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EXECUTIVE SUMMARY

The objective and purpose of the research project is to develop improved methodologies
for projecting water demands by the steam electric generation water use sector for a 50
year planning horizon, as well as actual projections for this sector on a regional and
county specific basis throughout the state of Texas.  Such projections and methodologies
will be utilized by the Texas Water Development Board (TWDB) and the Regional Water
Planning Groups (RWPGs) for state and regional water planning purposes.

This research was conducted pursuant to a contract executed by and between the TWDB
and a research project team comprised of representatives of major investor-owned
electric generating utilities in Texas.  The actual contracting entity for the project team
and project team leader was the Austin-based law firm of Lloyd, Gosselink, Blevins,
Rochelle, Baldwin & Townsend, P.C.  Lloyd, Gosselink is a leading environmental
services law firm with a proven track record of success on water-related project
leadership. The other project team members included representatives of the three largest
generators of electricity in the state of Texas: American Electric Power, TXU Energy,
and Reliant Energy.

The project team was uniquely qualified to undertake research for the development of
electric generation water demand projection methodologies, as team members were
selected on the basis of their training, institutional knowledge, and understanding of long-
term trends in electric generation in Texas, trends in generation technologies, and related
water usage.  Members of the project team have already been intricately involved in the
regional water planning process as members of various RWPGs, and as alternates,
technical support, and liaisons to other RWPGs.  In those capacities, they have also
already been involved in the calculation of demand projections for the steam electric
sector utilized in the first regional water planning cycle (post-Senate Bill 1 of 1997,
which created the RWPG process).

This paper describes various types of current electric generation technologies, such as gas
turbines, steam turbines, and others, and the water-utilizing processes within each
technology. Estimates of the varying amounts of water consumed by each generation
technology in the production of electricity are also provided. The paper then evaluates the
various cooling technologies, such as once-through cooling and cooling towers, in
combination with the above generation technologies and derives estimations of the
amount of water that each of them consumptively use per unit of electricity generated.
These consumption factors allow an accurate determination of the total annual water
consumption at a particular facility based upon its reported actual generation, once its
generation and cooling technologies have been identified.

The project team first developed a methodology and specific water demand projections
for the power generation on a statewide basis.  The statewide approach was deemed to be
more reliable than any localized approach for two primary reasons: (1) the availability of
statewide electric generation data projections; and (2) the fact that, because of electric
transmission technologies and other regulatory constraints unrelated to water, the location
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of the generation facility (and, thus the location of the steam-electric water demand) is
not necessarily related to the location of the demand for the electricity.

In order to develop statewide water demand projections for power generation, it was first
necessary to develop projections for statewide electric demands, assuming once again
that generation to meet those demands would occur in Texas.  The project team
developed two different methodologies for projecting statewide electric demand: (1)
derivation of an electric demand growth factor from the electric demand projections
developed by the Public Utility Commission of Texas (PUCT), and extrapolation of the
factor across the 50-year planning horizon; and (2) derivation of a per capita electric use
factor from existing population and total electric use data from the past two decades, and
utilization of that per capita factor with the TWDB population projections to project total
electric use through the year 2060.  The two methodologies proved to yield significantly
similar results, although the first methodology and its projections were selected as the
most reliable and were used for the remainder of the research effort.

Utilizing those statewide electric demand projections and the consumptive water use
factors associated with the various types of generation and cooling technologies, water
use demand projections were developed using low-, medium-, and high-use scenarios
through the year 2060. Each scenario was defined according to a combination of various
assumptions related to the continuation or retirement of existing facilities and the
percentage of future statewide electric generation that would be met by various
generation and cooling technologies. The medium-use scenario was selected as the most
probable predictor of future statewide water demand for power generation.

To determine the water demand for electric power generation on a county and regional
basis, the statewide water demand projections derived under the medium use-scenario
were utilized in combination with an exhaustive assimilation of actual fuel-type and
cooling technology generation data for 214 electric utility and independent power
producer plants in Texas, with 79 of those plants being placed in service, constructed or
announced since 2000.  The methodology utilized does not lend itself to summary
explanation, although a few general descriptions of it may be proffered for summary
purposes.

The water demand for each electric generating plant in Texas was estimated as a
percentage of the statewide demand. For the baseline year 2000, the water demand for
each plant was calculated by taking the actual generation by fuel type and applying the
water use factor for the generating units at that plant for each fuel type.

Once the baseline year 2000 water demand was determined for each generation unit,
water demand projections for the years 2010 though 2060 were also calculated on a unit-
by-unit basis.   Because of the availability of specific electric generation projection data
by fuel type from other governmental agencies for the period of 2001 through 2020 and
the lack of such data thereafter, these unit-specific water demand projections were
derived by one methodology for the years 2010 and 2020 and a separate methodology for
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years 2030 through 2060.  The methodologies utilized are discussed in greater detail in
Section VI with illustrative examples provided.

For the years 2010 and 2020, the estimated water demand for coal-fired, nuclear, and
conventional natural gas units was based on the 2000 water demand and was adjusted by
a correction factor based upon a linear trending of the unit based upon its fuel type and
projections of generation based on fuel types.  Projections for natural gas fired combined
cycle generation were also derived by taking the difference in the statewide totals and the
trended totals from the conventional generation types, which was then apportioned to
individual combined cycle plants.

For the decades 2030 through 2060 the water demand for each plant was projected to
increase at the same rate throughout the state regardless of fuel type and generation type.

In order to calculate the county water demand projection for a given year, simply sum the
total of all the individual plant projections located in that county for the same year.
Similarly, to determine the water demand projection within a RWPG in a given year, sum
the county totals for all of the counties included within the water planning region.

Other than the specific decadal water demand projections and methodologies, other
results of the research may be of particular interest to the water resource planner.  For
example, while the research clearly indicates that the statewide electric demand is
projected to increase by two percent annually for a total increase of 234 percent in 2060
over the year 2000 electric generation demand, the corresponding water demand would
increase by only 162 percent over the same planning horizon due to the utilization of
more efficient generation technologies. Also of interest is that the statewide water
demand projections developed indicate that all surpluses of water currently held for steam
electric generation will be exhausted by 2037.

With the number of indeterminable variables associated with the development of
statewide steam-electric water demand projections on a 50-year planning horizon, no
methodology can be developed that will result in a perfect, predictive tool.  The lack of a
necessary correlation between the location of the water demand and the location of the
demand for the electricity generated with that water, which is particularly acute in the
steam-electric sector, renders attempts to localize or regionalize such demand projections
even less reliable.  Nonetheless, the research, methodologies, and projections developed
and presented in this report represent the most comprehensive effort to date to establish
such generalized methodologies and to assimilate such information for the steam-electric
sector in Texas.

Respectfully submitted,

Brian L. Sledge W. Greg Carter
Lloyd, Gosselink, Blevins, Rochelle, American Electric Power
Baldwin & Townsend, P.C.
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SECTION I: TYPES OF ELECTRIC POWER GENERATION PLANTS
AND THEIR WATER NEEDS

A. Introduction

There are a number of technologies employed throughout the state of Texas to generate
electricity.  The various processes associated with these generation technologies
consumptively use varying amounts of water, with water that is utilized in the cooling
process consuming the largest percentage of that water.  Because the amount of cooling
necessary for the power generation facility is largely dependent on the type of device
used to power the electric generator and because additional amounts of water for
purposes other than cooling are consumed in some generation processes, a basic
understanding of these generation technologies and their water-consuming processes is
integral to this research and is set forth below.

B. Types of Power Plants

Steam Turbines
Many of the electric generation facilities in Texas use steam turbines as the prime mover
to drive the electric generators.  Boilers, which are fueled by natural gas, fuel oil, coal, or
in some cases, nuclear reactors, produce the steam for the turbines.  Steam turbines are
commonly used because they are efficient, reliable, and available in the large sizes
necessary for powering large electric generators.  Steam turbines and boilers are also used
because the working fluid is water, which is relatively easy to purify and relatively
abundant.  Due to the need to condense the steam, the cooling requirements of steam
turbines can be greater than those of other types of power systems.  A basic process
diagram of a power plant utilizing a steam turbine is set forth in Figure 1-1.
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Figure 1-1 Steam-Electric Power Plant

Gas Turbines
Other generation facilities use gas turbines as the prime mover to drive the electric
generators.  Gas turbines are large aircraft derived jet engines and are usually fueled by
natural gas.  Gas turbines have relatively small cooling systems when compared to steam
turbines.  Many gas turbines use water or steam injection to control emissions of nitrogen
oxides.  The water or steam is injected into the combustion area of the turbine to drop the
flame bundle temperature and reduce the amount of nitrogen oxide (NOx) produced.  The
water or steam injected must be very pure with minimal amounts of contamination.

Combined Cycle
Many of the newer generation facilities in Texas are a combination of gas turbine and
steam turbine generation called “combined cycle” power plants.  In this type of power
plant, one or more gas turbines exhaust hot gases from the gas turbine through a heat
recovery steam generator that uses the waste heat to generate steam.  The steam is then
used to power a steam turbine.  Each gas turbine drives an electric generator and the
steam turbine also drives an electric generator.  Combined cycle power plants are more
efficient than either gas turbine or steam turbine generators operated independently.

