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plant on land use, ecological resources, protected species, human health, aesthetics, cultural 
resources, water quality, waste management, air quality, and socioeconomics.

In terms of cost, because there are large-scale natural gas energy projects approaching the size 
of the proposed CPNPP Units 3 and 4, there is sufficient information available on the costs of 
constructing or operating a large natural gas power project. From the available information, the 
costs of generating power equal to that of the proposed CPNPP Units 3 and 4 make natural gas 
power plants an economic alternative. The capital costs for natural-gas-fired power plants are 
estimated at approximately $544/kW. Electrical generation costs utilizing natural gas as fuel are 
in the range of $35/MWh to $48/MWh or $0.035/kWh to $0.048/kWh.

Based upon the evaluation criteria, natural gas is reasonable energy alternative to the proposed 
CPNPP Units 3 and 4. Electrical power derived from natural gas is a developed and proven 
technology that is utilized for energy generation in the ERCOT service area. There is the 
potential that natural gas power plants could provide baseload generating capacity and 
availability equal to the proposed CPNPP Units 3 and 4. Natural gas would have greater 
environmental impacts than the proposed CPNPP Units 3 and 4. The costs of natural gas fuel 
plants are well-known and would make the use of this technology economically practical. 
Generating capacity from this technology equivalent to that capacity of the proposed CPNPP 
Units 3 and 4 is achievable within the time frame of the proposed project. 

Given this potential feasibility as a competitive energy alternative, a more detailed evaluation of 
natural gas-fired power is presented in Subsection 9.2.3.2. The discussion in Subsection 9.2.3.2 
includes the plant size and land requirements, fuel quality and consumption estimates, emissions 
evaluations, economic costs evaluation, and potential environmental and health restrictions or 
impacts. As stated in the introductory paragraphs in Subsection 9.2.2, the use of this energy 
technology is consistent with U.S. national policy, which includes maintaining a diverse energy 
supply and the use of domestic energy sources with lower greenhouse gas emissions than fuels 
like petroleum liquids. 

9.2.2.11 Alternatives Requiring New Generation in Combination with Energy Storage

Due to the unpredictable and intermittent nature of renewable energy sources such as solar or 
wind power, these technologies are considered to be peaking and not a baseload power supply, 
as discussed in Subsections 9.2.2.1 and 9.2.2.2. There have been no technological advances in 
energy storage technology that would enhance the feasibility of wind or solar products to function 
as a baseload power supply comparable to CPNPP Units 3 and 4. There have been no 
technological advances that would change the conclusion in Subsections 9.2.2.1 and 9.2.2.2 that 
solar and wind power are not feasible alternatives for baseload energy supply comparable to 
CPNPP Units 3 and 4.

As part of the alternatives analysis in the following subsections, the concept of combining either 
wind or solar power generation with an energy storage technology to produce baseload power 
generation comparable to CPNPP Units 3 and 4 is evaluated in the context of the evaluation 
criteria presented in NUREG-1555. The basic concept evaluated is that the primary baseload 
power could be produced by solar or wind units with some of the excess energy placed into 
storage. The stored energy would then be utilized to produce power when the renewable power 

CTS-00920



Revision 19.2-31

Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 3 - Environmental Report

resources are either not available or not available at sufficient strength to produce the required 
baseload power.

As part of this evaluation, the concept of using a natural gas facility to supplement the wind and 
solar power generation with the storage capacity is also evaluated.  In this conceptual scenario, a 
natural gas power plant could be activated when the baseload power requirements could not be 
met, such as when the wind and solar power is interrupted and the stored energy supply 
exhausted. In actuality, due to the intermittent and unpredictable availability of solar and wind 
power and the finite capacity of the energy storage units, the baseload power would have to be 
generated by the natural gas plant and the use of the natural gas plant could be temporarily 
suspended or reduced when solar and wind power or stored energy is available.

The alternative of using natural gas to provide baseload power comparable to CPNPP Units 3 
and 4 was fully evaluated in Subsections 9.2.2.10 and 9.2.3.2.  The alternative of combining 
technologies, including using a baseload power (such as natural gas or coal) with an intermittent 
renewable power (such as wind or solar power) was evaluated in Subsection 9.2.3.3, including 
Subsections 9.2.3.3.1 through 9.2.3.3.5.

As discussed in these subsections, combining a renewable power source with a baseload power 
technology is not an environmentally preferable alternative to CPNPP Units 3 and 4. The 
alternatives evaluation presented in the following subsections does not change the conclusions 
in Subsections 9.2.2.1, 9.2.2.2, 9.2.2.10, 9.2.3.2 and 9.2.3.3 that natural gas, wind, and solar, 
either individually or in combination with each other and energy storage, are not viable 
alternatives to CPNPP Units 3 and 4 that could both produce baseload power comparable to that 
generated by CPNPP Units 3 and 4 and be environmentally preferable to CPNPP Units 3 and 4.

9.2.2.11.1 Available Alternatives Requiring New Generation in Combination with Energy 
Storage

Luminant does not view nuclear, solar, wind, natural gas, or other energy sources as alternative 
competing energy production technologies. Rather, Luminant believes that baseload energy 
technologies (like nuclear, coal, and natural gas), technologies that provide peaking or 
intermittent power generation (like wind and solar power), along with energy storage, are all 
essential components needed to create and maintain an integrated, diverse, flexible, and 
dependable energy system reliably serving the public needs. The energy demands of society are 
so great and the logistics to reliably satisfy these demands are so complicated and 
interdependent that the entire range of baseload, peak load, and intermittent energy sources and 
storage options must be fully utilized to maintain a functioning power grid.

With this philosophy, Luminant is committed to exploring and attempting to utilize the feasible 
options for generating power. As of 2008, Luminant was the largest purchaser of wind-generated 
electricity in Texas and the fifth largest purchaser of wind-generated power in the United States.  
Mitsubishi, the reactor supplier for CPNPP Units 3 and 4, was the seventh largest producer of 
wind turbines with over 516 MW of turbine capacity installed in 2008 (AWEA, 2009). Luminant, in 
conjunction with Shell Wind Energy, is developing plans for potential wind power projects in 
Briscoe County, Texas that could collectively generate a total of 3000 MW of power. As part of 
these wind power projects, the potential for developing energy storage capabilities is also being 
evaluated (EFH, 2007). As the power industry continues to evolve, Luminant intends to maintain 
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a critical role in pursuing, developing, and implementing feasible power options in appropriate 
applications.

Based on the discussions in Subsection 9.2.2, the utilization of renewable power generation 
options includes challenges because the generation source is intermittent, unpredictable, and not 
always available at a sufficient strength to provide reliable baseload power.  The potential for 
using renewable power sources might be enhanced if the generation source is combined with an 
energy storage technology that could increase the availability, reliability and predictability of the 
power deliverability.  The two primary renewable power generation sources in this category are 
wind and solar power.

The theory behind the combination of renewable power generation with energy storage is that, 
when the generation capacity is available, the amount of power produced could, at times, exceed 
the demand for power at that time.  Excess energy could be stored and returned later to the 
electrical grid when the renewable power generation resource is either not available or is 
available at a diminished level that is insufficient to satisfy the demand for power.

Therefore, in order for this combination of technologies to function, the renewable energy source 
would have to be sized to be larger than the baseload power level, in this case 3200 MW. This 
need to have a generation capacity greater than the baseload requirements in order to place 
energy into storage would cause environmental impacts to a level greater than the impacts of a 
generation source rated at the baseload value alone.  For example, if a solar or wind generation 
source was conservatively assumed to be available for 12 hours every day and if the energy 
storage technology was conservatively assumed to be 100 percent efficient, a solar or wind 
power generator rated at 6400 MW would be needed for 12 hours to provide 3200 MW of 
baseload generation for 12 hours and 3200 MW of power generation from the storage units for 
12 hours.  In reality, the solar or wind generation would have to be much greater because neither 
solar nor wind generation is available at full load for 12 hours per day and energy storage 
technologies do not approach 100 percent efficiency in energy transfer capability.

