada 2 1/1/07 240 Combined Gas ATCO elayed Indef WEU

Columbia
Plngalon Canada 2 1/1/07 25Hyd Hydra dr Canadian Hydro Joint with reat LaKas Power Canedian Hydro Webilte

Co)umble
Mler Creek Ca^nad. 3 4/1/03 25 Hydro Hydr Miller Creek Power RFP for BC Hydro BC Hydro Webalte

nthti s Ltd
Columbia

Lytton Canadal 3 1/1/0T 25 WoodWasle Lyttcn power Inc RFP for BC Hydro BC Hydro Webslte

Columbia
sAhlu Canada 5 1/1/0 25 HydrHydr ydroCa ydr Canadian Hyd Can an ydr Wbsllte

British
ColumbIa

0 Manmquam Cnrdsh. 53 1/1/07 2 dr Hydro ICenadlin Hydro iCanadien Hydro Webotle0 218deh

rN Valmont Colorad Boulder 1 1/00 37 G C Black Hll Comp WEU
0 Arapahoe Colorado Chyenne ; i 6/1/00 74 Gas 2 iBlack Hills Complete WEU

Ray0. Nixon Colonrdo El Paso 3112/1/02 400 Combined Ga !CoastaCSU Turbie purchsed Webclte
Co (Phase 2)

Manchlf Colorado Morgan 5/1/00 265)i G, iFullon/Coaital complete EIA
Fot SI. Vrln Colorado Weld 1 6/1/01 235, 1 GsO l.1OIPSC CO Expand exlting plant PSC IRP 1999
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(PhaMe 3) Colorado Weld 1 61/01 235 Gas I-1.0 PSC CO Expand eKilting pltnt PSC IRP 1999(Phase ,) 5/1/01 Gas 1.1.0
Front Range (F Colorado |Weld 2i 5/1/1O 16iCombined CO rst wthu P t) WEUnW 2i Ca Kl rPower Jnl with Qulxx (Peeker Unit) .WEU
G et Energy Idaho 4 7/1104 250lComblned ,Gas 1 'Wet Proposed to meet RFP rom Idaho Power .www.aweit.oproecs.htmFaclity 4~71104
RCs Nlhum Idah lolensl 

; I 9/1/01 2701 I AvI t w/Cogantrix . under construcltion WEURam Prit oVMexico 1 J1100 100 Gootheal Geothermal; Mltublshl Under Construction CFECeurto Preto Y1Baja
California I

Piresdent' Mexico 1 1 5101 540 Combined iGea !AIlsrom Power UndrConstructUon CFE

iLa Rosia MeIfo.12 /bCLaReO« I Mexico · 2 4/1/03 750 Combined Gas lnlergen 34% avalable (or sale In US nCorp Press Rel

Ensenada MexIco. 5111/0 40 2 Expanalon of exllsng plant ISn le1.o Union
California

Mexical Mexlco.5 111/07 257 G ES Announced 3/2OO Ene0/00iegy Inlght
ICi fomrnay

Caron Couny Montana on 5 12/1/03 2000 cool CmpoSv t l Tranissmlon to Wiaconsin iWEU/PMWall Montana Glacier 3 10/1/01 22 Wind 'Sedwest Webtlle
Siackftl Montana Glaier 5 1/1/02 160 Gas Adalr Merchant PMW
Silicon Montana Slvr Bow 5 9/1/03 500 Comblned Ga pBBI Powr
EnrByDPrdoct Nev 1 5/1/00 492 Combined GaJ Sompra/Rallant Compr /Mrclhant Plnt246mw lo iWebslte
Nextio N II ada 4 1/11/02 30 Ga Next Gneration Wi ad 90 MW later ICEM
NvadaPGren Nevada 5 12/102 150 Renew Compoite Up to 1000 MW.Wlnd/Solar/Geo iWEU

t Industral Nevada i 31103 1000 Combined Ga ISouthern Enirg iWaebltaEl Dorado II N a 103 40 Combned SemprRallant ICEM
RellOnPnnacl Nevada 1/1/07 1400 iR Rlan/PInnaclo Announced 3t4/00 ReliantWebelityJDA (1) !' 3/1/04 1000 blned GasPOSENEiPMA Online

MoSpa Palu Nevada Cl rk 4 1I/017 ' 760 Comblnd Gas Calp;e IEPA Pedernl ReglaterGenerating;

Arrow Canyon Nevado Clark 5 /1/03 Soo Gas Relant Rlllant wbat*iCriln Nelvd ko lS 1/107 500 O G Coatal Power Beng considered IWEU
Washol Energy Nevada Wsho 5 121/03 600CombIned G Duke Energy NA ICEM 7/28/00FMwdoo2 I e
CoblPerson Now EemaUlo 1 7/1100 132 Combutlon Gas 1 DeIlta Power Complete WEU/CEM

