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Main Findings and Recommendations

CPS Energy has been making increasing commitments to renewable energy and to efficiency. It
is already a leader in wind energy, since it has the largest wind energy capacity of any municipal
utility in the United States. In June 2008, CPS Energy announced its intention to double its
renewable capacity to 1,200 megawatts (MW) by 2020. This report examines the potential for
energy efficiency and renewables to meet projected electricity demand in the CPS Energy
service area up to 2020 — a process that would also clear the path for continued progress towards
a more fully efficient and renewable system after that date. It also compares the investment cost
in efficiency and renewables with the investment in a 40 percent share of the two nuclear units
that NRG Energy, Inc. (NRG) is proposing to build at the South Texas Project site near Bay City,
Texas.

Main Findings

CPS Energy is at a crossroads. If CPS Energy invests substantially in efficiency and renewables,
especially solar electric generation capacity (concentrating solar with heat storage and solar
photovoltaics), it will not need new nuclear capacity. If it decides to purchase 40 percent of the
proposed NRG nuclear units, its surplus capacity at peak in 2020, attributing zero value to wind
capacity, is estimated in this report to be almost 700 MW. Purchasing about 600 MW more of
renewables (implied by CPS Energy’s commitment to 1,200 MW of renewable capacity by
2020) and making investments in efficiency of several hundred MW would increase this surplus
capacity and could double it, (depending on the type of renewables purchased). A doubling of
surplus capacity to ~1,400 MW would lead to a reserve margin in the 35 to 40 percent range.
This is very undesirable as it would impose significant added costs on ratepayers. If CPS Energy
takes steps to firm up its substantial wind capacity, this would further increase surplus capacity.
Moreover, investments in efficiency and renewables along with the purchase of nuclear capacity
would keep reserve margins consistently well above its requirements. This means that cost
penalties would not be transient, but rather persistent.

A course of investing in new nuclear capacity is financially incompatible with the
substantial and already-announced CPS Energy commitments to efficiency and new
renewable energy. Therefore, CPS Energy is truly at a crossroads — one path leads to more
nuclear investment, the other to making efficiency and renewables the center of its
program to meet its customers’ needs. The latter is far less risky, more flexible, and more
economical.

Other Findings

1. With visionary and determined leadership, San Antonio can meet its electricity
requirements by relying on energy efficiency and renewable energy between now and
2020 and beyond.

2. The economic potential for efficiency, distributed storage, and combined heat and power
in existing and new buildings to the year 2020 in the CPS Energy service area is well
over 2,000 megawatts (MW). With strong and committed policies and strong programs,




lll. The Crossroads

CPS Energy faces a number of pressing issues with major reliability, financial, and
environmental implications, but the lack of baseload capacity is not one of them. CPS Energy’s
baseload capacity, defined as the sum of its nuclear and coal capacity in 2008 was about 2,500
MW. This will grow to 3,250 MW when the 750 MW Spruce 2 coal unit is added in 2010.

This conclusion can be derived from an examination of the pattern of CPS Energy’s peak and
minimum load days and projections of the patterns of these loads, assuming that they are not
changed by demand-side management or by external efficiency measures that are different from
historical patterns. The shapes of CPS Energy’s load curves were derived from ERCOT data for
peak and minimum demand for its entire service region for calendar year 2007, normalized to the
CPS Energy peak load for the same year. Mike Kotara in his interview with the author stated
that the CPS Energy load shape on the peak day was essentially the same as that of ERCOT and
was about 6.5 to 7 percent of ERCOT demand (see Attachment A). The CPS Energy peak load
for calendar year 2007 was about 7.1 percent of the ERCOT peak load.

Figure 4 illustrates shows the CPS Energy load on the peak day in calendar year 2007 (which
occurred during CPS Energy’s Fiscal Year 2008) derived from ERCOT data, normalized to the
CPS Energy peak load for that year.® The load on the peak day was projected at the 2003-2007
growth rate for peak load of 2.86 percent per year, rather than the much lower 2003-2008 growth
rate for peak load of 1.58 percent per year.” The 2010 baseload capacity and capacity at peak are
also shown. The 501 MW of CPS Energy’s wind capacity is entirely excluded from capacity at
peak. This zero credit for wind is a conservative assumption, made here to illustrate the issues at
hand. A portion of the 75 MW of wind capacity to be added in calendar year 2008 could be
counted towards peak potential, however, since the turbines are in a coastal area where winds
tend to blow during hot summer days. But no credit is taken for that in the calculations in this
report. This assumption is common to both the nuclear scenario and the efficiency and
renewables scenario and does not affect the financial comparison.