Nuclear
Nuclear-fueled power plants are very similar to natural gas, oil, or coal fired steam
turbine power plants.  A nuclear-fueled power plant uses a nuclear reactor to generate
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steam to power a steam turbine.  The steam turbine, as well as the rest of the power plant,
is very similar in design to a gas or coal-fired steam electric power plant.  A diagram of a
typical nuclear-fueled plant configuration is set forth under Figure 1-2.

Figure 1-2 Nuclear-Fueled Power Plant

Hydroelectric
Some of the electric generation in Texas is produced through hydroelectric facilities. As
shown in Figure 1-3, these facilities produce power when water is released from a
reservoir and the water passes through a water turbine, which in turn drives an electric
generator.  In most cases in Texas, the release of water from a reservoir through a water-
powered turbine occurs only when the release from the reservoir is required by
downstream use or for flood control measures. In this case, the power generation is
secondary to another need for the release. In addition, there are also several small run-of-
the-river hydroelectric facilities throughout the state.  These facilities do not rely on the
release of water from a reservoir, but instead utilize the force of a river current to drive
the water-powered turbine.
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Figure 1-3 Hydroelectric Power Plant

Alternate Technology
Some generation facilities use little or no water to generate power.  Wind turbine (see
Figure 1-4) and solar panel power generation are two types of electric generation with
little water demand.  However, this type of power generation is currently only a very
small percentage of the power produced in Texas. Internal combustion engines powered
by diesel fuel generally use small amounts of cooling water because of their smaller sizes
and alternate cooling mechanisms.  Finally, fuel cells have the potential to generate
electric power with very little consumption of water if they can be produced and
maintained in an economically viable manner.

 Figure 1-4 Wind Turbine Farm
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C. Steam Electric Plant Water Needs

Boiler Turbine Cycle
The use of water for the dissipation of heat is a necessary part of the thermodynamic
cycle of all modern steam electric power plants.  Its value for this purpose lies in its high
specific heat, its general abundance and its ability to consume heat in the evaporation
process.

In the modern steam electric power plant, whether nuclear or fossil fueled, steam from
the boiler flows through the turbine giving up energy to the turbine rotor and cooling in
the process.  At the exhaust of the turbine, the steam must be condensed and returned to
the boiler.  This is accomplished in the condenser using cooling water and in the process
the cooling water temperature is increased.  Although some water is also used in other
processes in the power plant, particularly for boiler make-up, the quantities are
insignificant when compared with that consumed for condensing the used steam.  The
increase in the temperature of the cooling water flowing through the condenser depends
upon the design of the condenser, but it is usually between 15 and 25 degrees F.

For a given rate of heat removal, the temperature rise in the cooling water is inversely
proportional to the amount of water pumped through the condenser.  The size of the
condenser and the amount of water circulated can vary substantially.  The design values
are selected on the basis of a complex economic analysis which takes into account factors
such as the cost of fuel, the cost of money, expected operating schedules, water
temperature, meteorological data and site conditions, all being part of the optimization
process in plant design which will result in a plant with the lowest production cost.  The
range in water flow rates for modern plants is between 20 and 60 gallons per kilowatt
hour (kWh) generated, the lower rate being associated with very efficient plants and the
higher rate being that of the larger commercial nuclear plants now in operation.1

Power plant efficiencies are expressed in terms of the plant heat rate, which is the British
Thermal Units (BTU) required to generate each net kWh at the terminals of the plant
generator.  A “perfect” plant would have a heat rate of 3413 BTU/kWh, meaning that all
of the heat energy that went into the system was converted into electrical energy.  The
most efficient technology available today can achieve a heat rate of approximately 6500
BTU/kWh, which is equivalent to an efficiency of about 53 %.  There are many older
plants with much higher heat rates, but the national average heat rate is about 10,300
BTU/kWh.2 Most of the inefficiencies that occur in the generation of electricity come
from the need to dissipate heat in the cooling process. In fossil-fueled plants, between
10% and 15% of the heat entering with the fuel is lost in the boiler, while the remainder
is lost in the cooling process. In nuclear plants, which do not lose heat through
combustion emissions, cycle cooling accounts for almost the entire loss.  In the “average”

                                                
1 Water and Sustainability (Volume 3): U.S. Water Consumption for Power Production –The Next Half
Century, Electric Power Research Institute, Palo Alto, CA: 2002 at pages 3-1 to 3-2.  Also Figures 2-1, 2-2,
and 2-3 were utilized from the EPRI report.
2 Information provided by the National Electric Reliability Council.
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United States electric generating plant, possibly 8800 BTU of the 10,300 BTU/kWh
entering in the fuel would reach the turbine. Of this, 3413 BTU leaves as electricity and
the balance, about 5400 BTU, is removed in the condenser.  If this were a nuclear plant,
the heat removed in the condenser would be about 7000 BTU/kWh.  This is indeed
typical of “first–generation” nuclear plants.  In the latest, most efficient supercritical
fossil-fueled units, on the other hand, the heat removal in the condenser may be as low as
3600 BTU/kWh.  Thus the range of heat removal rates in the condensers of large modern
plants is between about 4000 and 7000 BTU/kWh generated. 3

The heat added to the water as it flows through the condenser must be allowed to
dissipate externally from the system in some way.  The process of “once-through
cooling” occurs where cooling water is pumped from a water body through a condenser
and subsequently returned to a receiving body. Where the cooling water is returned to a
natural watercourse, reservoir, bay, or other water body, this dissipation of heat is
accomplished by evaporation, radiation, conduction, convection, and advection.4  If the
heat is dissipated in a wet-type cooling tower, it is almost entirely by the evaporation of
water.  In a dry-type cooling tower, the heat dissipation is almost entirely by conduction
and convection.5

It is advisable to make a distinction between the terms “consumption” and “use” as
applied to water.  As noted, the removal of heat in the condenser requires the circulation
of large quantities of water, but except for its increase in temperature this water is
unchanged in quality and is therefore still useable for other purposes.  If the heat that is
added, however, is dissipated partly by evaporation, the evaporated water cannot be
reused and must be considered as having been consumed.

An alternative to using once-through cooling systems or cooling towers is use of a
radiator system.  This closed-loop system works in the same way that a radiator cools an
automotive engine.  Airflow through the radiator cools the water inside the radiator
system.  The cooled water flows back through the plant systems and collects heat from
those systems.  The warm water returns to the radiator and is cooled by airflow again.
Although the radiator system is very conservative of water, it is not nearly as efficient at
heat removal as a once-through or cooling tower system.  This loss of efficiency results in
a reduction in the amount of electric power available from a plant cooled by radiators and
also reduces the thermal efficiency of the plant.  However, the water demand of the plant
is reduced to 10% of the cooling water requirement of a wet cooling tower.  Water use is
not totally eliminated, but it is greatly reduced.

                                                
3 See generally Drew, H.R., A Projection of Per Capita Water Use for Electric Power Generation in Texas,
prepared for the Texas Water Commission, May 15, 1965.
4 See Harbeck, Koberg, and Hughes, The Effect of the Addition of Heat From A Power Plant On The
Thermal Structure And Evaporation of Lake Colorado City, Texas, Geological Survey Paper 272-B, U.S.
Department of the Interior, 1959, at page 25.
5 See description of wet-type and dry-type cooling towers in Section II, infra.
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Pollution Control Systems – Sulfur Oxide (SOx Systems)
Coal-fired power plants are required to use various pollution control systems to improve
the quality of boiler emissions to the atmosphere.  One pollution control strategy requires
control of sulfur oxide (SOx) emissions.  Sulfur oxides are removed from coal-fired
boiler gases by passing the gases through a spray of limestone slurry.  The gases react
with the limestone and the chemical and physical reaction removes SOx from the gas
stream.  Much of the moisture in the slurry is evaporated and carried out of the boiler
stack by the gas stream.  This results in a consumption of water.

The U.S. Department of Energy has estimated6 the amount of water used by a 500
megawatt (MW) coal-fired boiler burning bituminous coal with a sulfur content of about
2% for three types of scrubber systems7. In a magnesium lime-based process, a total of
about 666 gallons per minute (gpm) of water leaves the system.  Most of this (587 gpm)
is evaporation to the flue gas.  If the process is limestone-inhibited oxidation, the
evaporation to the flue gas is also 587 gpm.  If the process is limestone forced-oxidation,
the evaporation to the flue gas is 668 gpm. Measurement data at several coal-fueled
generating plants has yielded a water use factor of 1 gallon per minute per megawatt of
generation for SOx pollution control systems.  For example a 500 MW unit would
evaporate 500 gpm when scrubbing at full load.  This equates to 0.06 gallons/kWh.

Pollution Control Systems – Nitrogen Oxide (NOx Systems)
Nitrogen oxide (NOx) control for fossil-fueled boilers is accomplished with a variety of
methods applied to the furnace area of the boiler.  Most of these methods do not use
water, but instead use air and gas circulation to accomplish NOx reduction.