To assess the generation combined with storage option, the potential storage options are 
discussed first in the following subsection. The combinations of renewable power generation with 
the options that are considered the most advanced at this time, along with supplemental natural 
gas, are then evaluated in the subsequent subsections.

9.2.2.11.2 Energy Storage Options

There are a number of potential energy storage options that might be considered for the 
technology combination of power generation with energy storage. These storage technologies 
include (DOE 2009; ESC 2002; PEI 2008):

• Pumped hydropower storage

• Compressed air energy storage (CAES)

• Batteries

• Hydrogen
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• Molten salt

• Flywheels

• Supercapacitors 

The feasibility of utilizing these storage options to generate baseload power comparable to that 
of CPNPP Units 3 and 4 in the relevant ERCOT service area is discussed below.

9.2.2.11.2.1 Pumped Hydropower Storage

Pumped hydropower (hydro) storage is a proven technology with power facilities in existence 
that can generate up to 1000 MW of peaking power. Pumped hydropower facilities consist of a 
storage reservoir located in an elevated location over a lower receiving reservoir or body of 
water. During non-peak power demand hours, when the energy costs are lower, water is pumped 
from the lower receiving reservoir or water body into the topographically higher storage reservoir. 
During peak power demand hours, when the energy prices are higher, water is released from the 
upper reservoir through turbines to generate power and returned to the lower receiving reservoir 
or water body (DOE 2009; ESC 2002).

Pumped hydro storage as an energy storage methodology in the relevant ERCOT service area 
has the same challenges as new or expanded hydropower projects that could generate baseload 
power comparable to CPNPP Units 3 and 4. The need for both an upper and lower reservoir 
would double the land requirements and environmental impacts of a new or expanded 
hydropower project discussed in Subsection 9.2.2.3.  For the same reasons that hydropower is 
not a viable baseload alternative in Texas, as discussed in Subsection 9.2.2.3, pumped hydro 
storage is not a viable energy storage option to be used in combination with renewable power 
generation methods for producing baseload power in Texas.

9.2.2.11.2.2 Compressed Air Energy Storage (CAES)

Like pumped hydro storage, CAES are generally operated as a peaking plant with energy being 
placed into storage during the less expensive, non-peak demand hours and being generated 
from the storage units during the higher priced, peak demand hours. CAES involves using 
compressors powered by the generation source to pump air into a storage facility, such as an 
underground cavern.  The compressed air is then used in combination with a heat source, such 
as natural gas, to drive turbines and generate electricity. To generate the electricity from the 
CAES, the natural gas usage is between one third and one half the amounts needed to generate 
the same amount of electricity at a natural gas generating plant (DOE 2009; ESC 2002).  Due to 
the cost differential between peak and non-peak hour and the reduction in the volume of natural 
gas used to generate a specific amount of power, a CAES facility can be economically attractive 
method of producing peak power (RES 2005; PEI 2008).

No large scale, baseload CAES facilities are in operation anywhere in the world.  No CAES 
facilities combined with either wind or solar power are in operation. However, a 200 to 300 MW 
CAES facility integrated with 75 to 150 MW wind farms is proposed in Iowa, referred to as the 
Iowa Stored Energy Park (ISEP, 2006; PEI 2008).
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Two CAES facilities combined with natural gas power plants, a 110 MW facility in Alabama and a 
290 MW plant in Germany, have been built and are in operation (ESC 2002). A CAES facility that 
is to be powered with energy from generation facilities on the power grid is proposed for Norton, 
Ohio. The Norton, Ohio CAES facility, which is still in the project development and permitting 
stage, is planned to eventually provide 2700 MW of peaking power generation (PEI 2008). These 
three CAES facilities, none of which is combined with either wind or solar power, are primarily for 
peaking purposes rather than baseload generation (PEI, 2008). The Norton, Ohio project is 
somewhat different from the other CAES projects in that a pre-existing mine will be utilized. The 
size and the mining engineered construction of the pre-existing mine allows a much greater 
planned capacity for the Norton, Ohio facility as compared to other CAES projects.

The development of CAES facilities in the relevant area, the ERCOT region, has a number of 
challenges.  Large land areas that possess the suitable geologic formations for large scale 
underground storage capacity are required.  A source of natural gas or another equivalent heat 
source is required as part of the CAES facility.  For the amount of electricity to be generated, 
CAES has environmental impacts similar to a natural gas generation unit although on a smaller 
scale.

There are no large-scale CAES systems in Texas.  As a result, the economics and feasibilities of 
such a system in Texas are speculative.  The construction of the turbine generation portion of the 
design is probably on a scale similar to a gas turbine generation station of the same size since 
very similar equipment would be required.  The identification of, and development of, the storage 
cavern is an additional cost which has not been assessed in Texas.  While the existing projects in 
Alabama and Germany combined with natural gas power and the proposed ISEP are on the 
scale of 110 to 290 MW (ESC 2002), these facilities are peaking plants and do not approach the 
3200 MW needed to be an alternative baseload energy storage method for CPNPP Units 3 and 
4.

Of the energy storage options available, CAES appears to be the most suitable for evaluation in 
combination with wind power. Luminant, in association with Shell-Wind Energy, is evaluating the 
potential of combining CAES with wind power projects in Texas (EFH 2007). Since this option of 
combining technologies may be feasible, the potential impacts of combining wind power with 
CAES storage are evaluated in Section 9.2.2.11.3.1.

9.2.2.11.2.3 Batteries

Batteries are used for energy storage in many applications. When combined with intermittent 
sources, such as wind or solar power, batteries can help to supply more reliable power for off-grid 
applications. When used for in-grid connections, batteries can serve as backup sources of 
power. Advantages include the fact that batteries can be portable, the technology has been 
tested, energy can be stored for consumption at a later period of time, and batteries can be 
charged and discharged multiple times.  Overall, however, batteries are expensive and have 
relatively short lives, which increase the long-term expense (DOE 2009; ESC 2002).

Battery storage on the scale needed to provide baseload energy from storage comparable to 
CPNPP Units 3 and 4 has not been accomplished in Texas or anywhere, in large part for the 
reasons stated above. Duke Energy is proposing a demonstration project that would combine 
battery storage to provide 20 MW of peak power from the 151 MW Notrees Windpower Project in 
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Texas (REW, 2009). If completed and successful, the Duke demonstration project would be the 
largest power operation combining battery storage with wind energy. However, this 
demonstration project is still in the planning stages and would provide peaking power that will be 
substantially less than the baseload power generation of CPNPP Units 3 and 4. Therefore, the 
use of renewable energy in combination with battery storage is not a reasonable alternative for 
producing baseload power equivalent to CPNPP Units 3 and 4.

9.2.2.11.2.4 Hydrogen

In theory, hydrogen can be used to store energy.  Hydrogen can be generated and then used to 
generate electricity via a mechanism such as a fuel cell.  Such techniques have only been 
demonstrated on a small scale.  The use of such storage on a large scale is only theoretical and 
is not expected to be practical on a large scale in the near future if ever.     Fuel cells were 
discussed as an alternative in Subsection 9.2.2.8 and the limitations cited in that subsection do 
not depend on the source of the energy applied to the fuel cells.  Therefore, the use of renewable 
energy in combination with hydrogen storage is not a reasonable alternative for producing 
baseload power equivalent to CPNPP Units 3 and 4.