Demng NU Lexkno .3 12/1V/02 550 Gas uke Energy Luna iNM PRC Utillly Olvilon
ILLCBeln Nw co Vlencla 3 1//04 140 Gas Cool0 Merchant ww.cobsI corm/pro|ects.hnm

m ny lb Orlgo n o
e 1 7/1100 85Cogen ratlonloas willlamtle Complele EIA

- KmthFl e gon 1 i
K

ba
t h

1 
1 7/

1
0 1 o

C
O Co m b

tned Oas PcilnCop Under Constructlon www.kfmalhcolen.com/

m Cogenertlon e

ICoyole Springs Oregon Morrow 21 d1/02 201Combined yGa iAVlsla OrDgon Reg
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Oregon Morrow 2 6/1102 280 Combined Gas A.,lla Oregon Reg
HerIaIsIoI 

Oregon Urnegil 
8Hermniton Oregon Umatilla I dl1102 546 Combined Gas Cialpine Purchasd from Ida Corp & Trans Alta jofgon Reg

Pt L, Or oon Umatila 3 1V211/01 gWind / Wind :FPL Energy Full applicaton xpectad by Aug 2000 !Oregon RegState Line 12/1/0( jwlnd LE ?Io~l En Oregon RU aSUatiUlt Oregonrl UatiUl3 111103 550 iGas PGtE Nall Energy ^Adjcent to exlitng Hemmlston planl Oregon RegPrte Lne Washington 4 12/1/01 99Wind iWind i FPL Energy S. Oregon Sttelne project IPMW 8/26/00
Me Rnch Washington enton 1 4 1/1 50 Combined Gas !coentrx hp:/ .ec.wgov/Deful

project I
SGolduckndsle Washington Koluctbt 3 1/1/03 240 CombIned Gas Eneg

t301dend K:l ' 6
1/ 1

/0 | 24 t no r;b
i GLd 01 1 1 jNatr. 0Energy Syo OregonlanChealnUon Wahingoton LEwes 21211/02 460 Combined Gas 12.22 Trlacebsl WA Stale Web

RonalPower Washington LIncoln 2 1/1/07 838 Combned Gas 4-4.2 Northwest Power Enl Reg approval 9 . WA Webll

Frederalbon Washington Peo 1 6/1/02 248 Ga Frederickaon Power Joint venture EPCOR and Weolcoasl PMA
(~~Teanaska) 

ene
Wallulo Washington Was Wale 3 1/1/05 1300 Gas Newport Generation
u 2 Washi n Whtcom 312/1/03 660 Combed Gas 2.2.2 Nalonl Energy Applcation No 99-1 WEU/StatReg
1illette Upgrade Wyoming Campbell 1 6/1/01 40 Gals back Hills Complete Corp Webile/EIAWygen I Wyoming Campbell 1 1/1/03 80 Coal Black HUl Under Conatrion Corp Weblte AFoote Crk Wyoming Carbon I 10/1/00 25 Wnd nd Seawel, Inc 25 MW to PSC CO- Pro)ject Complete SeawedtWeb21eWind III l ltnd ln 

2.Foot ek Wyoming Carbon | 1 1/100 17 Wind Wind 28 Isawest, Inc Complete W AEU/Sewet weblWind IV omine Gel
,lTptegonRdo WYon Icaton _11121/Oa 1C I H nd oWlnd h

Mov Enervg Incloht

0
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2001 Summer Peak Demand/Resource ForecastCalifornia ISO Control Area (MW)

Temperature Conditions 
1 i 2 1 n5 In 102001 Forecasted Peak Demand 47,266 48,845 50,0682001 Forecasted Peak + 5% Operating Reserve 49.476 51,056 52,278

2001 Forecasted Peak 7% Operating Reserve 50,303 51,882 53,104

2001 Peak Resources
5 Existing Generation 45,025§ Firm New Additions 1,849
5 Allowance for Outages (2,500§ Calif,omia-Controlled

Out-of-State-Resources 
2,0465 Firm Imports 4§ Firm Exports 4,054§ Market Exports (725)

5 Excess Capacity FromLADWP Control Area 
1,222 8985 Curtailable Load 2150222 898

Total Resources 
52,579 52,255 52,189

Total Potential New Additions 1,888 - 3,087

0j Total Emergency ResourceS 1,815-2,190
o
o

cI:'rrcaled hy C:EC ElKciricity Arimlysis rffice, I 1/2(/00

_ 

.

00



Potential New Additions
Huntington Beach 3 -4 (return to service) 440ISO CT RFB Projects 

198 - 397
State of CA., Dept of General ServicesDistributed Generation - New EnergyEfficiency ProgramsU.C. Irvine CogeneraUon 2 050
Imports: POWEREX (BC Hydro) 1,000 -2,000
Total Potential New Additions 1,888 - 3,08

Emergency Resources
SMUD Cycling ProgramVoluntary Load Curtailment 100

Califomia Grocers (Tested August 2000) 100State of California (Tested August.2000) 180Federal Govt., Cities & Counties,
and Addtl, Grocers 120Maximum output from existing generationEmergency Assistance BPA (Per BPA) 30 - 00Emergency Assistance WAPA (Per WAPA) 325 - 600Total Emergency Resources 

1,815 - 2,190

0
0
ho

N.)