As NOx emission limits are pushed ever lower, new technology for NOx reduction has
evolved.  One of the newer methods being used is selective catalytic reduction (SCR).
This method of NOx reduction involves injection of either urea or ammonia into the
exhaust from a gas turbine or boiler to activate a catalytic process.  The water
consumption rate for SCR technology that utilizes a urea conversion system and sparge
steam is 0.0121 gallons/kWh.  It should be noted that this is only one type of system and
the water consumption rates for other types of systems may be different. Technology
exists that uses a specific burner design to limit nitrogen oxides (NOx) without the use of
water or steam injection.  This is termed dry NOx combustion.  The water consumption
for this type of technology is essentially zero.  There may be some water use associated
with equipment cooling, but it is minimal.

Particulate Control Systems – Coal Ash
Particulate control at a coal-fired plant is concerned with fly ash, economizer ash, and
bottom ash products.  Several power stations handle fly ash and economizer ash in a dry

                                                
6 U.S. Department of Energy, Pittsburgh Energy Technology Center entitled Electric Utility Engineer’s
FGD Manual; prepared by Radian International LLC; Grant No. DE-FG22-94PC94256; May 1996.
7 Ibid. at Table 3-1 (“Typical Terms in a Lime/ Limestone Flue Gas Desulferization (FGD) Process Water
Balance); page I.3-35.
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form and no water loss is associated with these systems.  Bottom ash is normally handled
in a slurry, which results in some water use.  Water use for a 600 MW coal-fired unit is
estimated to be approximately 2,500 acre-feet per year.8  This equates to approximately
0.155 gallons per kWh.

Particulate control at gas or oil-fueled generating plants is very minimal, and no
appreciable water use is associated with particulate control at these plants. Minimal
amounts of water are used at coal-fired power stations for dust suppression at their coal
stock pile.

Solid Waste Disposal Systems
In addition to ash by-products, the only other appreciable solid waste that occurs at some
coal-fired generation facilities is flue gas desulfurization (FGD) solids.  Normally, this
material is placed in landfills or ponds, which are capped after they are full.  The water
loss associated with these ponds can be estimated by referencing the Texas Water
Development Board (TWDB) evaporation/precipitation data for Texas.

Solid waste disposal at gas and oil-fired power stations is minimal and associated water
loss is negligible.

Other Electric Generation Water Usage
Generation facilities utilize minimal amounts of water for a variety of other purposes.
For example, some amounts of water may be consumed in the process of purifying the
water needed for boiler-makeup.  Facilities also use minimal amounts of water for
potable purposes, which is often supplied through contract with municipalities and other
water suppliers, or by a private water well.  For purposes of this research and the
determination of steam-electric water demands, consideration of this usage will be
omitted.

D. Gas Turbine Electric Plant Water Needs

Nitrogen Oxide (NOx) Control Systems
Gas turbine driven electric generators are limited by State and Federal law to specific
levels of nitrogen oxide emissions to the atmosphere.  NOx can be controlled in several
ways.  Injecting water or steam into the combustion area of the gas turbine can control
NOx emissions.  The water or steam reduces the maximum combustion temperature of
the fuel and air mixture and thereby reduces the emission rate of NOx.  The water or
steam used for injection must be of extremely pure quality, which requires rather
elaborate purification equipment.  The water consumption rates for NOx control systems
on gas turbines have been measured in the range of 0.05 to 0.07 gallons of water
consumed per kilowatt-hour of electric power produced.9  For a 172 MW gas turbine, this
equates to a water consumption rate of approximately 10,837 gallons per hour or 0.063
gallons per kWh produced.
                                                
8 Internal estimates of electric generating utilities on project team.
9 Ibid.
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Cooling Systems
Gas turbine powered generating systems require water for equipment cooling, but
because there is no need to condense large amounts of steam, the cooling systems are
much smaller than those found in steam electric generating plants.  The most common
method of cooling the equipment is a cooling tower, and occasionally a reservoir. Water
use associated with this process is relatively small.
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SECTION II: ESTIMATING ELECTRIC POWER GENERATION
WATER USE

A. Estimation of Water Used by Cooling Systems

Reservoir Use For Cooling
A pioneering study by G. Earl Harbeck at Lake Hefner, Oklahoma City, Oklahoma,
utilizing energy budget and mass transfer analyses, demonstrated that the increase in
evaporation from the lake was directly proportional to the amount of heat added to the
lake by the power plant adjacent to it.  The study indicated that the heat added to the lake
was dissipated in the following manner:

1% by advection out of the body of water;
15% by long wave radiation emitted by the body of water;
54% by evaporation;
28% by conduction from the body of water as sensible heat; and
2% by energy advected by the evaporated water.10

                                                
10 See Harbeck, G. Earl, Jr., The Use of Reservoirs and Lakes for the Dissipation of Heat, Geological
Survey Circular 282, U.S. Department of the Interior, 1953, at page 5.
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For Lake Colorado City, Texas, Harbeck estimates that 58 % of total heat added is
dissipated by evaporation, 25 % was conducted to the air above the reservoir, 3 % was
carried away by the evaporated water, and 14 % was radiated to the atmosphere.11

Dissipation of heat added to the reservoir varies with meteorological conditions,
particularly wind speed, air temperature, and humidity. Therefore, while the results may
be generally applied at other locations, the exact results of studies such as the one
conducted at Lake Colorado City should be strictly applied only to the location where the
research was conducted. However, a third Harbeck study permits an estimation of the
increase in evaporation that would occur in other locations by making adjustments based
upon the air temperature and wind speed measured at the nearest weather station.12

The following table was prepared using the foregoing study to illustrate the percentage of
heat used in evaporation at different locations throughout the United States.

TABLE 2-1 VARIOUS CITIES - EVAPORATION RATES

City

Phoenix, Arizona
Sacramento, Calif.
Denver, Colorado
Atlanta, Georgia
Chicago, Illinois
Topeka, Kansas
Syracuse, New York
Portland, Oregon
San Antonio, Texas
Washington, D.C.

*corrected to 2 meter speed

Mean
Temperature

(°F)

69.0
60.4
49.5
61.4
50.8
54.9
48.0
52.9
68.7
57.0

Mean Wind
Speed*
(mph)

3.3
6.2
6.7
6.6
7.3
7.9
7.0
5.4
6.4
6.8

Percent of heat added
that is utilized to

increase evaporation

46
49
42
50
43
49
42
44
55
48

Avg. =     46.8

If 47 % of the heat added to a reservoir is dissipated by evaporation and assuming
evaporation takes place at the rate of 1061 BTU per pound of water (the enthalpy of
water at a saturation temperature of 57°F), the amount of water evaporated will be
approximately 50 gallons per million BTU of heat added to the lake.

                                                
11 See FN 4, supra, at page 26.
12 Harbeck, G.E. Jr., Estimating Forced Evaporation from Cooling Ponds, Journal of the Power Division,
Proceedings of the American Society of Civil Engineers, Vol. 90 No. PO 3, October 1964; also see
generally FN4, supra.
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The dissipation of heat from a lake is entirely a surface phenomenon. Therefore, the
amount of surface area available is a critical factor in the use of lakes for cooling.  A
general rule used by electric generating utilities is that about one acre of lake surface area
is required for each megawatt of generating capacity using the lake for cooling.

There is little information available as to the amount of water consumed due to heat that
is added to flowing rivers.  Although heat dissipation from a river involves some
phenomena that are different from those which occur in ponds and reservoirs, this paper
will assume that the percentage of heat added to a river, that is dissipated through
evaporation, is the same as that for a reservoir. Although this assumption may have a
probability of error, it should be adequate for the purpose of this paper until better
research on heat dissipation in rivers becomes available.

Wet-Type Cooling Tower Use For Cooling
Wet-type cooling towers dissipate approximately 90 % of their heat load by evaporation.
In addition, systems using wet-type cooling towers require an additional continuous
replacement of water in order to prevent excess build-up of dissolved solids in the
circulating water system due to the loss of water by evaporation. The water that is
discharged from the system in this process is termed “blowdown.” The amount of this
blowdown varies, depending upon the salt content of the makeup water and the
permissible concentration (from considerations of corrosion and scaling) in the
circulating water system.  For the generalized case, the total water consumption in the
tower is equal to En/(n-1) where n is the ratio of the concentration of the water
maintained in the cooling tower system to the concentration of the makeup water and E is
the amount of water evaporated by the tower.  A concentration ratio of 5, which is typical
among generating facilities, results in a total water requirement approximately 25%
greater than that needed to replace the evaporation loss alone.
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Assuming that the typical cooling tower dissipates heat at the rate of 1061 BTU per
pound of water evaporated, that 10% of the heat is dissipated by non-evaporative
processes, and that makeup is 1.25 times the amount evaporated, the net amount of water
required for the typical wet-type cooling tower is approximately 140 gallons per million
BTU of heat dissipated.