As an explanatory note, the 2010 capacity is used as a reference for both the New Nuclear and
Efficiency scenarios, since CPS Energy has already made firm commitments for the addition
new wind capacity (in calendar year 2008) and new coal capacity, currently scheduled for 2010.

¥ The reference ERCOT peak load day was August 13, 2007. The ERCOT data are on the web at
http://www.ercot.com/content/gridinfo/load/load_hist/2007 load by_load_area.xls (ERCOT 2008). The value of
CPS Energy’s peak load to which these data were normalized was 4,258 MW (CPS Energy 2007-08).

? The peak load decline in 2008 may have been weather related. Hence it is appropriate, if rather conservative, to
use the 2003-2007 peak load growth rate of 2.86 percent. As discussed below, this can be applied to the peak load
for 2007 or to the peak load for 2008.
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CPS Energy Peak Day Projections and Capacity, MW
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Figure 4: CPS Energy Peak Day Load Projections, Based on ERCOT Data Normalized to the 2007
Calendar Year CPS Energy Peak Load

Since we do not have data from CPS Energy regarding its electricity sales at peak times and
since the exact peak time is inferred rather than actual, we have assumed that CPS Energy makes
all its sales on the peak day to San Antonio customers. CPS Energy has consistently had about
200 MW or more of capacity available above its peak load plus 15 percent peak margin since
2003. If CPS Energy has made sales during peak times in 2007 or 2008, this would make the
projections below even more conservative. Finally, this analysis is on a business-as-usual basis —
it does not take into account any increases in efficiency that may be induced by changing energy
market conditions and building practices or by factors outside the control of CPS Energy, such as
a price on CO, emissions.

Figure 4 shows that the CPS Energy system will bump up against its peak load capacity in 2015,
when a fifteen percent peak margin is added to the peak load estimate for that year. The ability
to meet peak load is extended by one year, to 2016, if the peak margin is reduced to 12.5 percent,
which is the minimum required by ERCOT. On the other hand, if the calendar year 2006 (CPS
Energy FY 2007) is used as the base for projecting the peak load, the peak load plus 15 percent
peak margin equals capacity in the year 2014 (excluding wind capacity, as noted above).

Figure 5 shows projections for the minimum load day for 2015 and 2020, assuming for

simplicity that the minimum load day also generally follows the ERCOT load shape. Again, it is
clear that the 2010 baseload capacity suffices to supply the main load on the minimum load day.
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CPS Energy Minimum Load Day Projection, MW
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Figure 5: Minimum Load Day Projections, MW. Based on ERCOT load shape.

Overall, we may conclude that CPS Energy faces critical decisions as to how it is going to meet
its peak and intermediate load growth rather than its baseload growth in the next decade. Some
measures to reduce peak load growth will also reduce intermediate and baseload components,
while other measures will affect only the peak load, which occurs on summer afternoons as well
as intermediate load during summer nights, weekends and some other times of the year.
Installation of additional capital intensive baseload capacity will of course contribute to
additional capacity at peak times. But it will also create a significant surplus of baseload
capacity at other times of the year and greater pressures for larger off-system sales. This could
create significant risks, if there are no markets for the power.

In light of CPS Energy’s requirements for new peak load capacity, the primary metric that we
will use in this study is the satisfaction of peak and intermediate loads using a combination of
efficiency, storage, demand-side measures, and renewables compared to the purchase of a 40
percent share of the two nuclear units proposed by NRG. This 40 percent share would amount to
1,080 MW. In renewables, the emphasis is on solar capacity, since a part of this can be counted
against firm peak and intermediate load capacity.

IV. Efficiency and Demand - Preliminary Considerations

The business-as-usual projection that is used as the starting point of this analysis does not take
into account any energy efficiency considerations other than those being made in the market
place prior to 2008. They would be reflected in the historical growth rate used here. Efficiency
measures such as sealing ducts and installing high performance windows, insulation, and high
efficiency equipment in the residential sector can substantially reduce the load at peak times as
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well as intermediate load times. In the commercial sector, the main measures relate to lighting
and air-conditioning. To some extent, many of these measures also reduce demand at other
times of the year. Other measures, such as high efficiency refrigerators, would reduce baseload,
and hence also the load at peak times. Improved residential lighting would reduce load during
peak days, but this contributes only a small amount (relative to commercial sector lighting) to
peak load reduction at the peak time, which tends to occur on summer days in the late
afternoon.'’ There are also efficiency measures such as geothermal heat pumps, which would
substantially reduce electricity use in electrically heated homes in the winter, but not contribute
to reducing the summer peak load."'