9.2.2.11.2.5 Molten Salt

Molten salt batteries, sometimes called thermal batteries, use molten salt as the electrolyte.  
Molten salt batteries have a high power density, which means these batteries are useful in 
applications that require high levels of power but for which space is limited.  Molten salt batteries 
have been used to power devices like missiles and artillery fuses.  The application of thermal 
batteries has been limited almost entirely to military uses.  These batteries have varying designs 
and one of the most common is a lithium salt battery, which is being studied for use in 
automobiles.  The cost of such batteries is high and in many cases the sources for construction 
are limited.  While suitable for some applications, molten salt batteries have not been used for 
large-scale energy storage.

There are no commercial baseload power plants that operate in conjunction with molten salt 
batteries. However, some energy projects have been proposed that would utilize molten salt 
batteries to provide storage capacity for the power generated by concentrated solar power 
plants. These proposed projects include a 200 MW and a 340 MW concentrating solar thermal 
power (CSP) plants near Kingman, Arizona and a 280 MW CSP plant near Gila Pass, all of which 
are proposed to utilize molten salt storage (CSA 2009; Abengoa 2009; Technology for Life 2009). 
Although still in the development stages, molten salt batteries appear to be considered a 
promising potential storage options combined with CSP.

Molten salt can also be used to store heat. The sun’s energy is concentrated by a field of 
hundreds or even thousands of mirrors (called “heliostats”) onto a receiver located on top of a 
tower (NREL 2006; SNL 2009).  This energy heats molten salt flowing through the receiver- and 
the salt’s heat energy is then used to generate electricity in a conventional steam turbine 
generator. The molten salt retains heat efficiently, so it can be stored for hours or even days 
before it loses its capacity to generate electricity (SNL 2009). Solar Two, a demonstration power 
tower located in the Mojave Desert in California, generated about 10 MW of electricity before the 
project was discontinued in 1999 (NREL 2001).

CTS-00920



Revision 19.2-36

Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 3 - Environmental Report

In these systems, the molten salt at 550°F is pumped from a “cold” storage tank through the 
receiver, where it is heated to 1,050°F and then on to a “hot” tank for storage. When power is 
needed from the plant, hot salt is pumped to a steam generating system that produces steam to 
power a turbine generator. From the steam generator, the salt is returned to the cold tank, where 
it is stored and eventually reheated in the receiver (SNL 2009).

With thermal energy storage, power towers could have the potential to operate at an annual 
capacity factor of up to 65 percent (CEC 2003), which means a solar power facility could 
potentially operate for 65 percent of the year without the need for a back-up fuel source. Without 
thermal energy storage, solar technologies like this are limited to annual capacity factors near 25 
percent. The ability of power towers to operate for extended periods of time on stored solar 
energy separates this technology from other solar energy technologies. However, these 
technologies are still in the demonstration phase of development (CEC 2003). Molten salt 
storage has potential and is being developed in conjunction with solar energy. Therefore, the use 
of solar power generation combined with molten salt storage is evaluated further in Section 
9.2.2.11.3.2.

9.2.2.11.2.6 Flywheels

Flywheels store energy through the inertia of a spinning disk.  The amount of energy that can be 
stored depends upon the size of the disk.  Long-term storage (more than minutes) is difficult to 
achieve with the desired level of efficiency.  Flywheels are best used in stability applications such 
as in smoothing out the performance of a combustion engine or in smoothing out the voltage and 
frequency on a circuit. Flywheels can serve as backup power for low-power applications or as a 
source of short-term power support for high-power applications (DOE 2009; ESC 2002).  No 
large-scale applications exist and there are no known plans to build such a large-scale power 
facility utilizing flywheels. Therefore, the use of renewable energy in combination with flywheels 
is not a reasonable alternative for producing baseload power equivalent to CPNPP Units 3 and 4.

9.2.2.11.2.7 Supercapacitors

There are multiple designs for electrical energy storage in supercapacitors and these designs are 
best suited for fast response, short duration applications. Supercapacitors are characterized by 
relatively low storage capabilities but have high charging and discharging rates. Supercapacitors 
can be used for backup during outages, for stabilizing voltage and frequency, and as a bridging 
power source in applications that need an uninterruptible power supply. Although 
supercapacitors have low maintenance and may have long lives, these devices are relatively 
expensive.  There are no current case studies of supercapacitors being used as a large-scale 
source of power (DOE 2009). Therefore, the use of renewable energy in combination with 
supercapacitors is not a reasonable alternative for producing baseload power equivalent to 
CPNPP Units 3 and 4.

9.2.2.11.2.8 Other Storage Options

Other energy storage methods are possible, such as superconducting magnets. These options 
are generally in the research and development stage and do not offer a potential for large-scale 
energy storage in the foreseeable future (DOE 2009; ESC 2002). Therefore, the use of 
renewable energy in combination with other energy storage, other than the storage options 
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previously discussed, is not a reasonable alternative for producing baseload power equivalent to 
CPNPP Units 3 and 4.

9.2.2.11.3 New Generation and Energy Storage Combinations

As discussed in Subsection 9.2.2.11.2, there are no large-scale facilities in existence that 
combine renewable energy sources with energy storage to produce baseload power.  
Furthermore, this combination of technologies as a baseload power source has not been 
demonstrated and proven. The projects that are being proposed and/or developed in the US and 
around the world use renewable energy generation combined with energy storage as either a 
peaking or an intermediate, intermittent power source.

At this time, the two most promising alternatives appear to be wind power generation combined 
with CAES storage and solar power generation with molten salt storage. However, even with 
technological advances that have been made or appear to be feasible, renewable energy 
generation combined with storage methods and supplemental use of natural gas, do not offer the 
potential as an alternate baseload power generation comparable to the CPNPP Units 3 and 4 
and are not environmentally preferable to CPNPP Units 3 and 4. To more fully demonstrate this 
conclusion, the options of wind power combined with CAES storage; solar power combined with 
molten salt storage; and these generation and storage combinations supplemented by natural 
gas are assessed in the subsections below using the environmental evaluation criteria listed in 
NUREG-1555.

9.2.2.11.3.1 Wind Power Generation in Combination with CAES

For this energy technology combination, it is conservatively assumed that wind would be used to 
generate electricity for both 3200 MW of baseload power and 3200 MW of storage capacity, 
when adequate wind is available.  Sufficient baseload energy must be put into storage when the 
wind resources are available to account for the lack of power generation capabilities for the 
periods of time when adequate wind resources are unavailable and for the inefficiency of the 
CAES process.  Under this alternative, natural gas would be needed to recover the energy 
captured in the CAES process, but would not be used as a source of supplemental power 
generation if wind generation or generation from the storage facility is not available for extended 
periods of time. The use of natural gas to generate supplemental power to compensate for the 
lack of wind power or generation from storage is evaluated in Subsection 9.2.2.11.3.3.

One of the restrictions to this alternative is the diurnal nature of the wind resource in Texas. The 
wind availability is the direct inverse of the electrical load demand; with the wind being the 
strongest during the nighttime and early morning hours and weakest during the daytime hours 
(RES 2005). Only about 8.7 percent of the wind power in Texas generates electrical power that is 
available to reliably meet peak power demand (PEL 2009). Not only is wind an intermittent and 
unpredictable source of power, but in Texas, the wind resource is mainly available during non-
peak and intermediate load demand periods and predominantly unavailable during the peak 
demand periods for power (RES 2005).