Dry-Type Cooling Tower (Radiator) Use For Cooling
Dry-type cooling towers are very expensive and infrequently used, though they are
becoming more common in desert climates where water supplies are severely
constrained.  Because the heat is dissipated directly to air by conduction and convection
rather than by evaporation as in a wet-type cooling tower, much more air must be moved
through the dry-type tower and the available heat transfer surface must be very great.
Both of these factors greatly increase the power requirements of these towers, because of
the power needs of the fans utilized to move air across the cooling coils.  In addition, the
minimum cooling temperatures achievable in dry-type towers are limited by the dry-bulb
(rather than the wet-bulb) air temperature, which results in higher turbine exhaust
temperatures.  In the warmer parts of the country this places a severe penalty upon the
efficiency and capability of the power plant.  Because of their substantially greater energy
and capital cost, it is unlikely that dry-type towers will be used to any great extent in this
country in the near future.  Hence, they are not considered as a factor in determining the
water use estimates in this paper.
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B. Determination of Estimating Factors for Total Electric Generation Water Use

The estimated water use for various type of electric generation is listed in Table 2-2.  A
discussion of the various types follows and the sources and derivations of these water use
factors is set forth under this section.

TABLE 2-2 SUMMARY OF WATER USE BY GENERATION TYPE

Type of Generation Gallons of water evaporated / kWh
Steam Turbine 0.2 – 0.98 Range
Gas Turbine 0.05
Combined Cycle 0.23
Coal Fueled 0.35
Nuclear 0.4 – 0.72 Range
Gasified Fluidized Bed 0.51

Steam Turbine Electric Generating Plants
As has been shown earlier in this report, the bulk of the water consumed by a fossil-
fueled electric generating plant is that which is utilized for plant cooling and pollution
control.  Most other uses are considered to be minimal and can, for planning purposes, be
disregarded.  Since cooling water need is directly related to plant operation (i.e. that plant
does not consume water when it is not operating) water consumption can be estimated
when the following factors are known:

•  Type of electric generating plant (steam turbine, gas turbine, etc.)
•  Fuel type (natural gas, coal, nuclear)
•  Type of cooling system used (once-through, cooling tower, radiator)
•  Electric production of the plant (how much power will be produced)

By combining the foregoing estimates of water consumption rates with the ranges in heat
rejection and circulating water flow, ranges of water consumption by type of generating
facility can be estimated as follows:

(1) For smaller, less efficient fossil-fueled plants and for currently operating
nuclear units, the amount of heat rejected can be as high as 7000 BTU/kWh
generated and the amount of water required to be circulated through the
condenser for the removal of heat is about 50 gallons/kWh generated.  The
amount of water actually consumed is about 0.41 gallons /kWh in plants
located on lakes or rivers and 0.98 gallons/kWh in plants using wet-type
cooling towers.

(2) Large, modern, highly efficient plants will typically reject heat at rates as low
as 4000 BTU/kWh generated and will require the circulation of about 30
gallons/kWh generated.  The actual water consumed will be as low as 0.20
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gallons/kWh in plants located on lakes or rivers and 0.56 gallons/kWh in
plants using wet-type cooling towers.

(3) Most plants operate between the above ranges.  The “average” fossil-fueled
unit would reject heat at a rate of 5300 BTU/kWh generated and would
consume between 0.27 (lake or river) and 0.75 (wet-type tower) gallons/kWh.
For purposes of this study, it is assumed that the “average” power plant using
once-through cooling will consume water at the rate of 0.35 gallons/kWh and
the “average” power plant using a wet-type cooling tower will consume water
at the rate of 0.60 gallons/kWh.13

Gas Turbine Electric Generating Plants
A natural gas-fueled gas turbine will use much less water for cooling than a natural gas-
fueled steam turbine system.  The water use factor for a gas turbine with wet NOx control
is approximately 0.05 gallons of water evaporated/kWh of electricity produced.  The
water use factor for a gas turbine with dry type NOx control is negligible.

Combined Cycle Electric Generating Plants
Modern combined cycle electric generating plants generally have two units of gas turbine
generation for each unit of steam turbine generation and use natural gas as a fuel.  For
example, a 300MW capacity combined cycle generating plant will have 200 MW of gas
turbine capacity and 100 MW of steam turbine capacity.  The gas turbines will consume
about the same amount of water that a gas turbine would consume when operating alone
or not in combined cycle.  The steam turbine will consume about as much water as it
would consume when operating alone.  But the two systems operating in combined cycle
will exhibit a lower water consumption rate than if the total capacity was produced by a
steam turbine alone.  For example, a 300 MW combined cycle power station using a
surface reservoir (once-through) for cooling will have a water consumption factor as
follows:

(200,000 kWh)(.05 gal/kWh) + (100,000 kWh)(0.35 gal/kWh) = (300,000 kWh) (x)

x = 0.15 gallons/kWh

If the 300 MW combined cycle power station uses a cooling tower for cooling, the water
consumption factor is calculated as follows:

(200,000 kWh)(.05 gal/kWh) + (100,000 kWh)(0.60 gal/kWh) = (300,000 kWh) (x)

                                                
13 As noted earlier in the report, approximately 60 percent of the heat rejected to a reservoir being used as a
source of once-through cooling for a power plant will be dissipated by evaporation of water from the
surface of the reservoir.  At standard atmospheric conditions, it takes approximately 970 BTUs to evaporate
one pound of water. Therefore, in order to determine the amount of water evaporated, the amount of heat
rejected to the reservoir as measured in BTUs should be multiplied by 60 percent and the product divided
by 970 to determine the pounds of water that were caused to be evaporated by the addition of heat to the
reservoir.  The pounds of water can be converted to gallons by dividing pounds by 8.32 (i.e. the number of
pounds in a gallon of water at standard atmospheric conditions).
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x = 0.23 gallons/kWh

Coal-Fueled Electric Generating Plants
Because of the various pollution control devices used in a coal-fueled generating plant,
the water use factor is higher.  From water use measurements for various coal-fueled
electric generating plants, the following water use factors are recommended:

•  A coal-fueled plant cooled by a cooling tower -- 0.60 gallons of water consumed
for each kWh of electric power produced.

•  A coal-fueled plant cooled by once-through circulation from a surface reservoir --
0.35 gallons of water consumed for each kWh of power produced.

Nuclear-Fueled Electric Generating Plants
From water use measurements taken at nuclear-fueled electric generation facilities cooled
by once-through circulation within a closed pond system, water use can be estimated as
0.58 gallons per kWh.  The Electric Power Research Institute (EPRI)14 derived the water
consumption estimates for nuclear-fueled electric generation facilities shown below in
Table 2-3.

TABLE 2-3 NUCLEAR PLANT WATER CONSUMPTION

Plant and Cooling System Type Typical Water Consumption (gal/kWh)
Nuclear steam, once-through cooling ~0.400
Nuclear steam, pond cooling 0.400 – 0.720
Nuclear steam, cooling towers 0.720

Gasified Fluidized Bed Generating Plants
Gasified fluidized bed generating units are still a relatively new technology.  The number
of generating units of this type in Texas is nominal.  Because of the potential of this
technology to minimize the emission of air pollutants from coal fuels, it may be utilized
more in the future.  The Electric Power Research Institute estimates15 that the water
consumed by a coal/petroleum residuum-fueled combined-cycle generating plant utilizing
cooling towers is approximately 0.51 gallons/kWh.

                                                
14 See FN 1, supra, at page viii.
15 See FN 1, supra, at page 3-7
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SECTION III: STATEWIDE ELECTRIC GENERATION PROJECTIONS

Introduction
This section of the study attempts to establish statewide electric generation projections
for Texas on a decadal basis that corresponds with the 50-year planning horizon to be
utilized by the regional water planning groups during the next 5-year planning cycle (i.e.
through 2060).  These electric generation projections will be calculated utilizing two
different methodologies, so that the results of each methodology can be compared for
verification and calibration purposes.  A final methodology will then be recommended.

Generally, the two methodologies used are as follows:

1. Derivation of a per capita electric use factor from existing population and total
electric use data from the past two decades, and utilization of that per capita factor
with the TWDB population projections to project total electric use throughout the
50-year planning horizon; and

2. Derivation of an electric demand growth factor from the electric demand
projections developed by the Public Utility Commission of Texas (PUCT), and
extrapolation of the factor across the 50-year planning horizon.

Once the total electric demand has been estimated for a given year, then the amount of
statewide water consumption by electric generation facilities for that year can be
estimated.

Derivation of Electric Demand Growth Rate Using PUCT Generation Projections

Table 3-1 presents data obtained from the PUCT that predicts annual statewide electric
generation for the years 2000 through 2009.16  The table indicates a leveling of the
electric generation growth rate at approximately 2% annually.  This is a decline of
approximately 1% from the electric growth rate experienced in the years 1994 through
1999.

                                                
16 See “2000 Annual Update of Generating Electric Utility Data,” Public Utility Commission of Texas,
2001.
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TABLE 3-1 PROJECTED GROWTH OF TOTAL ELECTRIC DEMAND FOR TEXAS

Year Total Generation (GWh) Growth Rate (GWh)
2000 337,582 0.7
2001 340,142 0.8
2002 350,129 2.9
2003 357,471 2.1
2004 366,511 2.5
2005 373,979 2.0
2006 383,482 2.5
2007 391,612 2.1
2008 401,228 2.4
2009 410,415 2.2

Decade Averages 22.45% increase
(2000 – 2009)

2.0%

Derivation of Per Capita Electric Demand and Per Capita Demand Growth Rate
Table 3-2 presents statewide population estimates for the years 1981 through 199917 and
statewide generation estimates from the PUCT for those same years.18  The fourth
column in the table presents the per capita power consumption for each person in the
State, which is calculated by dividing statewide electric generation by the statewide
population.  The result is calculated in average kilowatt-hours used by each person each
year and utilized to determine the average statewide per capita growth rate for electric
generation demand.