While improved building standards and guidelines will contribute to better efficiency overall, the
assumption in this report is that the main efficiency measures in the residential sector
implemented via CPS Energy would be related to air-conditioning, including better windows,
insulation, etc. In the commercial sector, the peak contributions are made both by lighting and
air-conditioning, and we assume that the focus of investments will be in these sectors.

Demand-side management measures, such as air-conditioner cycling could also reduce peak
load. Demand response achieved through time-of-use pricing and smart meters (which CPS
Energy plans to install) would be over and above the reduction in demand achieved through
efficiency measures.

There are also demand-shifting measures, some of which may also save energy. Possibly the
most important technology that has finally emerged as a commercial technology is storage of
coldness in ice combined with central air-conditioning.'? This approach also serves to create
distributed storage. Ice Energy, Inc., makes such a device that can be backfitted into existing
commercial air-conditioners. Carrier and Trane currently make central air-conditioners that have
an extra heat exchanger that can be directly connected to the Ice Energy machine, while Lennox
and York will soon market such devices. We understand CPS Energy has recently begun
discussions with Ice Energy about possibly using this technology in the San Antonio service
area.”” This approach is discussed in a separate section.

Other measures to implement a smart grid could also contribute to demand response. For
instance, with a smart grid, the timing of use of some appliances such as clothes washers can be
controlled automatically to coincide with low demand periods. As another example, a concept
similar to Ice Energy’s is being developed in The Netherlands, as the Night Wind Project, to
make wind energy available at peak times. In this approach, the cold storage temperature is
reduced when wind-generated electricity is available, and the temperature is allowed to rise to
the normal cold storage level during peak hours by turning off the freezer. A laptop and special
software connect the cold storage with the utility. This device reduces cost and saves energy,

' As noted, CPS Energy load shape observations are based on ERCOT load shape. See Attachment A.

! Geothermal heat pumps would reduce air-conditioning load as well, but that load reduction is assumed to occur in
the KEMA analysis via higher efficiency air-conditioners.

12 The data for air-conditioners combined with ice-making were provided by Ice Energy, Inc., both in a PowerPoint
presentation (Ice Energy 2008) and by personal communication in a conference call on September 21, 2008. The
notes from that call were verified by e-mail correspondence with David Prezioso, VP, Strategic Business
Development and Ram Narayanamurthy, Director of Innovation (Prezioso and Narayanamurthy 2008).

13 Prezioso and Narayanamurthy 2008
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since it takes far less electricity to lower the temperature at night than in the day time.'* It also
lowers demand charges significantly, reducing electricity bills.

V. Efficiency — The KEMA Study

The 2004 KEMA study commissioned by CPS Energy made detailed estimates of the technical
potential and costs of individual efficiency measures in existing and new residential and
commercial structures as well as in industry. Since the industrial sector electricity use and
efficiency potential was judged to be rather small in the KEMA study,"” it is not addressed in this
report, which deals with overall considerations of investment strategy at the crossroads at which
CPS Energy and San Antonio find themselves.

The KEMA study made estimates of efficiency potential in terms of reduction in electricity use
and reduction in demand. It provided estimates of costs of installation of the equipment
associated with individual efficiency measures, such as improved lighting fixtures, high
efficiency appliances and air-conditioners, in residential and commercial structures. KEMA’s
levelized costs did not include CPS Energy’s program costs, such as rebates provided to
consumers, or CPS Energy’s costs to administer the program. This analysis includes program
costs and uses an inflation rate of 3 percent (the same as the KEMA study).

The KEMA analysis did not consider combined heat and power systems or demand-side
management and demand-side response. Renewable energy, except for solar thermal water
heaters, was also outside the scope of the study. Finally, the avoided cost of capacity considered
in the KEMA study was for a gas turbine power plant. While the focus of the KEMA evaluation
regarding demand was on peak load, many of the measures evaluated, such as efficient
refrigerators, reduce baseload and bring down the load at the peak time as well. Components of
other measures, such as efficient water heaters and lighting, also apply to baseload reduction. In
other words, an avoided cost comparison would need to take into account the avoided peak load,
but also a portion of the avoided baseload and intermediate load.