By applying energy storage, such as with CAES, the lack of wind power during peak demand 
periods can be ameliorated, to an extent. The combination of wind power in Texas with CAES 
would be a typical utilization of the energy storage concept. The power would be placed into 
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storage during the non-peak demand hours and would then be taken from storage and utilized 
during the peak demand hours. Therefore, with storage, wind could be utilized in Texas as a form 
of peaking power, whereas wind is currently primarily restricted to non-peak and intermediate 
power generation. However, the limitations caused by the intermittent and unpredictable 
availability of wind, as well as the finite storage capacity of a CAES facility, would prevent wind 
combined with storage from being a baseload power source comparable to CPNPP Units 3 and 
4.

Criterion 1 - Developed, proven, and available in the relevant region ERCOT

Wind power, as a developed, proven, and available technology in the relevant region, was 
discussed in Subsection 9.2.2.1. However, wind power is not available as baseload power and 
only 8.7 percent of the wind power in Texas generates electrical power that is available as peak 
capacity (PEL 2009). There are no wind power and CAES storage facilities in operation in either 
Texas or any other place in the world. There are no power generation facilities combining wind 
power with any storage technology in operation in the world.

There are two CAES facilities in operation, the 290 MW Huntorf facility in Germany and the 110 
MW McIntosh plant in Alabama. Neither of these plants is operated in conjunction with wind 
power generation and neither is used for baseload energy production. A 268 MW CAES plant 
has been proposed in conjunction with 75 to 100 MW of wind farms in Iowa, but this Iowa Stored 
Energy Park is only in the planning and development stage. A 2700 MW CAES project has been 
proposed in Norton, Ohio that would be connected to the power grid for the non-peak power 
required for compression. Luminant and Shell-Wind Energy are proposing wind farm projects in 
Texas totaling 3000 MW and are evaluating the potential for incorporating CAES facilities in 
conjunction with the wind farm projects. The ability to generate baseload power comparable to 
that proposed by CPNPP Units 3 and 4 using wind power combined with CAES has yet to be 
demonstrated  and has not been developed or proven, and is not available in the relevant area, 
or at any location in the world.

Criterion 2 - Capacity equivalent to the planned generation

As discussed in Subsection 9.2.2.1, although wind power is a developed and available 
technology, wind power is not capable of generating baseload power comparable to that of the 
proposed CPNPP Units 3 and 4. As discussed above, wind power combined with CAES is not 
currently available and this combination of technologies is still under development. The only two 
CAES projects in operation, the 290 MW Huntorf facility in Germany and the 110 MW McIntosh 
plant in Alabama (ESC 2002), produce significantly less power, are charged by natural gas or 
other power sources on the power grid, and are used for peaking or contingency purposes. The 
proposed Iowa Stored Energy Park is much smaller than CPNPP Units 3 and 4, will not provide 
baseload power, and is still in the planning and development stage.

The proposed 2,700 MW CAES project in Norton, Ohio is planned to be connected to the power 
grid for non-peak power for compression (PEI 2008). Less than 80 percent the size of CPNPP 
Units 3 and 4, the Norton, Ohio CAES project will not be linked to wind farms, is not planned for 
baseload power, and is still in the planning and development stages. The Norton, Ohio project 
proposes to convert an existing mine into a CAES facility, which allows a project to be planned 
that is much larger in scale than the other existing and proposed CAES facilities. However, the 
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feasibility of such a conversion has not been previously attempted and has not been 
demonstrated. The operation of a CAES facility in a bedded sedimentary formation also has not 
been attempted or demonstrated, as the existing CAES facilities are in salt formations 
specifically engineered for storage. The Norton, Ohio project proponents plan to utilize off-peak 
power from the power grid to charge the CAES and will not be utilizing wind power. Even if the 
full 2700 MW of peaking power capacity can be realized, the Norton, Ohio project will still not 
demonstrate the ability to provide 3200 MW of baseload from wind power.

Luminant and Shell-Wind Energy are evaluating wind farm projects in Texas that will collectively 
total 3000 MW. The feasibility of combining CAES to these wind farm projects to some extent is 
being considered. However, the feasibility to construct and operate these wind farm and CAES 
projects is still being evaluated and has not been demonstrated. In addition, these projects, if 
feasible to build and operate, will not generate baseload power comparable to CPNPP Units 3 
and 4.

Therefore, the ability to generate baseload power on the scale comparable to CPNPP Units 3 
and 4 through the combination of wind power and CAES has not been demonstrated. The 
feasibility of using wind power combined with storage with CAES for baseload power is still 
speculative. More realistically, the use of storage would help wind power, which is currently 
available during mainly non-peak hours to be more available during intermediate demand and 
peak demand hours, improving the value of wind power as an intermediate or peaking 
technology.

Criterion 3 - Available during the same time frame

As discussed in Subsection 9.2.2.1, wind power is considered to not be available as a technology 
capable of generating baseload power comparable to that of the proposed CPNPP Units 3 and 4 
within the project time frame. As discussed above, wind power combined with CAES is not 
currently available and this combination of technologies is still under development. The most 
advanced project is the proposed Iowa Stored Energy Park (ISEP 2006). The Iowa Stored 
Energy Park is much smaller than CPNPP Units 3 and 4, will not provide baseload power, and is 
still in the planning and development stage. Luminant, in partnership with Shell Wind Energy, is 
proposing wind farms in Briscoe County, Texas that collectively would generate 3000 MW of 
power. Luminant and Shell Wind Energy are evaluating the feasibility of combining CAES 
facilities into the operations of the wind farms (EFH 2007).

No wind power projects exist that incorporate energy storage, such as CAES. The feasibility of 
combining these technologies to provide baseload power has not been demonstrated or proven. 
No facilities are currently proposed utilizing wind power generation with energy storage, such as 
CAES, that would yield baseload power comparable to that of CPNPP Units 3 and 4. Since this 
combination of technologies is not currently available, has not been demonstrated, and is not 
proposed on the scale of CPNPP Units 3 and 4, wind power combined with CAES storage is not 
considered to be available to provide comparable baseload power within the project timeframe.

Criterion 4 - No unusual environmental impacts or exceptional costs

As discussed in Subsection 9.2.2.1, wind power, as a technology by itself, is considered to have 
potential environmental impacts greater than those impacts expected of CPNPP Units 3 and 4. 
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Due to the large land requirements, wind power projects comparable to CPNPP Units 3 and 4 
have the potential for LARGE impacts on land use and aesthetics, MODERATE impacts on 
ecological resources, protected species, and cultural resources, and SMALL impacts on water 
quality, air quality, human health, and waste management. A potential positive, MODERATE 
impact on socioeconomics would also be expected.

By combining CAES into a wind power generation scenario, the anticipated environmental 
impacts would be greater than the impacts from a wind power project alone. Therefore, a wind 
power project with CAES generating 3200 MW of power is expected to have greater 
environmental impacts than CPNPP Units 3 and 4. A wind power and CAES project would be 
expected to have MODERATE impacts on water quality, air quality, and waste management. The 
water quality impacts would be increased by the large amount of freshwater that would be 
required to create the CAES storage caverns in either salt dome or bedded salt deposits found in 
Texas. The disposal of the large volumes of salt water, along with other impurities in the rock 
formations, from the cavern creation process would further impact water quality and increase 
waste management impacts. The use of natural gas in the CAES compression and energy 
generation processes will increase air impacts related to a wind power facility.

The Princeton Environmental Institute (PEI 2008) estimated that a CAES facility capable of 
generating baseload power for 88 hours would require a land area of approximately 14 percent of 
the wind turbine array. In Subsection 9.2.2.1, based upon the size of the Horse Hollow Wind 
Energy Center, the size of a wind farm to generate 3200 MW of energy was estimated to be 
between 452,000 to 816,000 ac of land. For 88 hours of power generation, a CAES facility could 
therefore cover between 63,280 and 114,420 ac of land. Since the CAES facility and wind farm 
may not be in the same geographic location, the impacts related to the CAES acreage would be 
in addition to the impacts of the wind farm.