                                                
17 Population information provided by U.S. Census Bureau (years 1981-1993) and Texas State Data Center
(1994-1999).
18 See FN 16, supra.
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TABLE 3-2 DERIVATION OF PER CAPITA ELECTRICITY DEMAND GROWTH
RATE FACTOR

Year State Population State Electric
Generation (GWh)

Per Capita
Electric Use

(kWh/yr)

Per Capita
Electric
Demand

Growth Rate

1981 14,746,318 194,685 13,202 -------
1982 15,331,415 195,753 12,768 -3.40%
1983 15,751,676 194,926 12,375 -3.18%
1984 16,007,086 206,410 12,895 4.03%
1985 16,272,734 208,953 12,841 -0.42%
1986 16,561,113 205,525 12,410 -3.47%
1987 16,621,791 207,698 12,496 0.68%
1988 16,667,022 217,553 13,053 4.27%
1989 16,806,735 221,624 13,187 1.01%
1990 16,986,510 227,387 13,386 1.49%
1991 17,339,904 228,699 13,189 -1.49%
1992 17,650,479 230,659 13,068 -0.93%
1993 17,996,764 240,288 13,352 2.12%
1994 18,378,185 283,679 15,436 *See FN 19
1995 18,723,991 293,307 15,665 1.46%
1996 19,128,261 309,637 16,187 3.23%
1997 19,439,337 319,639 16,443 1.55%
1998 19,759,614 337,363 17,073 3.69%
1999 20,044,141 335,159 16,721 -2.11%

Average ------- ------- ------- 0.50%

The average per capita use for electric generation in Texas for the years 1981 through
1999 indicated an average statewide per capita electric generation demand growth rate of
0.5%.19

                                                
19 When calculating the growth rate utilizing the data set forth from years 1981 to 1999 in Table 3-2 above,
the project team discarded the jump in growth between years 1993 and 1994 as an inaccurate anomaly
based upon a change in reporting requirements that led to the generation of the data used between those two
years.  The information on total electric generation for years 1981 through 1993 were taken from “1996
Statewide Electrical Energy Plan, ” Public Utility Commission of Texas, 1996.  The information on total
electric generation from years 1994 through 1999 were taken from “2000 Annual Update of Generating
Electric Utility Data,” FN 16, supra.  A review of the data set forth under Table 3-2 indicate that the per
capita electric demand growth rate during the 1993-1994 transition between the two sources of data set
forth in this footnote is an anomaly resulting from the utilization of the two sources of information rather
than an actual, reliable data point.
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Comparison of Total Statewide Electric Demand Projections Using PUCT Growth
Rate Factor Versus Using Per Capita Electric Demand Growth Rate and TWDB
Population Projections

In an attempt to verify the accuracy of the 2% growth rate for total statewide electric
demand obtained from the PUCT (see Table 3-1), future electric demand was calculated
by extrapolating the 0.5% per capita growth rate into the future and multiplying the
product by the TWDB’s population projections over the 50-year planning horizon to
obtain annual generation on a decadal basis.  Column A of the following table presents
the results of this calculation as compared to the PUCT projections, which are presented
in Column B through the year 2060.

TABLE 3-3 COMPARISON OF TOTAL STATEWIDE ELECTRIC GENERATION
DEMAND PROJECTIONS

Year Column A
Annual generation

assuming 0.5% increase in
per capita electric demand

and TWDB population
estimates

Column B
Annual generation

assuming 2.0% increase in
annual generation from

PUCT

2010 438,829 418,623
2020 538,019 510,299
2030 641,308 622,052
2040 750,832 758,278
2050 877,157 924,337
2060 1,021,679 1,126,761

The previous table shows remarkably similar results using both test methods for
estimating statewide electric generation.  There is only a 10 % difference in the 2060
generation estimate.  It should also be noted that the United States Department of Energy
(USDOE)20 projected a 1.8% annual generation increase for the Electric Reliability
Council of Texas (ERCOT) planning region (a large percentage of the State) for the next
twenty years, which would yield a statewide generation estimate in general agreement
with the other two estimates, considering that portions of the state are not included in the
USDOE projections.

Recommendation of Methodologies for Projecting Statewide and Per Capita
Electric Demands
Given the results of the test calculations under Table 3-3, the project team recommends
the following assumptions and methodologies be used for purposes of this study:

1. Future statewide electric demand for the years 2000 through 2009 is assumed to
be the same as the PUCT estimates.  Electric demand in the year 2010 should be

                                                
20 See “2002 Annual Energy Outlook,” United States Department of Energy, Energy Information
Administration, December 21, 2001.
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assumed to be the 2009 PUCT number of 410,415 GWh increased by 2%
(418,623 GWh).  Statewide electric demand in future years should escalate the
year 2010 demand by 2% per year, utilizing the 2% average annual electric
demand growth rate derived under Table 3-1.

2. Utilize the TWDB population projections from the last approved State Water Plan
when projecting population for a given year.

3. Per capita electric use for a given year should be calculated by dividing statewide
electric demand for that year (utilizing the 2% extrapolation as set forth under
Assumption 1) by the TWDB state population projection, rather than
extrapolating the per capita electric demand growth rate derived under Table 3-2.

Statewide Electric Generation Demand Projections

Utilizing the methodology set forth above, projected statewide electric generation
demand for the years 2000 through 2060 is presented on a decadal basis in the following
table, while the projections for each year during that planning horizon are set forth
individually in Appendix B1 of this study.

TABLE 3-4 ANNUAL ELECTIC DEMAND PROJECTIONS

Year Annual Electric Demand (GWh)
2010 418,623
2020 510,299
2030 622,052
2040 758,278
2050 924,337
2060 1,126,761

Electric generation demand varies by regions for a number of different reasons.  For
example, significant manufacturing demand is not found in some regions and heavily
concentrated in other regions.  The areas that do not have the manufacturing electric
demand still use the manufactured products and contribute to the demand, even though
the demand is only realized in other regions.  After an extensive search of various
databases, it appears that there are no databases that predict electric demand on a county
basis.  Further, there do not appear to be any generally acceptable predictive tools that
would allow a certain per capita electric demand to be applied to individuals that live in
rural areas as compared to those who live in metropolitan areas.  For those reasons, the
project team chose to project electric demand on a statewide annual generation basis,
assume that all generation to meet that electric demand would occur within the state of
Texas, develop a methodology to determine the amount of water required on a statewide
basis to meet that demand, and then develop a methodology to attempt to allocate that
water demand by regional water planning group region and by county.



22

The types of electric generation facility predicted to supply the generation requirement
for each county and each region is addressed in Section V of this study.  Section V
presents three planning scenarios for estimating statewide generation facility
requirements.
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SECTION IV: WATER SOURCES CURRENTLY IN USE

The objective of Section IV of this study is to identify water sources that are currently
being used by power generation facilities in Texas.  The electric generation facilities
located in Texas as of the year 2002 have been identified and listed in a spreadsheet
entitled “Electric Utility and Independent Power Producer Generating Units in Texas.
This spreadsheet is included in Appendix A of this study.  Within the spreadsheet, the
project team assigned an “estimated water use factor” measured in gallons of water
consumed per kilowatt-hour of energy produced to each listed unit using the project
team’s industry knowledge.  The water use factor selection was based on the use factors
presented in Section II of this study.  The spreadsheet has a column entitled “Annual
Capability at 100% Load Factor”.  This column indicates the yearly net electric power as
measured in MWh that could be produced by each unit if the unit were operated at peak
capability for an entire year.  Another spreadsheet in Appendix A3 entitled “Future Water
Demand for Steam Electric Generation in Texas by Plant or Unit” indicates the water that
would be consumed by the unit if operated at peak capability for a year.

An estimate of the surplus water supplies available at each of the generation facilities
currently identified was produced by examining the water plans developed by each
Regional Water Planning Group.  Each RWPG identified the electric generation water
demand of electric generation facilities on a regional and county basis.  The year 2000
electric generation water demand was compared to the water demand through the 2060
planning period.  All claimed electric generation water demand in excess of the year 2000
claims was determined to be “surplus” water supply in that the claimed water must have
been based on an underutilized water contract or on an identified future need that was
location specific and based on presumed availability.  The spreadsheet can be further
used to estimate a current statewide water consumption factor for electric generation.
That factor was calculated and used in Section V of this study.

The data presented in the spreadsheet in Appendix A3 entitled “Future Water Demand for
Steam Electric Generation in Texas by Plant or Unit” was obtained from several sources
including the USDOE’s Energy Information Administration (EIA) and the 2002 State
Water Plan.

A list of all cogeneration power generation facilities in Texas was compiled from various
sources and is presented in Appendix A4 as “Cogeneration Facilities in Texas”.
Although the water use associated with cogeneration facilities was not considered in this
report, many newer cogeneration plants have been built with a significant excess over the
industrial plant demand with the excess being sold into the electrical grid.
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SECTION V: ESTIMATES OF FUTURE WATER USE AND
STATEWIDE STEAM ELECTRIC WATER DEMAND PROJECTIONS

The objective of Section V is to estimate the future water use by the electric power
generation sector utilizing “high use,” “medium use,” and “low use” scenarios.