Figure 6 shows the electricity use and demand in the CPS Energy service area residential sector,
as estimated in the KEMA study. The estimates are for 2004 and were based on data provided
by CPS Energy, Texas residential sector data, and national data on end-use characteristics.

' For information about the Night Wind Project see http:/tno-refrigeration.com/pagelD 4054349 html.
'3 Industrial peak demand was estimated at 179 MW (KEMA 2004 page A-7), or less than five percent of the total.
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Figure 6: Estimates of Residential Electricity Use and Demand at the Peak Time for 2004
Source: KEMA 2004 Figure A-1 (page A-3)

The peak load share of the residential sector was estimated at about 58 percent of the total CPS
Energy peak load, while the electricity use share was considerably smaller, at about 43 percent of
sales in the CPS Energy service area. In other words, there would be a greater payoff in reducing
peak load from measures related to air-conditioning; there would also be significant energy
savings (and hence fuel cost savings for the utility). The peak demand per residential customer
works out to about 4.5 kW, on average.'® This is rather large. It is evidently driven mainly by
air-conditioning. As can be seen from Figure 6, air-conditioning represents only about 28
percent of annual residential electricity use, but it represents 81 percent of the peak load at about
the time of CPS Energy peak load. The KEMA electricity and peak demand savings potential
reflect this.

Figure 7 shows the KEMA estimate of residential demand and electricity savings potential for
2014, with 92 percent of the estimated economic savings coming for air-conditioning related
items.

' The number of residential customers in 2004 (about 536,000) was estimated from data in CPS Energy 2004-05.
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Residential Economic Demand Savings Residential Economic Energy Savings
Potential by End Use (2014) Potential by End Use (2014)
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Figure 7: KEMA Estimates of Demand and Electricity Savings for 2004
Source: KEMA 2004 page 3-4

The KEMA study estimated the economic residential peak demand savings of 953 MW by the
year 2014, almost all of it in existing housing. This amounts to about 1.8 kW per home. It
represents about 30 percent of the total residential peak demand. The increase in the number of
residential customers by about 10 percent from 2004 to 2007 would increase the potential to
about 1,050 MW. We note in this context that CPS Energy’s efficiency programs were still in
their very early stages in this period, so that growth in this period was more along business-as-
usual lines. We can therefore approximately shift the KEMA study results to the 2007 to 2017
time frame used in this study.

The main residential demand reduction technologies are as follows:

e High performance windows in homes with central or room air-conditioning

e Window film on homes with central and room air-conditioners

Testing and repair of heating and ventilation systems with central and room air-
conditioners as well as diagnostics and repair of duct systems

Attic venting in homes with central and room air-conditioners

Increasing ceiling and wall insulation

Whole house fans in homes with central and room air-conditioners

Ceiling fans

High efficiency central air-conditioners (with a Seasonal Energy Efficiency Ratio of 16
compared to a base case of 13) and high efficiency (“Energy Star”’) room air-
conditioners.

e High efficiency (“Energy Star”) refrigerators

As noted above, increasing the efficiency of residential lighting produces significant and
economical energy savings; however, its peak load reduction impact in the CPS Energy service
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area is modest since the peak load occurs on summer afternoons, during daylight. Other
measures, such as heat pump water heaters and solar water heaters also produce peak demand
savings. However, the KEMA estimate of the potential of solar water heaters in the overall
scheme of demand reduction is less than one percent of the technical potential. The March 2007
study of Texas efficiency and renewable energy potential by ACEEE estimates that the potential
for demand reduction due to solar water heaters at over ten percent.'’

A Florida study with measurements done in low-cost housing backfitted with a solar water heater
indicates that the potential may be larger than that estimated by KEMA and closer to that
estimated by ACEEE. Figure 8 shows the before and after daily demand pattern for this solar
water heater. The load profile was averaged over a long period — 1996 to 1998.
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Figure 8: Measured Hot Water Heater Electricity Demand in a Florida Low-Income

Residence, before and after Installation of a Solar Water Heater
Source: Reproduced from Makhijani 2007 page 82. Original source: Parker, Sherwin, and Floyd 1998.

15-min Hot Water Electric Demand (W)

Note that the reduction in demand at the time of system peak in the late afternoon is on the order
of half-a-kilowatt. The annual electricity savings are substantial. The simple payback time in
this case was 10.2 years at an electricity rate of 8 cents per kWh (which is similar to the
residential rate in San Antonio).

So long as the peak load is in the afternoon, solar water heaters may enable a significant demand
savings. These measured data were averaged from 1996 to 1998; the impact at peak on summer
days cannot be derived from them. But they do indicate a need for a site specific evaluation of
the potential of solar water heaters for demand reduction in San Antonio.