Prepared hy C-^ EI:eItriciry --Analysis orn~, I
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Backup for ISO Summer 2001 Load-Resource Balance Table

ISO Control Area Load Forecast Summer 2001
With Peak Demand Adjustments*

1 in 2 Year 1 In 5 Year 1 in 10 Year
(CEC Draft Forecast 10/16/2000) 47,486 49,065 50288

Peak Demand Reduction Programs
CPUC Pubic Goods Charge Programs (67)

CEC AB 970 (Dependable Savings) (153)
Adjusted ISO Control Area Load 47.266 48,845 50068

'Loads include all municipal utilities exccpt LADWP, City of Glendale, City of Burbank, and
Imperial Irrigation District. Summer 2000 adjusted peak was 45.494 (August 16, 2000).

Calculation of O rating Reserves
Existing Generation 45,025

CA Controlled Out-of-State Resources 2,046
New Additions 1,849

Albwance for Outages (2500
Available Generation 46,420

Operating Reserve 5% of Aval Gen. 2,210
Operating Reserve 7% of Avail. Gen. 3.037

Total Load + 5% Reserve 49,476 51.056 52.27
Total Load + 7% Reserve 50,303 51,882 53,104

California Controlled Out-of-State Resources
Palo Verde -

CA Utility Ownership Shares
SCE 597

Pasadena 10
Riverside 12

SCE.Othe 7
Vemon 11

Yuma Cogen 53
Four Comers 4- 5 71

Total 1,400

Hoover
CA Utility Entitlements

Anaheim 40
Azusa 4

Banning 2
Colton 3

Metro Water Distr 248
Pasadena 20
Riverside 29

SCE 278
Vemon 22

Total 646
Total 2,046

Prepared by CEC Electricit Analysis Office, 11/20/00
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Firm New Additions
(Summer Ratings)

Los Medanos (7/1/01) 467
Sutter (8/01/00) 467

Sunrise CT (8/01101) 285
Procter & Gamble CT - SMUD (6/01/01) 44

United Golden Gate CT (8/01/01) 45
Vineyard CT 47

Pleasanton CT 45
East Uvermore CT 48

Chula Vista CT 37
Escondido CT 37

Incremental output from Exsting Qualifying Facilities 80
Renewable Energy Projects (Existing CEC Program) 96

New Energy Renewable Projects (AB 970 Funding) 152
Total Firm New Additions 1.849

Firm Imports
Muni Owned Generation

San Juan 3 - 4 273
Reid Gardner 4 180

Intmnnountaln 1 - 2 414
Parker - Metro Water District 51

Total 918

Northwest Contracts
BPA to CA Munis 230

BPA toSCE 500
Longview Fiber to Wstn Mld-Pac. 43

Deseret G&T To CA Munis 92
Idaho Power to CA Munis 14

Boardman to TID 51
PNW Generating Co. to TID 52

PaciiCorp to Redding 50
PacifiCorp to SMUD 100

PaciCorp NW to SCE 100
PacifiCorp Utah to SCE 100

PaificCorp NW to Wstm MId-Pac 250
PacifcCrp NW to CDWR 200

Portland Gen. Elec. to SCE 300
Portland Gen. Elec. to SDG&E 75

Portland Gen. Elec. To Wstn Mid-Pac 65
Puget Sound P&L to PG&E 300
Seattle City Ught to NCPA 60
Seattle City Light to PG&E 10

Snohmish t SMUD 42
Tacoma PUL to Wsmn Mid-Pac. 41

Wash. Water & Power to TOD 18
Wash. Water & Power to PG&E 225

LADWP lo CDWR 77
LADWP toTID 51

Total 3.136

Total Firm Imports 4.054

Prepared by CEC Elecricity Analysis Office, 1 1/2n O
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Firm Exports
(Existing Contracts and Non-ISO Ownership Sbares of Mohave)*
Mohave to LADWP (Based on Summer Dep. Cap. Of 1387 MW) (277)

Mohave to Nevada Power (194)
Mohave to Salt River Project (139)

SCE to Arizona Public Service (5)
SCE to Tucson Electric Power 110)

Total Firm Exports (725)
*ISO treats Mohavc as a resource within their contol arca.

Derivation of Market Export Estimate
Net Imports On Stage II Days in 2000 at Hour of Peak Demand

Includes Out-of-Market Calls)
Day ISO Load Net Imports

1-Aug 43,503 4,311
2-Aug 42,879 4,900
3-Aug 43,018 5,224

16-Aug 43.784 4.666
17-Aug 43,360 5,190
25-Aug 40,246 3.600

13-Sep 40,559 5,166
14-Sep 40,926 5.600

Ave. of Stage II days in August 2000 (A) 4,832

Ca. Controlled Imports 2,046
Firm Imports 4,054
Firm Exports (725

Net Firm Imports (B) 5.374

Estimate of Market Exports (B - A) 542

Prepared by CEC Electricity Analysis Office, 11/20/00
Page 5
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