There are a variety of factors that will affect the water requirements for electric power
generation in the future, as has been pointed out in Section II of this report.  If the current
trend of using natural gas as a fuel for efficient combined cycle power plants continues,
water consumption will be less than would be experienced if future generation is fueled
by coal.  Coal is not a fuel that is currently compatible with use of gas turbines unless the
coal is processed into a low particulate gaseous fuel and that is currently very expensive.
The price of various types of fuel (natural gas, coal, etc.) is a major factor in determining
which generation technology will be utilized.  The initiation of a State or Federal energy
policy will affect the fuel choices and resultant water consumption.  A State or Federal
requirement to utilize wet-type cooling towers for electric generation would have the
effect of greatly increasing future water use.

For example, in April 2002, the USEPA published newly proposed regulations under
Section 316B of the Clean Water Act covering the entrapment and entrainment of aquatic
organisms at power plants.  If the proposed regulation is promulgated as published in
draft form, future power plants would probably be required to install cooling towers
rather than once-through cooling systems.

In Section III of this study, it was estimated that the demand for electric power will
increase from 337,582 GWh in 2000 to 1,126,761 GWh in 2060.  This is an increase of
3.34 times year 2000 electric demand (or a 234% increase).   If the future water use rate
by electric generation stays the same as the current rate, the need for water by electric
generation will increase by the same 234% by the year 2060.  However, there are
technologies that can reduce the water consumption of electric generation.  Use of some
of these technologies will have the effect of increasing the cost of electric power because
of capital requirements of water efficient generation, the loss of thermal efficiency,
and/or the loss of generation capacity caused by in-plant energy uses necessitated by the
water efficient equipment.

In order to establish some parameters that can be used to estimate the water needed for
power generation through the year 2060, it was decided to establish three scenarios of
water use by electric generation.  These scenarios are a “high use” scenario, “medium
use” scenario, and a “low use” scenario.  All three are discussed in detail below.

TABLE 5-1 ESTIMATED INCREASE IN WATER USE BY 2060

Scenarios Increase Multiplier over Year 2000
High Use 3.34
*Medium Use *2.62
Low Use 1.40
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                 *Recommended: Medium Use
High Use Scenario
Except for the Panhandle, Gulf Coast, and Far West regions of Texas, most of the current
electric generation in the State uses once-through cooling from reservoirs for large central
station generation. Historically, much of the electric power generated in Texas was
generated with natural gas as a fuel.  Changes in the Federal laws regarding fuel use,
which resulted from the oil embargo of 1973, forced a change in fuel use for electric
generation from natural gas to either coal or nuclear fuels.  Political sentiment has
currently removed the nuclear choice from the list of acceptable fuels for future power
generation facilities.  Natural gas has been returned to the list of fuel options for electric
generation by changes in the Powerplant and Industrial Fuel Use Act of 1978.  However,
the use of natural gas as a fuel is still constrained by the Federal requirement that all gas-
fired generation facilities be capable of switching to coal or another alternate fuel on the
call to do so by the Federal government.  So all current gas-fired generation must be
“coal convertible”.  (See Powerplant and Industrial Fuel Use Act, U. S. Code; Title 42;
Chapter 92; Subchapter II; Part A; Section 8311 (a)).

A review of Sections I and II of this report shows the water consumption rates inherent in
fuel and generation technology selections.  Fuel options currently available are oil,
natural gas, coal, lignite, and some renewable resources such as wind, solar, and
hydroelectric power.  For large power producers, the fuel selection is generally limited to
natural gas, coal, and lignite.  Given the fuel and generation technology options currently
available, a “high use” scenario was predicated on future generation being fueled by
natural gas, oil, coal, or lignite and the generation being cooled by cooling towers. From
the estimating factors outlined in Section II of this report, future generation will consume
water at the rate of 0.60 gallons per kilowatt-hour.

Calculation of statewide water consumption by electric generation under a “high use”
scenario rests on the following presumptions:

1. Electricity demand will increase by a factor of 3.34 (or 234%) from 2000 to
2060.  2000 generation = X and 2060 generation = 3.34 X (From Section IV);
2. Current generation uses water at a rate of 0.60 gallons/kWh;
3. Future generation will be steam electric powered by fossil-fueled boilers;
4. New generation will be cooled by cooling towers and will consume water at a
rate of 0.60 gallons per kWh; and
5. Current generation will continue to operate through 2060.

The factor for estimating 2060 water use as compared to 2000 water use under the “high
use” scenario is calculated as follows:

2000 generation = X
2060 generation = 3.34X

water use rate for 2000 generation = 0.60 gallons per kilowatt-hour (gal/kWh)
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water use rate for 2060 generation = (X)(0.60 gal/kWh) + (X)(2.34)(0.60)gal/kWh)

2000 generation water use = (X) (0.60 gallons per kilowatt-hour)

2060 generation water use = (2.34)(X) (0.60 gal/kWh) +
                                                          (1.00)(X) (0.60 gal/kWh)

2060 generation water use = 1.404 X + 0.60 X = 2.004X

2060 water use divided by 2000 water use = 2.004X / 0.60 X = 3.34

Thus for the high use scenario, water use by electric generation in Texas will increase by
a factor of 3.34 times current use by the year 2060 (representing a 234% increase).

Medium Use Scenario
The “medium use scenario” presumes that half of the future generation will be fueled by
coal and cooled by cooling towers and half will be combined cycle generation fueled by
natural gas and cooled by cooling towers.  This scenario assumes that none of the current
existing generation will be retired or replaced.

As stipulated in the “high use” scenario, 2000 water use is presently at a consumption
rate of 0.60 gallons per kWh.  From Section II of this report, the water use rate for coal-
fired generation cooled by cooling towers is 0.60 gal/kWh.  The water use rate for
combined cycle generation fueled by natural gas and cooled by cooling towers is 0.23
gal/kWh.  Using those presumptions, the 2060 water use under a medium use scenario is
calculated as follows:

2060 use = (1 X)(0.60 gal/kWh) + (1.17 X)(0.60 gal/kWh) +
                  (1.17 X)(0.23 gal/kWh)

2060 use = 0.60X + 0.702 X + 0.2691 X
               = 1.5711X

2060 water use divided by 2000 water use = 1.5711X / 0.60 X = 2.6185

Thus, for the medium use scenario, water use by electric generation in Texas will
increase by a factor of 2.62 times current use by the year 2060 (representing a 162%
increase).

Low Use Scenario
The “low use scenario” assumes that all future generation will be fueled by natural gas
and will be combined cycle generation operated on once-through circulation cooling from
reservoirs.  One fourth of the current generation will be retired and replaced with the
same type of units assumed for future generation.  It is further presumed that the once-
through cooling reservoirs are preexisting and that no surface evaporation losses will be
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accounted to the electric generation source.  As stipulated in the high use scenario,
current generation consumes water at the rate of 0.60 gal/kWh.  From Section II of this
report, gas fired combined cycle generation using once-through cooling will consume
water at the rate of 0.15 gal/kWh.  Given these presumptions, the water use under the low
use scenario for the year 2060 will be calculated as follows:

2060 water use = (0.75 X)(0.60 gal/kWh) + (0.25 X)(0.15 gal/kWh)
                            + (2.34X)(0.15 gal/kWh)

2060 water use = 0.45 X + 0.0375 X + 0.351 X = 0.8385 X

2060 water use divided by 2000 water use = 0.8385 X / 0.60 X = 1.3975

For the low use scenario, water use by electric generation in Texas will increase by a
factor of approximately 1.40 times current use by the year 2060 (representing a 40%
increase).

Adjustments to the Scenarios
The technology exists to control water use by electric generation without limiting the
amount of generation.  But the control must be accompanied by careful evaluation of the
effects of cost on electricity prices.  Obviously there are trade-offs.  If water is relatively
inexpensive and relatively available compared to fuel, there is little reason to require
extreme water conservation and thereby assure more expensive electricity.

Many electric generation providers in Texas have surplus water supplies contracted or
developed to provide for future generation. This is in conformity with the state goals
manifest in Senate Bills 1 and 2 to engage in proper water resource planning before
supplies are actually needed for such critical societal functions as the provision of electric
power. This contracted or developed, but as yet unused, water will provide the cooling
for an undetermined amount of future generation.  It is estimated that this currently
unused water is adequate for at least thirty-five years of generation growth, according to
the calculations set forth herein.  The data does not exist in any generally accessible
database that would allow the project team to exactly quantify that water reserve.  The
reserve is hereby noted and provides a “cushion” that should be considered in planning
for future water needs for electric generation.  This contracted water may be reflected in
Regional Water Planning Group data as the source of some specific future water use
claims at some locations.
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SECTION VI: STEAM ELECTRIC WATER DEMAND ON A
REGIONAL AND COUNTY BASIS

Section III of this report derived and recommended annual electric generation demands
for the State. Section V utilized those electric generation demand projections along with
the water consumption use factors identified for each generation and cooling technology
to derive estimates of statewide water use for electric generation and statewide steam-
electric water demand projections. The objective of Section VI of this study is to
recommend a water supply allocation method for power generation that can be used on a
county or regional basis through the year 2060.