Combining CAES storage with wind power generation would actually increase the land area of 
the wind farm, and by extension, increase the anticipated environmental impacts. Under this 
alternative scenario, a wind farm would have to generate 3200 MW of power for baseload power 
and generate the equivalent of 3200 MW for storage for each hour that the wind power is not able 
to generate power. If wind power generation is available for 12 hours a day, the wind farm would 
have to generate enough energy to be stored in the CAES facility to provide power for the 12 
hours when the wind farm is off-line. In this simplest of scenarios, 6400 MW of power would have 
to be generated during the wind farm operation; doubling the land size and impacts of the wind 
farm due to the CAES storage.  The potential for LARGE impacts on land use, aesthetics and 
ecological resources would, therefore, be expected.

Based upon the evaluation criteria discussed above and in Subsection 9.2.2.1, wind power in 
combination with CAES is not a reasonable energy alternative to CPNPP Units 3 and 4. First, 
wind power combined with CAES storage is not developed, proven, or available in the relevant 
region. Second, wind power combined with energy storage, such as in a CAES facility, has not 
been shown to be feasible as a technology capable of producing baseload energy capacity 
equivalent to that proposed for CPNPP Units 3 and 4. Third, the combination of a wind power and 
CAES project comparable to CPNPP Units 3 and 4 are not expected to be available during the 
same time frame as CPNPP Units 3 and 4. Finally, a wind power project combined with CAES 
would be expected to have significant environmental impacts and this technology combination is 
not environmentally preferable to CPNPP Units 3 and 4.
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9.2.2.11.3.2 Solar Power Generation in Combination with Molten Salt Storage

For this energy combination alternative, it is conservatively assumed that solar power technology 
would be used to generate electricity for both 3200 MW baseload power and to place 3200 MW 
of energy into storage when an adequate source of solar energy is available. The solar power 
facility would have to generate power both at a baseload level of 3200 MW and at a level to store 
sufficient power into storage to provide 3200 MW of power for the time period that solar power 
generation is not feasible. The design capacity of the solar generation would have to exceed the 
desired baseload rate to account for the unavailability of solar energy for potentially extended 
periods of time (both nighttime hours and hours during the daytime when there is insufficient 
incident sun light) and the inefficiency of the molten salt storage process.

Under this alternative, the combination of solar power generation with storage using molten salt 
is evaluated as a stand-alone technology option. Natural gas would not be used under this 
alternative for supplemental generation if solar generation is not available for extended periods of 
time or when the storage capacity in the molten salt structure has been exhausted.  The option of 
using supplemental natural gas with solar power and energy storage is evaluated in Subsection 
9.2.2.11.3.3.

Energy storage projects are basically a form of commodity trading. Like other types of 
commodities, the energy is purchased and placed into storage when the cost of energy is the 
least expensive, which occurs mainly during hours of non-peak energy use, particularly at night 
and on weekends. The energy is then taken out of storage to produce power and sold when the 
cost of energy is higher, mainly during the hours of peak energy usage, particularly during 
daylight hours during the work week. The energy storage units are operated based upon the 
lower cost to put the energy into storage during the non-peak usage hours compared to the 
higher price that can be charged when the power is generated out of the storage unit during the 
peak hours of energy usage. Due to the cost differential between the non-peak and peak hours, 
energy storage can be cost-effective means of energy generation even though more power is 
utilized in the power storage project than is produced from the storage project (ESC 2002; PEI 
2008; REL 2005).

The concept of combining solar power with storage projects, either by molten salt, hydropower, 
gas, CAES, or other storage technology, is somewhat contrary to the driving forces behind 
storage projects and could make the energy storage concept infeasible. Electric storage projects 
are net consumers of electricity; i.e., the storage projects consume more power than the projects 
generate. However, storage projects are usually profit-makers because the storage projects 
consume power during the cheaper non-peak hours and produce electricity during the more 
expensive peak use hours (ESC 2002; PEI 2008; REL 2005).

If storage projects were combined with solar power, the energy input for energy storage would be 
produced during the peak use and cost hours; i.e., during the daytime when solar power can be 
produced. The power would then be generated from the storage units during the non-peak use 
and cost hours to balance the lack of power generation from the solar projects. The projects 
would consume a greater amount of expensive electricity during the peak power demands period 
and generate a lesser amount of cheaper power mainly during the non-peak power demand 
hours; possibly affecting the feasibility of a combined solar power and storage project.
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Criterion 1 - Developed, proven, and available in the relevant region ERCOT

As discussed in Subsection 9.2.2.2, in the ERCOT region, solar energy has been developed as 
only small scale, local power sources.  No large-scale, baseload solar power generation plants 
have been developed. As discussed in Subsection 9.2.2.2 (under Criterion 1), solar power 
generation could be combined with thermal storage tanks to allow greater flexibility in dispatching 
electric power but no large-scale or baseload storage facilities, including molten salt storage 
systems, have been developed.  The combination of solar with molten salt storage is not a 
developed, proven, available energy source in the relevant region, the ERCOT area.

Nationwide, solar power plants with molten salt storage are being proposed but have not been 
built and the technology is still being developed and demonstrated. Four CSP plants with molten 
salt storage are being proposed in Arizona. These four power proposed projects would total 1100 
MW, collectively about one-third the capacity of CPNPP Units 3 and 4, and would not be used as 
baseload power (CSA 2009; Abengoa 2009; Technology for Life 2009; Lockheed Martin 2009). 
The technology combination appears to be feasible but is not developed, proven, and available 
as a baseload power source comparable to CPNPP Units 3 and 4.

Criterion 2 - Capacity equivalent to the planned generation

As discussed Subsection 9.2.2.2, solar power cannot provide baseload generating capacity and 
availability equal to CPNPP Units 3 and 4.  Combining solar power with molten salt storage could 
help address the availability challenge, but would also require significantly greater levels of 
power generation from solar.  As discussed in Subsection 9.2.2.2, the total levels of solar power 
generation projected to be developed in Texas are significantly less than the power to be 
provided by proposed CPNPP Units 3 and 4.  The combination of solar power generation with 
molten salt storage may increase the length of time that a solar power facility could provide 
power over the course of a typical day but would not satisfy the shortfall of equivalent capacity.

Four projects are being proposed in Arizona that would combine CSP with molten salt storage. 
These proposed projects are a 200 MW and a 340 MW CSP plants with molten salt storage near 
Kingman, a 280 MW CSP plant with molten salt storage near Gila Pass, Arizona and a 290 MW 
CSP plant with storage in the Harquahala Valley, Arizona (CSA 2009; Abengoa 2009; 
Technology for Life 2009; Lockheed Martin 2009). All of these plants are significantly smaller 
than CPNPP Units 3 and 4 and will be peaking and intermediate power generation plants, rather 
than baseload plants. The Arizona plants would collectively total one-third of the power 
generation of CPNPP Units 3 and 4. A number of solar power projects are proposed in California 
that would collectively generate 1300 MW of power, less than half of the CPNPP Units 3 and 4, 
and, again, these projects collectively would not provide baseload power.  Therefore, as 
discussed in Subsection 9.2.2.2, solar power does not appear capable of generating baseload 
power generation equivalent to CPNPP Units 3 and 4, even when combined with a storage 
technology such as molten salt storage.