17 ACEEE 2007 Table 5 (page 33)
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A corresponding set of calculations can be done for the commercial sector. Figure 9 shows the
commercial end use estimates for 2004 made by KEMA.

Commercial End Use Composition
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Figure 9: KEMA Estimates of Commercial Electricity Use and Peak Demand for 2004
Source: KEMA 2004 Figure A-2 (page A-6)

The KEMA study estimates the economical commercial peak demand savings potential in 2014
as 249 MW, achieved primarily through lighting measures and secondly through air-conditioning
efficiency improvements. Figure 10 shows the results of the KEMA analysis. It is more difficult
to extrapolate the commercial demand savings potential to 2007 since we do not have a
breakdown of the number and types of commercial customers.'® Commercial electricity use
grew at about 1.7 percent per year in the 2003-2007 period. An assumption of an increase in
peak demand savings potential of about 5 percent (1.7 percent per year over three years) is
reasonable. This gives a total economic savings potential extrapolated to 2017 of about 260 MW
(rounded).

'8 We have inferred the number of commercial and industrial customers by calculating the number of residential
customers from data in CPS Energy 2007. However, the available data do not allow disaggregation of commercial
from industrial customers.
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Commercial Economic Demand Savings Commercial Economic Energy Savings
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Figure 10: KEMA Estimates of Economical Commercial Sector Peak Demand and

Electricity Use Savings for 2014
Source: KEMA 2004 (page 3-5)

The main technologies for peak demand reductions in the commercial sector, as estimated by
KEMA are as follows:

e A variety of lighting improvements, such as compact fluorescent lamps, high efficiency
luminaires, occupancy sensors that operate lighting, continuous dimming fluorescent
fixtures, and halogen and metal halide lighting

e Building improvements, such as window film and improvement building energy
management

e A variety of cooling system improvements, such as efficient chillers, motors,
programmable thermostats, and compressors.

The combined economic savings potential of the residential and commercial sectors up to the
year 2017 would be about 1,300 MW (rounded). The annual average increment economically
possible is about 130 MW. Extrapolating on this basis yields a total potential of about 1,700
MW (rounded) by 2020. This would include new residential and commercial buildings. But it
does not include technologies, such as combined heat and power or drastic reduction of peak
demand via coldness storage in ice.

Note that since prices of power plants have increased faster than inflation, while residential real
estate values have stagnated or fallen for the past two years nationally, the KEMA study
estimates of economical savings potential may be underestimates. However, this cannot be
determined with confidence without a detailed study specific to San Antonio. Any adjustment in
demand savings due to differential changes in cost since 2004 have not been taken into account
in this study.

20



The KEMA study used an avoided peaking capacity cost of $400 per kW for single stage gas
turbines (the figure was provided by CPS Energy)." This cost would be inappropriate today.
The rapidly changing cost picture, especially as regards differential cost of efficiency measures
relative to peaking avoided cost made it desirable to use more recent cost estimates for
efficiency. Hence, while we have used the KEMA efficiency measures as a starting point for the
evaluation of efficiency measures, we have used a more recent Texas study (see Section VIII
below) for cost estimates.

VI. Coldness Storage for Air-Conditioning and/or Wind
Energy

One important new technology provides a controllable demand response measure that in some
ways serves as a dispatchable power plant at times of peak load. The equipment on the demand-
side is an ice-making machine combined with an air-conditioner and associated control
equipment. This section is based on information from Ice Energy, unless otherwise noted.*

The basic machine now available can be backfitted onto to existing commercial compression air-
conditioning systems. On average, the device shifts a 6 kW load from peak load time on a hot
day with maximum temperature of 105° F, as is typical of the hottest days in San Antonio to an
off-peak period. The unit costs $8,500 plus average installation costs of $3,000 to $4,000.
Installation costs are a lot lower (up to 75 percent lower) if new machines have the second heat
exchanger that is needed to integrate the ice unit with the air-conditioning system. In the
context of a smart grid, it could also shift the load from the peak period to periods when the wind
is blowing. This may be necessary in the context of using the technology to minimize CO,
emissions, since off peak load in the case of CPS Energy would be natural gas or coal-fired
capacity.