Difficulties in Allocating Steam Electric Water Demand on a Regional or County
Basis
One of the premises of this study was that electric generation water consumption needed
to be determined on a county basis. Electric generation facilities are built in large blocks
of generation capacity in order to achieve economies of scale.  Currently, generation units
are being built in sizes that range from 25 to 200 MW for gas turbines and from 400 to
1300 MW for gas and coal-fired steam turbine units.  A power generation facility is
located where there is fuel, water, an allowable air quality regime, and access to electric
transmission facilities.  Areas that do not have adequate resources for electric generation
will be supplied by electricity generated at a remote site.  Where the appropriate mix of
these other factors can be found, areas that also have water available for electric
generation will have the ability to attract electric generation if desired.

The point of this discussion is that water for electric generation must be provided, but the
water management strategy to supply those generation needs will not necessarily be
located in every county or even in every Regional Water Planning Group (RWPG)
region.  This phenomenon may not be unique to the electric generation water demand
sector, but is definitely more prevalent than in any other type of water use category
maintained by the TWDB.  Because electric generation can be transmitted across the grid
for great distances to its point of use, the water supplies needed to provide generation for
a particular user group do not have to be located even remotely close in proximity to the
end user of the electricity that is generated. Thus, it is problematic to derive a
methodology for determining water demand projections for power generation on a county
or regional basis based upon the electric generation needs of the county or region.
Therefore, while the statewide projections developed for both total electric generation
and total water needed to supply that generation may be reliable, attempting to predict the
individual counties in which those generation facilities may be developed 50 years into
the future will be much less reliable.

With that disclaimer in mind, the project team recommends that the TWDB and the
regional water planning groups utilize the following methodology and baseline
projections for steam electric water planning for both county-specific and region-specific
water demand allocation.
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Methodology Recommended
To determine steam electric water demand on a county and regional basis, a top down
(i.e. use the statewide information as a basis and then derive the regional and county
needs) methodology was utilized.  Table 6-1 summarizes the statewide generation and
water demand based on the medium water use scenario discussed in Section V. The table
clearly indicates that the statewide electric demand is projected to increase by two
percent annually for a total increase of 234 percent in 2060 over the Year 2000 Baseline
Electric Generation Demand figure, while the corresponding water demand would
increase by only 162 percent.

TABLE 6-1 STATEWIDE ELECTRICITY AND WATER DEMAND--2000 TO 2060

Year Electric
Demand
(GWh)

Percent of
Year 2000
Baseline
Electric

Generation
Demand

Increase Factor in
Water Use over

Year 2000 Based
on Medium Use
Scenario from
Appendix B-1

Calculated
Annual

Statewide Steam
Electric Water

Use
(Acre feet)

2002 State
Water Plan

Steam
Electric

Water Use

2000 337,582 ------- ------- 621,601 607,527
2010 418,623 124% 1.166 724,814 831,301
2020 510,299 151% 1.354 841,572 917,994
2030 622,052 184% 1.583 983,900 1,007,424
2040 758,278 225% 1.862 1,157,396 1,057,929
2050 924,337 274% 2.202 1,368,887 1,134,644
2060 1,126,761 334% 2.618 1,626,692 -------

The water demand for each electric generating plant in Texas can be estimated as a
percentage of the statewide demand. The county water demands can be summed to give
either the regional or the state demand.

For the baseline year 2000, the water demand for each plant is calculated by taking the
actual generation by fuel type as documented in the Energy Information Administration
(EIA) database and applying the water use factor for the generating units at that plant for
each fuel type.  The total statewide water demand for the year 2000 can then be
determined by adding the calculated demand for the individual units or plants. For the
year 2000, the water calculated to be used by each facility was summed to obtain a
statewide water demand of 586,664 acre feet, as indicated on the last page of Appendix
A3. As indicated earlier in Section VI, statewide estimates for generation and water use
are considered to be more reliable than regional and county estimates.  Thus the
estimated statewide generation (337,582 GWh) and water use (621,601 acre feet) was
calculated for the year 2000 and each subsequent year as indicated in Appendix B1 and
summarized by decade in Table 6-1.  Finally the individual plant water demand estimates
were normalized by taking a ratio of calculated statewide total for 2000 as shown in
Table 6-1 and the summed statewide plant total from Appendix A3.
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Potter County in Region A, which includes both a coal fired and a natural gas fired power
plant, will serve as an example to illustrate the methodology used.  As found in Appendix
A1, Harrington, the coal fired plant, utilizes cooling towers for cooling and has a water
use factor of 0.6 gal per kWh, while Nichols, a gas fired plant utilizing cooling towers,
has a water use factor of 0.75 gal per kWh.  The amount of electricity actually generated
at Harrington and Nichols in the year 2000 was 8,028,946 and 993,701 MWh
respectively, as indicated in Appendix A2.

So, the following illustrates the water use derivation for the Year 2000 and its
corresponding decade at the two power plants:

Harrington Water Use = (Actual electricity generated 8,028.946 GWh) x (water
use factor 0.6 gal per kWh) x (Conversion factor of 1,000,000 kWh per GWh
times 1 acre foot per 325,851 gallons) x (Ratio of calculated water used statewide
from Table 6-1 [621,601 acre feet] to summation of individual plant water
estimates statewide for 2000 [586,664 acre feet]); thus

Harrington Water Use for 2000 = 15,664 acre feet as indicated in Appendix A3.

Nichols Water Use = (Actual electricity generated 993.701 GWh) x (water use
factor 0.75 gal per kWh) x (Conversion factor of  of 1,000,000 kWh per GWh
times 1 acre foot per 325,851 gallons) x (Ratio of calculated water used statewide
from Table 6-1 [621,601 acre feet] to calculated water used by summing
individual plant water estimates statewide for 2000 [586,664 acre feet])

Nichols Water Use = 2423 acre feet, as indicated in Appendix A3.

The corresponding water demand for Potter County was then determined to be the sum of
the demand for the two plants, or 18,087 acre feet.  The corresponding water demand for
the region was simply the summation of the demand for the individual counties.

Please note that for most plants on cooling reservoirs, the estimated annual makeup from
a river to the cooling reservoir was included in the year 2000 plant water demand as the
information was available.  In addition, power plants that utilize salt water for cooling
were considered to have a fresh water demand.  The estimated salt water use is
insignificant compared to the water demand for the entire state.

After the baseline year 2000 demand has been determined on a plant-specific basis, the
future demand for the years 2010 though 2060 can be determined.  The PUCT has
estimated the generation demand by year and fuel type for 2000 to 200921 with the data
being summarized in Appendix E3.  The EIA has estimated the generation demand by
year and fuel type for the period of 2001 to 202022 as found in Appendix E4.  Both the
PUCT and the EIA projections by fuel type can be trended to determine a rate of future
                                                
21   See FN 16, supra
22 See FN 20, supra
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growth or decline in generation by fuel type.  In general, both trends show that coal fired
generation will remain relatively unchanged with a slight increase upward.  The annual
generation produced by nuclear plants in Texas is relatively unchanged as well, but has a
slightly downward trend.  The generation produced by conventional gas fired steam
electric generating plants is projected to decrease over the next twenty years and has a
downward trend.  The generation produced by combined cycle gas fired steam electric
plants is expected to rise sharply over the twenty-year period. Therefore, for the years
2010 and 2020, the estimated water demand was based on the 2000 water demand and
was adjusted by a correction factor based on PUCT estimates of electricity generation by
fuel type from 2000 to 2009.

Current economics indicate that electric generation from coal fired and nuclear steam
turbines will operate at or near their full capability, which is defined as a base-loaded
unit.  Natural gas fired conventional steam turbine generation will operate more
infrequently to meet peak demand.  Natural gas fired combined cycle generation will
operate somewhere between the base load and peak load extremes.

The decadal water demand for each conventional (nuclear, coal fired and natural gas
fired) steam electric plant in the years 2010 and 2020 could then be estimated by
assuming that water demand will increase or decrease according to the established
generation trend as projected by the PUCT in Appendix E3 and compared to the baseline
year 2000.   The 2010 and 2020 water demand for coal fired, nuclear, and conventional
natural gas fired is calculated by multiplying the demand in the year 2000 by a ratio of
the linear trend in the fuel type for the 2010 and 2020 as compared to the trend in the fuel
type for the baseline year 2000.The linear curve fit of the trends is provided in Appendix
E3.  Coal plants in 2010 are expected to generate approximately 1.2 percent more
electricity than in 2000.  Nuclear plants in 2010 are expected to generate approximately
1.2 percent less electricity than in 2000.  Conventional natural gas fired plants in 2010 are
expected to generate 17 percent less electricity than the baseline year 2000.  For 2020 the
generation estimates for coal, nuclear, and conventional natural gas are +2.4, -2.4, and
-34 percent respectively when compared to the year 2000 baseline.