Criterion 3 - Available during the same time frame

As discussed in Subsection 9.2.2.2, generating baseload capacity equivalent to CPNPP from 
solar power is not considered achievable within the project time frame. The combination of solar 
power generation with molten salt storage is still being developed and the feasibility as a large-
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scale, baseload power plant has not been demonstrated. Therefore, this technology is not 
considered to be available as a comparable baseload option within the project time frame.

Criterion 4 - No unusual environmental impacts or exceptional costs

As discussed in Subsection 9.2.2.2, a solar power plant, with power capacity comparable to 
CPNPP Units 3 and 4, would be expected to have environmental impacts in excess of the 
CPNPP Units 3 and 4. Due to the large land area requirements, a solar power plant is expected 
to have LARGE impacts on land use and aesthetics; MODERATE impacts on ecological 
resources, protected species, and cultural resources; and SMALL impacts on water quality, air 
quality, human health, and waste management. A MODERATE positive impact on socio-
economics would also be expected from solar power generation.

Combining molten salt facility with a CSP plant would increase the land area and related impacts 
associated with the solar power farm. As discussed in Subsection 9.2.2.2, a solar power plant 
capable of generating 3200 MW of power was projected to cover between approximately 27,755 
ac and 38,000 ac of land. Therefore, if (in a best case scenario) sufficient sunlight is available to 
generate 12 hours of 3200 MW baseload power, the molten salt storage facility would have to 
provide the next 12 hours of 3200 MW power each day. Assuming that the energy transfer 
between generation to storage and back into generation is 100 percent efficient with no loss, the 
solar power plant would have to generate twice the baseload requirement, or 6400 MW of power 
to provide 24 hours of energy.

Just the simple requirement to generate power for both baseload and storage would double the 
size of the solar plant required. In terms of land requirements, the footprint of the solar power 
facility would, therefore, range from approximately 55,510 ac to 76,000 ac. Additional acreage 
would be needed for the molten salt storage towers and the various pieces of equipment needed 
to operate the molten salt storage facility and generate power from storage units. LARGE 
impacts on land use, aesthetics and ecological resources would be, therefore expected. The 
handling of the molten salt may also increase the waste management impacts.

In terms of socio-economics, the combination of solar power generation with storage would be 
expected to have a LARGE adverse impact. As discussed previously, under this technology 
combination, energy stored at the most expensive, peak hour prices would be placed into 
storage because solar power can only be generated during the daytime hours. The power would 
then be generated from storage at the lower intermediate and non-peak hour prices. With each 
day, substantial economic losses will be suffered due to the differential between the higher peak 
hour costs when the power is put into storage and the lower intermediate or non-peak costs 
when the power is generated from storage.

Based upon the evaluation criteria discussed above and in Subsection 9.2.2.2, solar power 
technologies in combination with storage, such as molten salt storage, is not a reasonable 
energy alternative to the proposed project. First, solar power combined with storage is not 
developed, proven, and available in the relevant region (ERCOT) or even in other areas of the 
United States. Second, solar power generation combined with storage has not been proven to 
provide power generation capacity equivalent to CPNPP Units 3 and 4. Third, solar power 
generation with storage with the capacity to generate baseload power equivalent to CPNPP Units 
3 and 4 is not considered to be available during the same time frame as the proposed project. 
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Finally, if such a facility where feasible, a solar power generation and storage project would be 
expected to have significant adverse environmental impacts and those impacts are expected to 
be in excess of those associated with CPNPP Units 3 and 4.

9.2.2.11.4 Renewable Energy Sources Combined with Storage and Natural Gas Power 
Generation

There are two primary scenarios for the combination of renewable energy sources with energy 
storage and natural gas power generation. Under the first scenario, the baseload power would be 
generated principally by the renewable energy source and, when the renewable energy power 
generation is not available, the baseload power would be generated from the energy storage 
facility. The renewable energy source would also be used to charge the energy storage facility. 
The natural gas power plant would be used to supplement the baseload power from the 
renewable energy source and energy storage operations. The natural gas plant would generate 
baseload power when the renewable energy source and the energy storage operations cannot 
produce power; the natural gas plant would supplement the baseload power generation when 
either the renewable energy source or energy storage operations generate less than the 
requisite 3200 MW of energy; and the natural gas plant would be used to charge the energy 
storage facility when the renewable energy source can generate the baseload power but cannot 
generate enough surplus power to charge the energy storage facility. This scenario is referred to 
as the renewable energy sources combined with storage and supplemented by natural gas 
power generation.

Under the second scenario, the primary source of the baseload power would be the natural gas 
plant. Power from the renewable energy source or from the energy storage facility displace the 
natural gas plant generation at the times that power from the renewable energy source or the 
energy storage facility is available. Alternatively, the renewable energy source could be used 
primarily to charge the energy storage facility when the renewable energy source is available and 
the natural gas plant continues to provide the baseload power.  Under this second scenario, the 
natural gas plant would be operating at a capacity less than 3200 MW when power is available 
from either the renewable energy source or from the energy storage facility. This scenario is 
referred to as natural gas power generation supplemented by renewable energy sources 
combined with storage in the subsequent sections.

The power generation scenario selected would affect the power capacity, and therefore size, of 
the facilities required.  Under the first scenario, in which natural gas would supplement renewable 
power combined with energy storage, all three power sources (the renewable power facility, the 
energy storage facility and the natural gas plant) would all have to be sized to generate 3200 MW 
of baseload power. Under the second scenario, in which renewable power combined with energy 
storage would supplement the baseload natural gas plant, only the natural gas plant would have 
to be sized to provide 3200 MW of baseload power. The renewable energy facility and energy 
storage facility could be sized for a smaller generation capacity, provided that the natural gas 
plant is kept in operation at a level that would maintain the collective 3200 MW of baseload 
power. The two scenarios of combining renewable energy, energy storage and natural gas power 
production are reviewed in the following subsections.
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9.2.2.11.4.1 Renewable Energy Sources Combined with Storage and Supplemented by 
Natural Gas Power Generation

The concept behind this alternative is that the primary baseload power could be produced by 
solar or wind units with some of the excess energy placed into storage and from the charged 
energy storage facility.  The natural gas plant could be activated when the wind and solar power 
is interrupted and the stored energy supply exhausted. The natural gas plant could also be used 
as supplemental load when the energy available from either the renewable energy source or 
energy storage facility is at some level below the targeted 3200 MW.

As discussed in Subsections 9.2.2.11.3.1 and 9.2.2.11.3.2, neither wind power with storage nor 
solar power with storage is capable of providing baseload power comparable to CPNPP Units 3 
and 4. In fact, there may be periods of time at which the renewable source may be unavailable 
and the storage units are depleted and there may be no energy generation possible. When the 
renewable power and storage units cannot produce sufficient power, a natural gas plant capable 
of generating 3200 MW of power would be needed under this alternative. This alternative, to 
provide baseload power comparable to CPNPP Units 3 and 4, would require:

• a 3200 MW renewable power plant (either wind or solar) to generate power when the 
renewable resource is available;

• a 3200 MW storage facility (either CAES with wind power or molten salt storage with solar 
power) to generate power when the renewable resource is not available; and

• a 3200 MW natural gas power plant to generate power when the renewable resource not 
available and the storage units are depleted and the baseload power cannot be 
generated.

Therefore, this alternative combination would increase the environmental impacts as compared 
to the alternative of generating 3200 MW of power from a natural gas plant alone.  The 
alternative of using natural gas supply to provide baseload power comparable to CPNPP Units 3 
and 4 was fully evaluated in Subsections 9.2.2.10 and 9.2.3.2. As discussed in those 
subsections, if a natural gas plant could generate baseload power comparable to CPNPP Units 3 
and 4, the natural gas plant would not be environmentally preferable to CPNPP Units 3 and 4. As 
discussed below, supplementing the natural gas plant with either wind or solar power, with 
energy storage units, would not change the conclusions of those subsections, namely that 
natural gas generation is not a preferable alternative capable of generating baseload power 
comparable to CPNPP Units 3 and 4.