For large day-night temperature differences, the unit also saves between 3 and 15 percent in
electricity use. At moderate night-day temperature differences, a kWh stored at night is
recovered during the day. In other words, the modest efficiency improvement in performing the
cooling at night is approximately equal to the amount of energy needed to operate the pump
associated with the device at peak. In addition, transmission and distribution losses are avoided.
The 15 percent of capacity needed as reserve at peak time is also saved. The approach not only
serves to shift demand from peak to off-peak, but serves as a form of distributed energy storage.

The company is focusing on utility scale installations and aims to make the units in the markets
where large capacity demand for the product (~100 MW or more) exists. The installation costs,
as well as much of the manufacturing expenditures, would therefore remain in the area and create
local jobs, much in the manner of many other efficiency improvements.

' KEMA 2005 page A-8
% Ice Energy 2008 and Prezioso and Narayanamurthy 2008
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Ice Energy is only making a machine suitable for commercial applications (and very large
homes), but the machine can be adapted for residential central air-conditioning applications,
should sufficient demand exist.

Based on the analysis in KEMA, projected to 2007, we estimated that the commercial peak A/C
load was about 650 MW in that year and the residential A/C peak load was about 2,100 MW
(both rounded to the nearest 50 MW). The combined total of these loads under a business-as-
usual approach would grow from ~2,800 MW to ~3,800 MW by 2020 (rounded, assuming no
new efficiency or demand reduction measures). Well over 90 percent of the total by 2020 would
either be residential central A/C (single and multi-family residential structures)*' and commercial
A/C. The amount technically available for displacement by ice-making devices, would of course
be reduced by efficiency measures, such as improved lighting in the commercial sector and
improved insulation and windows in the residential sector. But the technical potential would still
be very large, possibly on the order of 2,000 MW after implementation of efficiency measures.
Only ten percent of this has been assumed to be implemented in the efficiency scenario, focusing
mainly on the commercial sector for which the current units are designed.

CPS Energy has substantial installed wind energy capacity (576 MW, of which only 75 MW is
coastal capacity, indicating that the availability of most of it at peak times is uncertain). Air-
conditioning with ice storage can be used as energy storage for wind. Since CPS Energy plans to
install smart meters, this may become feasible system-wide. In effect, the combination of wind
and distributed energy storage in ice could be the wind energy equivalent of concentrating solar
thermal power with molten salt or other forms of heat storage.

Other demand-side measures, such as air-conditioner cycling, consumer behavior change due to
adoption of smart meters, time-of-use rates, interruptible demand (also called “Load Acting as a
Resource”), etc., also provide opportunities for reducing peak and intermediate loads in the
summer. ACEEE estimates the demand response potential to be 13 percent of the peak demand
of ~105,000 MW in the year 2023. This indicates a potential of roughly 8,000 MW up to the
year 2020. This would correspond to a potential of ~560 MW for the CPS Energy system, or
about 45 MW per year. However, the potential for demand response load reduction would be
lower if substantial efficiency measures by 2020 are implemented throughout the system.
Further ice-air-conditioning systems are also in the nature of demand response devices and can
be integrated into time-of-use rates and utility systems with smart-meters. In the scenario
developed in this report, the only demand-response measure taken into account on a significant
scale is that of distributed ice-storage.

VIl. Combined Heat and Power

Texas is the leader in combined heat and power (CHP) in the United States. This technology
generally uses waste heat from a reciprocating or gas engine for heating and absorption air-

2! The KEMA study indicates about 90 percent of the residential peak A/C demand as attributable to central A/C
units. KEMA 2005, p. A-2.
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conditioning.”> CHP systems not only use energy much more efficiently than the electricity
production, electric compressor-driven air-conditioning, and space heating done separately, they
also reduce summer peak demand in systems with summer peaking and winter peak demand in
systems with winter peaking.

The KEMA study did not make an estimate of CHP potential in the CPS Energy service area.
The March 2007 ACEEE study points out that the very large amount of electricity generated in
CHP facilities in Texas is primarily from the industrial and electric power sectors.”> Very little
of it is produced in commercial sector buildings or in large residential apartment buildings, both
of which have significant potential for application of CHP systems. The recommendation of the
report for a Texas-wide CHP target was as follows:

Because of the benefits from expanded CHP, we recommend that Texas set a
target for additions to CHP capacity, much as the state has done for energy
efficiency and renewable energy resources. Therefore we propose that the state
establish a target of 250 MW per year of new CHP capacity for the next 15 years.
This policy would reduce the state’s system peak by a corresponding amount and
reduce the need for grid-supplied electricity by almost 2 billion kWh each year.**

Since CPS Energy is about 6.5 to 7 percent of the ERCOT demand at peak, a commensurate goal
for its service area would be 15 to 17 MW per year. However, industrial demand in the CPS
Energy service area is low. An approximate target of 10 MW per year between 2011 and 2020 is
suggested here for preliminary planning purposes, pending a site-specific evaluation in the CPS
Energy service area.