This methodology will be illustrated again using Harrington as an example.  For 2010 the
water demand is estimated as 1.2 percent greater than the 2000 calculated demand of
15,664 acre feet.  The demand for 2010 is therefore 15,664 acre feet times 1.012 (1.2
percent) to result in a 2010 demand of 15,854 acre feet.  Similarly for 2020 the demand is
estimated as 15,664 acre feet times 1.024 (2.4 percent) which results in an estimated 2020
demand of 16,043 acre feet.   The same process would be applied to all coal, nuclear, and
conventional natural gas fired plants.

The statewide water demand for natural gas fired combined cycle generation may then be
estimated by taking the difference between the calculated annual statewide demand as
shown in Table 6-1 and the total statewide demand estimated for the conventional steam
electric plants, as found on the last page of Appendix A3.  The plant-specific combined
cycle demand was then assumed to be a percentage of the overall demand attributed to
the combined cycle plants statewide.  That percentage of the overall combined cycle
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demand was determined by comparing the total water demand for a specific combined
cycle plant at its maximum capability to the total water demand for all the combined
cycle plants in the state at their maximum capability that will be operating during that
decade.  While this estimate may not accurately reflect the actual load and water demand
for a specific unit, it was deemed the most expedient method for developing plant
specific data in order to establish county and regional water demand requirements for
2010 and 2020.

The steam turbine for the Mirant plant in Wichita County will illustrate the methodology.
For 2010 the estimate for combined cycle water needs is the difference of the statewide
total water demand of 724,814 acre feet and the 580,388 acre feet demand estimated to be
used by coal, nuclear, and conventional natural gas fired units, which results in 144,426
acre feet remaining for use by combined cycle gas turbine units.  The portion of that
144,426 acre feet available to be allocated to the Mirant steam turbine would then be the
calculated water usage at a 100 load factor (323 acre feet) for that unit divided by the
2010 water demand at 100 percent load factor for all combined cycle units in the state
(180,899 acre feet).  The resulting 2010 demand for the Mirant steam turbine would be
258 acre feet, as indicated in Appendix A3.

Please note that the PUCT information for new generating plants as presented in
Appendix E was used to determine during which decade a new addition would be made.
First, it was assumed that the water demand for all cogeneration facilities would be
covered in the statewide manufacturing totals.  Next, it was assumed that all of the
independent power producing plants indicated in the table would be natural gas fired
combined cycle plants and cooled by cooling towers.  If the PUCT information indicated
that a new plant was projected to be in service by 2010, then the water demand was
shown in 2010.  If an on-line date was not provided by the PUCT or a projected plant was
delayed, it was assumed that the new generation would be added by the year 2020.  These
calculations were performed only for those counties that had existing or announced
generation.  All other counties were assumed to have no water demand for steam electric
generation.

For the decades 2030 through 2060 the water demand for each plant was projected to
increase at the same rate throughout the state regardless of fuel type and generation type.
As detailed in the “Medium Use Scenario”, it also assumes that none of the units existing
today will be retired.  While this is an unrealistic assumption, new units will replace
existing units and continue to use the water that the existing units currently require.  For
the sake of simplicity it was assumed that generating units built after 2020 will be
constructed at the same sites as those facilities identified in Appendix A3 or at least in the
same counties. The individual plant estimates were calculated by multiplying the plant
water demand in the year 2020 by a ratio of the future statewide water demand estimates
for the year 2030 and the future statewide water demand estimates for 2020.  The same
procedure was used to estimate the regional and county demand for the years 2040
through 2060.  For 2030 through 2060, those decadal estimates increased by the
following percentages:  2030 – 16.9 %, 2040 – 17.6%, 2050 - 18.3%, and 2060 - 18.8%.
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The method will again be illustrated for the decadal years 2030 through 2060 using
Harrington as an example.  In 2030 the Harrington demand is estimated as the 2020
demand of 16,043 acre feet multiplied by a ratio of the 2030 and 2020 statewide demands
of 983,900 acre feet divided by 841,572 acre feet.  The resulting demand for Harrington
in 2030 is 18,756 acre feet.  A similar process is used to calculate the demands at each
plant for 2040, 2050, and 2060.  To reiterate, each plant that was recognized to have a
water demand in 2020 would see their corresponding water demand increase
proportionally from 2030 to 2060.  In reality each plant will not see their water demand
increase at the same rate, but it was deemed the most expedient method that could be
applied for long term planning purposes.

A summary of the estimated regional and county steam electric demand is presented in
Table 6-2.  It is recommended that each RWPG utilize and protect its regional steam-
electric demand total as set forth in the table. Each RWPG should also use the county
totals set forth under Table 6-2 as a baseline, and adjust them only based upon better site-
specific information available to the county on steam-electric demand locations while
protecting their regional total.  It may be necessary to move the water out of the region to
a location where other water supplies can be gathered together to support a generation
facility of the size that achieves the economy of scale best suited to the asset, because
high voltage transmission lines and future increases in transmission delivery efficiencies
will likely mean that a sizable portion of the electricity demanded by a region could be
imported from adjacent regions.

Many of the electric generation suppliers in Texas have water supply contracts that are
not being fully utilized at this time.  Many of these suppliers will fully utilize the water
supplies in the future.  Figure 6-1 shows the current water supply for steam electric
generation needs as opposed to the steam electric demand per the 2002 State Water Plan
(2002 SWP) and the medium water use demand from this study.
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Figure 6-1  Steam Electric Projections
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For that reason, this study assumes that additional water supplies for electric generation
will not be needed, when the State is viewed as a whole, until around 2037.  This does
not mean that there will not be areas that are “water short” or “water long”.  It means that
somewhere in the State there is adequate water to support additional generation through
2037.  The 2002 State Water Plan estimated that statewide steam-electric water demand
would exceed supply statewide in 2045.  Based on the research performed in this study, it
is anticipated that statewide demand will actually exceed supply by the end of 2037.
Each region could develop a similar supply and demand curve in accordance with the
data presented in Table 6-2 and Appendix C to determine at what point additional water
is expected to be needed to support future steam electric generation in their region.
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SECTION VII: CONCLUSIONS

The literature review and other research performed in the course of this study
indicate that this is the most comprehensive effort to date in the state of Texas to derive
methodologies for the projection of water demands for the steam-electric water use sector
and to apply those methodologies on a statewide, regional, and county-specific basis for
the derivation of specific water demand projections.  Efforts to check and calibrate the
methodologies indicate that they are generally satisfactory, especially when applied to the
statewide numbers, and are likely the most accurate and reliable generalized
methodologies to be developed on the subject in Texas. However, as set forth in the body
of the report, these methodologies and the projections derived from them should serve
only as the default baseline numbers when applied on a county or regional basis, and
should be adjusted when actual county-specific data is available that indicates clear
projections to the contrary.

In carrying this research forward for utilization on a rolling 50-year planning
horizon, water planners should note the resources that were deemed by the project team
to be the most reliable for predicting future water demand projections for power
generation, including information from the PUCT, ERCOT, the EIS and others regarding
existing, announced, and projected electric generation, to determine whether such records
and data will continue to be collected and to work towards supporting such a continuation
if the methodologies developed in this study should continue to be utilized in the future.
The labor-intensive effort required to gather and assimilate the plant-specific data for
each of the generation facilities in the state might prove implausible but for the
availability of such centralized records.

As assumed by the project team at the onset of this research effort, the statewide
methodology appears to be much more reliable as a predictive tool than the county-
specific methodology.  However, the utilization of announced generation facilities, as
available, and the trending of electric generation projections by fuel-type and their
associated water use factors should prove to be more accurate than other alternatives in
the absence of site-specific information.

Water planners will continue to be challenged to accurately predict future power
generation water demands in Texas, especially on a localized basis.  In large part, this
stems from the fact that location of the demand for the water and the location of the end
product of that demand, electricity, have little, if any, proximity requirements with
modern advances in electric transmission technologies.   Other factors unrelated to water
supply that drive site selection considerations for future power generation, such as
availability of transmission facilities and fuel supplies, emerging generation technologies,
and other regulatory considerations such as air quality limitations, may be much more
dispositive of the issue than water availability and, indeed, may lend more credence to the
assignment by the project team of future generation and related water demand to existing
and announced facilities .



Appendix A
Electric Generating Units in Texas
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Future Generation by Fuel Type

PUCT Generation Projections

Natural Coal & Nuclear Net Energy Total Linear Curve Fit
Gas/Oil Lignite Purchases Coal and Lignite 160.84x + 133002 R2 = 0.1286

2000 99,895 134,389 42,535 59,206 337,582 Nuclear -50.812x + 42449 R2 = 0.2579
2001 94,424 133,499 42,298 68,337 340,142 Natural Gas -1609.3x + 97090 R2 = 0.8217
2002 90,304 133,201 42,410 82,613 350,129 Purchases 9836.8x + 51270 R2 = 0.9965
2003 87,656 133,832 42,135 92,256 357,471 Total 8339.5x + 325388 R2 = 0.9954
2004 87,123 133,251 42,001 102,550 366,511
2005 86,038 133,260 42,460 110,625 373,979
2006 85,014 133,250 41,965 121,663 383,482
2007 85,651 133,109 41,491 129,770 391,612
2008 84,899 133,482 42,205 139,049 401,228
2009 81,386 137,595 42,192 147,651 410,415
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