Criterion 1 - Developed, proven, and available in the relevant region ERCOT

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has been 
developed as a baseload energy provider. If properly sized, a natural gas power plant could 
generate baseload power comparable to CPNPP Units 3 and 4 without the need for solar or wind 
power generation or energy storage. However, as discussed in Subsections 9.2.2.11.3.1 and 
9.2.2.11.3.2, neither wind power with CAES storage nor solar power with molten salt storage are 
developed, proven, or available in the relevant (ERCOT) region or any other area in the United 
States. Therefore, a renewable power source combined with an energy storage option 
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supplemented by natural gas is not developed, proven, or available in the relevant (ERCOT) 
region.

Criterion 2 - Capacity equivalent to the planned generation

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has been 
developed as a baseload energy provider. If properly sized, a natural gas power plant could 
generate baseload power comparable to CPNPP Units 3 and 4 without the need for solar or wind 
power generation or energy storage. However, as discussed in Subsections 9.2.2.11.3.1 and 
9.2.2.11.3.2, neither wind power with CAES storage nor solar power with molten salt storage 
have the capacity to generate baseload power equivalent to the power to be generated by 
CPNPP Units 3 and 4. Therefore, a renewable power source combined with an energy storage 
option supplemented by natural gas does not have the capacity to generate baseload power 
equivalent to the planned generation from CPNPP Units 3 and 4; unless the majority of the 
baseload power was provided by natural gas plant with only intermittent power from the 
renewable source or the storage units.

Criterion 3 - Available during the same time frame

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has the potential 
to be available as baseload power within the timeframe determined for CPNPP Units 3 and 4. As 
discussed Subsections 9.2.2.11.3.1 and 9.2.2.11.3.2, neither wind nor solar power combined with 
storage options is available as baseload energy sources within the project timeframe.  Therefore, 
a renewable power source combined with an energy storage option supplemented by natural gas 
would not be available within the project time frame; unless the majority of the baseload power 
was provided by natural gas plant with only intermittent power from the renewable source or the 
storage units.

Criterion 4 - No unusual environmental impacts or exceptional costs

The potential environmental impacts associated with wind power combined with a CAES facility 
and with solar power combined with a molten salt storage facility are discussed in Subsections 
9.2.2.11.3.1 and 9.2.2.11.3.2, respectively. The potential environmental impacts that could be 
attributed to natural gas power generation are discussed Subsections 9.2.2.10 and 9.2.3.2.

Combining either wind or solar power with natural gas generation with an additional energy 
storage facility would result in cumulative impacts since each technology would have to have the 
capacity to produce 3200 MW of power individually. As discussed in Subsection 9.2.2.11.3.1 and 
9.2.2.11.3.2, LARGE impacts on land use, aesthetics, ecological resources, protected species 
and cultural resources would be, expected from either wind or solar power with storage. 
MODERATE impacts on water quality, air quality, and waste management could be expected 
depending on which of the renewable power options is used. Solar power generation with 
storage could have a LARGE adverse socioeconomic impact, as discussed in Subsection 
9.2.2.11.3.2.

As discussed in Subsection 9.2.2.10, the use of natural gas as the energy source is expected to 
have SMALL to MODERATE impacts on land use, ecological resources, protected species, 
human health, aesthetics, cultural resources, water quality, waste management, air quality, and 
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socio-economics. As discussed above, the technology combination alternative would require the 
renewable power plant, the energy storage units, and the natural gas plant must all have the 
capability to produce 3200 MW of energy in order to provide baseload capacity comparable to 
CPNPP Units 3 and 4. Therefore, the construction-based impacts of the renewable power 
source, the storage facility and the natural gas plant would be cumulative and additive. The 
operational impacts of the renewable and storage mechanisms would also be additive. The 
operational impacts of natural gas would be reduced, because the natural gas plant would not be 
operating when the renewable and storage mechanism are operating. Therefore, under this 
alternative, the adverse environmental impacts are expected to be either MODERATE or LARGE 
for a number of environmental parameter except for possibly gaseous emissions and human 
health, which might be reduced to SMALL due to the reduction in operation of the natural gas 
component of the combination.

Based upon the evaluation criteria discussed above and in Subsections 9.2.2.1, 9.2.2.2, 
9.2.2.10, and 9.2.3.2, a renewable power technology (such as wind or solar power) in 
combination with a storage technology (such as CAES or molten salt batteries) and 
supplemented by natural gas is not considered to be a reasonable energy alternative to the 
proposed project. First, such a combination of power technologies, as a single project, is not 
developed, proven, and available in the relevant region (ERCOT) or even in other areas of the 
United States. Second, such a combination of power technologies, as a project, has not been 
proven to provide power generation capacity equivalent to CPNPP Units 3 and 4. Third, such a 
combination of power technologies, as a project, with the capacity to generate baseload power 
equivalent to CPNPP Units 3 and 4 is not considered to be available during the same time frame 
as the proposed project. Finally, if such a power project where feasible, such a combination of 
power technologies, as a project, would be expected to have significant adverse environmental 
impacts and would not be environmentally more preferable than CPNPP Units 3 and 4.

9.2.2.11.4.2 Natural Gas Power Generation Supplemented by Renewable Energy Sources 
Combined with Storage

Under this alternative, the primary source of the 3200 MW of baseload power would be 
generated from a natural gas-fired power plant. When available, power from the renewable 
power source and the energy storage facility would be used to supplement the power generated 
from the natural gas power plant, thereby reducing the operation of the natural gas power plant. 
The energy storage facility can be charged from either the natural gas power plant or the 
renewable energy source, when sufficient renewable energy is available. This alternative, to 
provide baseload power comparable to CPNPP Units 3 and 4, would require:

• a 3200 MW or lesser capacity renewable power plant (either wind or solar) to generate 
power when the renewable resource is available;

• a 3200 MW or lesser capacity energy storage facility (either CAES with wind power or 
molten salt storage with solar power) to generate power when the renewable resource is 
not available; and

• a 3200 MW natural gas power plant to generate baseload power that could be ramped 
back when supplemental power is available from the renewable resource and the energy 
storage units.
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Since this alternative would require both renewable energy facilities and energy storage facilities 
in addition to a 3200 MW natural gas power plant, this combination technology alternative would 
have greater environmental impacts than just a natural gas power plant alone.

The alternative of using natural gas supply to provide baseload power comparable to CPNPP 
Units 3 and 4 was fully evaluated in Subsections 9.2.2.10 and 9.2.3.2. As discussed in those 
subsections, if a natural gas plant could generate baseload power comparable to CPNPP Units 3 
and 4, the natural gas plant would not be environmentally preferable to CPNPP Units 3 and 4. As 
discussed below, supplementing the natural gas plant with either wind or solar power, with 
energy storage units, would not change the conclusions of those subsections, namely that 
natural gas generation is not a preferable alternative capable of generating baseload power 
comparable to CPNPP Units 3 and 4.

Criterion 1 - Developed, proven, and available in the relevant region ERCOT

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has been 
developed as a baseload energy provider. If properly sized, a natural gas power plant could 
generate baseload power comparable to CPNPP Units 3 and 4 without the need for solar or wind 
power generation or energy storage. However, as discussed in Subsections 9.2.2.11.3.1 and 
9.2.2.11.3.2, neither wind power with CAES storage nor solar power with molten salt storage are 
developed, proven, or available in the relevant (ERCOT) region or any other area in the United 
States. Therefore, a 3200 MW baseload power operation consisting of a natural gas power plant 
supplemented by a renewable power source combined with energy storage is not developed, 
proven, or available in the relevant (ERCOT) region.