Adding the CHP recommendation to the efficiency potential, yields a total demand reduction
potential of 1,800 MW.

The ACEEE reports estimated the cumulative cost of 1,900 MW of new CHP capacity in Texas,
including program and administrative costs at about $3.2 billion, or about $1.7 million per MW
(2006 dollars), which gives a figure of $1.75 million per MW in 2007 dollars, assuming 3
percent inflation. ACEEE estimates that there is an almost one-to-one reduction in peak load
corresponding to installed CHP capacity,” which includes absorption air-conditioning.

VIIl. The Texas-wide ACEEE Estimate

The overall graph ACEEE analysis for Texas peak demand is reproduced in Figure 11.

*2 CHP plants with fuels cells are also coming into use, for instance, at the 292,000 square foot Verizon office
building in Garden City, NY (Verizon 2008 and CNET 2006).

» ACEEE 2007 page 17

** ACEEE 2007 page 30

> ACEEE 2007 pages 17-18
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Total 2023 Savings = 34 769 MW
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Figure 11: Overall Impact of Efficiency, Demand Response, and Renewable Measures

Recommended by ACEEE for Texas
Source: Reproduced from ACEEE 2007 page 22, with permission

Excluding the renewable energy portion of 3 percent, a total demand reduction of about 31,000
MW was projected to be achieved over 15 years, for an annual average reduction of about 2,100
MW per year (rounded). An indicative estimate for the CPS Energy service area can be derived
by noting that the CPS peak load is about 7 percent of the ERCOT load. By this measure, the
ACEEE study indicates an achievable economic demand reduction of about 150 MW per year.
Of this, ~100 MW would be efficiency measures, while the rest would be demand response.
This is lower than the 170 MW per year estimated from the KEMA report above because the
latter is economic potential rather than achievable potential. The ACEEE figures are much
higher than the achievable potential estimated in the KEMA report because the former are based
on policies that go far beyond voluntary adoption and rebates (see below).

The overall cumulative cost of all components of the program recommended by ACEEE
(efficiency, renewables, demand response) was $48.5 billion over 15 years, including customer
investments and program and administrative costs.”® This averages out to about $1,400 per kW.
The efficiency components alone work out to $1,476 per kW. The ACEEE study was done using
2006 costs; hence this 2006 value was escalated by 3 percent to arrive at the value of $1,520 per
kW in 2007 dollars used in the calculations in this report.

% ACEEE 2007 Table 6 (page 34)
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IX. Putting It Together

Since the basic issue confronting CPS Energy for the next decade is peak and intermediate
demand, the metric adopted here for analysis is the cost of efficiency, demand-side measures,
and renewable energy sources that would address the need for capacity at that time. Wind
energy is conservatively assumed not to contribute to reliable capacity at peak. Of course as
noted, wind energy can be firmed up using coldness storage, but that explicit connection is not
assumed for CPS Energy by 2020 in this report.

We have created two scenarios, extending out to the year 2020:

1. The New Nuclear Scenario
2. The Efficiency Scenario (which also includes solar PV and concentrating solar thermal
capacity additions).

In order to keep the scenarios comparable, we have kept the overall supply curves as close as is
practicable, within the constraint that any practical efficiency and distributed storage program
must be implemented in a modular way, with capacity being built up smoothly over time. In
contrast, the addition of the new nuclear capacity of 1,080 MW in the new nuclear scenario is by
its nature lumpy. Half of it is assumed to come on line in 2016 and the other half in 2017 (since
the capacity would come from two units). Since no efficiency or demand-side response
measures would be needed in the new nuclear case to meet capacity requirements to 2020, none
are assumed (see Section X for further discussion). To factor in additional efficiency measures
in the new nuclear scenario would simply increase the cost of both cases (given the constraint of
comparable cumulative surplus capacity).

In sum, the assumption that there are no added costs for efficiency and demand-side measures in
the new nuclear scenario provides a reasonable comparison, since no added capacity is needed
on the nuclear side up to 2020 and somewhat beyond.