Criterion 2 - Capacity equivalent to the planned generation

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has been 
developed as a baseload energy provider. If properly sized, a natural gas power plant could 
generate baseload power comparable to CPNPP Units 3 and 4 without the need for solar or wind 
power generation or energy storage. However, as discussed in Subsections 9.2.2.11.3.1 and 
9.2.2.11.3.2, neither wind power with CAES storage nor solar power with molten salt storage 
have the capacity to generate baseload power equivalent to the power to be generated by 
CPNPP Units 3 and 4. Therefore, although a renewable power source combined with an energy 
storage option supplemented by natural gas does not have the capacity to generate baseload 
power equivalent to the planned generation from CPNPP Units 3 and 4; the option of producing 
the majority of the baseload power from a natural gas plant with only intermittent power from the 
renewable source or the storage units might be feasible. This conclusion assumes that such a 
combination of energy technologies is feasible.

Criterion 3 - Available during the same time frame

As discussed in Subsection 9.2.2.10, in the ERCOT region, natural gas energy has the potential 
to be available as baseload power within the timeframe determined for CPNPP Units 3 and 4. As 
discussed Subsections 9.2.2.11.3.1 and 9.2.2.11.3.2, neither wind nor solar power combined with 
storage options is available as baseload energy sources within the project timeframe.  Therefore, 
although a renewable power source combined with an energy storage option supplemented by 
natural gas would not be available within the project time frame; an option in which the majority of 
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the baseload power was provided by natural gas plant with only intermittent power from the 
renewable source or the storage units may be available within the project time frame. This 
conclusion assumes that such a combination of energy technologies is feasible.

Criterion 4 - No unusual environmental impacts or exceptional costs

The potential environmental impacts associated with wind power combined with a CAES facility 
and with solar power combined with a molten salt storage facility are discussed in Subsections 
9.2.2.11.3.1 and 9.2.2.11.3.2, respectively. The potential environmental impacts that could be 
attributed to natural gas power generation are discussed Subsections 9.2.2.10 and 9.2.3.2.

The technology combination of a natural gas plant capable of generating 3200 MW of baseload 
power supplemented by a renewable energy source combined with an additional energy storage 
facility would result in cumulative construction and land use impacts that would be greater than 
the impacts caused by a 3200 MW natural gas power plant alone. As discussed in Subsection 
9.2.2.11.3.1 and 9.2.2.11.3.2, LARGE impacts on land use, aesthetics, ecological resources, 
protected species and cultural resources would be, expected from either wind or solar power with 
storage. The magnitude of these impacts could be moderated if the installed generating capacity 
of the wind and solar facilities were reduced and replaced with additional natural gas power 
generating capacity. However, in such an event, the reduction in construction impacts would be 
offset by the increase in the operational impacts resulting from the combination of the power 
technologies due to the greater use of natural gas.

As discussed in Subsection 9.2.2.10, the use of natural gas alone as the energy source is 
expected to have SMALL to MODERATE impacts on land use, ecological resources, protected 
species, human health, aesthetics, cultural resources, water quality, waste management, air 
quality, and socio-economics. As a result, a natural gas plant alone is not an environmentally 
preferable alternative to CPNPP Units 3 and 4.

If a renewable energy source combined with an energy storage facility were used to supplement 
the operation of a natural gas plant, the impacts from the operation of the natural gas plant on 
water and air quality would be reduced relative to the impacts of operating a natural gas plant 
alone. However, even under the best case scenario involving the lowest level of operation of the 
natural gas plant, the combination of power technologies would not be environmentally 
preferable to CPNPP Units 3 and 4 due to the environmental impacts associated with land use 
combined with the cumulative impacts of the three technologies. As the use of natural gas 
increases in this technology combination, the impacts on air and water quality increase. As the 
use of the renewable energy source and energy storage facilities increases in this technology 
combination, the impacts associated with land use increases. Thus regardless of the mix of the 
technologies, the combination of natural gas with renewable energy sources and energy storage 
facilities would not be environmentally preferable to CPNPP Units 3 and 4, even if it were feasible 
to generate comparable baseload power through these technology combinations.

Based upon the evaluation criteria discussed above and in Subsections 9.2.2.1, 9.2.2.2, 
9.2.2.10, and 9.2.3.2, the option of combining a natural gas power plant with a renewable power 
technology (such as wind or solar power) in combination with a storage technology (such as 
CAES or molten salt batteries) is not a reasonable energy alternative to the proposed project. 
First, such a combination of power technologies, as a single project, is not developed, proven, 
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and available in the relevant region (ERCOT) or even in other areas of the United States. 
Second, such a combination of power technologies, as a single project, has not been proven to 
provide power generation capacity equivalent to CPNPP Units 3 and 4, unless the vast majority 
of the power is generated by natural gas. Third, such a combination of power technologies, as a 
single project, with the capacity to generate baseload power equivalent to CPNPP Units 3 and 4 
is not considered to be available during the same time frame as the proposed project unless the 
vast majority of the power is generated from natural gas. Finally, if such a power project where 
feasible, such a combination of power technologies, as a single project, would be expected to 
have significant adverse environmental impacts and would not be environmentally more 
preferable than CPNPP Units 3 and 4.

9.2.2.11.5 Conclusions of Combining New Generation Power Sources with Storage

A number of potential combinations of renewable energy sources with energy storage facilities 
either with or without natural gas have been evaluated and discussed in the preceding 
subsections. The use of solar or wind power combined with energy storage options and 
supplemented by natural gas to provide baseload power comparable to that proposed for 
CPNPP Units 3 and 4 has been evaluated and discussed in the subsections above. The use of 
natural gas supplemented by a renewable energy source in combination with energy storage has 
been evaluated and discussed in the subsections above. This evaluation does not change the 
conclusions in Subsections 9.2.2.1, 9.2.2.2, 9.2.2.10, 9.2.3.2 and 9.2.3.3 that natural gas, wind, 
solar; and energy storage either individually or in combination, are not viable alternatives that 
could both produce baseload power comparable to that generated by CPNPP Units 3 and 4 and 
be environmentally preferable to CPNPP Units 3 and 4. Renewable energy sources combined 
with energy storage facilities, operated either with or without natural gas, capable of generating 
baseload power comparable to CPNPP Units 3 and 4 are not environmentally preferable 
alternatives to CPNPP Units 3 and 4.

When compared to standard baseload options such as nuclear, natural gas and coal generation, 
none of the combinations of a renewable energy source with an energy storage technology can 
provide equivalent baseload electricity.  Options which rely on renewable energy sources and 
energy storage are best suited for power peaking or stabilizing purposes. Renewable energy 
sources and energy storage options are not currently, or projected to be, used for baseload 
power applications.

9.2.3 ASSESSMENT OF ALTERNATIVE SOURCES AND SYSTEMS

Luminant has identified a broad range of strategies to generate baseload power. Subsection 
9.2.2 discusses the pertinent options addressing the particular need for power to be addressed 
by the proposed CPNPP Units 3 and 4. This subsection further evaluates the environmental 
effects from the reasonable alternatives and compares them to the proposed CPNPP Units 3 
and 4. For the reasons discussed in Subsection 9.2.2, these alternatives are coal and natural-
gas-fired generation. The environmental impacts discussed in this subsection and summarized in 
Table 9.2-1 are representative of the alternate energy sources. 
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However, per NUREG-1555, a full-cost benefit analysis is not required, as none of the 
alternatives have been found to be environmentally preferable.
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