Efficiency and demand-side measures have generally not been implemented on a large enough
scale to be major elements of an overall electricity services supply strategy. In other words,
efficiency has not been pursued on a scale and with the technical thoroughness needed to make it
comparable to large-scale generation units. This is because systems that use combinations of
rebates, incentives, and voluntary adoption typically have low penetration compared to the
economic potential. Further, such a system of rebates and incentives represents a net cost to the
utility and the costs can increase rates (though typically very slightly). The expenses are not
worked into the rate base as investments. There are no revenues to CPS Energy — and hence also
no revenue to the City of San Antonio, although there are remedies that could be implemented.
CPS Energy appears to be headed in a direction that could result in a large-scale implementation
of efficiency. This needs to be done in a manner that would make it technically and financially
comparable to new generation capacity. The policies needed are discussed in the Section XI.

The difficulty in improving the efficiency of existing homes is generally considerably greater
than that of new homes, for which improved building codes can be put into effect. A similar
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approach that encourages (and eventually requires) efficiency increases and demand-reduction
improvements in existing homes within a few months on either side of a sale could gradually but
substantially improve the housing stock. In 2007, about 4.7 percent of existing homes were sold,
despite the fact that the market slowed down considerably from the year before. Assuming a 4
percent turn-over rate, about 250,000 homes would be sold in the CPS Energy service area
cumulatively to the year 2020. In addition, over 100,000 new homes would be expected to be
built (assuming that housing can be projected from historical data).

In estimating the actual implementation of efficiency in a manner that would be compatible with
including efficiency in the rate base, we assume that residential efficiency measures would
largely be realized by energy audits and financing of improvements at the time of sale and by
working with landlords of rental units (see Attachment B for an interview as to incentives for
landlords).

The fraction of the total economic potential of 1,700 MW captured by 2020 will depend on the
policies adopted and the vigor with which efficiency measures are pursued. The current
approach of rebates and voluntary adoption will be highly unlikely to capture a significant
fraction of the potential. The City of San Antonio could authorize CPS Energy to issue
efficiency bonds. Investments in efficiency can then be included in the capital base, and
recovered either through electricity bills or a part of mortgage payments (if the cost of the
improvements becomes part of the sale price of the home). The goal should be for the payments
for efficiency measures and electricity to remain about equal to or less than the electricity bill
without efficiency improvements. Other suitable financial arrangements could also be devised.
The main goal would be to make efficiency investments financially on a par with investments in
generation both for CPS Energy and for the City of San Antonio.

The efficiency scenario assumes that only about 35 percent of the efficiency potential of 1,700
MW would be achieved by 2020. Distributed storage of energy in ice for reducing peak demand
and CHP installations would be in addition to that.

A reduction of load at the time of peak would also result in a correspondingly lower requirement
for reserve margin. This increases the demand savings by 15 percent for the efficiency and
distributed ice storage measures. We have not included a reduction in peak margin requirements
due to CHP but used a one to one peak demand reduction between CHP installed capacity and
peak load reduction. The characteristics of CHP in relation to peak load need to be established
for San Antonio to verify this assumption. The overall conclusion as to cost does not depend
significantly on it. The partition of demand reduction between efficiency, distributed ice storage,
and CHP are shown in Figure 12.
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Figure 12: Peak Demand Reduction in MW, in the Efficiency, Distributed Ice Storage, and
CHP Demand Reduction in the Efficiency Scenario

The total of these measures to 2020 would result in a reduction in generating capacity
requirements at peak of about 1,020 MW.

If large-scale tests (of several megawatts) of distributed ice storage do not result in performance
that is now indicated, greater emphasis can be place on efficiency measures and CHP to achieve
a similar total result.

As noted above, CPS Energy already has 576 MW of wind capacity. Apart from 75 MW in the
coastal area, the rest of this capacity does not appear to be well suited to providing firm capacity
(unless it is backed up by standby capacity, coldness storage, or similar technical measures). The
installation of solar PV and concentrating solar thermal power would complement the
investments in efficiency and demand-side measures as well as the wind capacity. In the
scenario for efficiency and CHP described above, CPS Energy could add 10 MW of solar PV
capacity per year, mainly in large parking lots and on commercial rooftops and a 200 MW
concentrating solar power plant (to come on line in the latter part of the next decade). The
resultant capacity scenario is shown in Figure 13.
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Figure 13: Capacity in MW, in the Efficiency, Distributed Storage, and Renewable Energy
Scenario for CPS Energy

Note that in computing the capacity of renewable energy available to meet peak demand, no
credit is taken for CPS Energy’s wind capacity. Solar PV is credited at 50 percent of installed
peak capacity and concentrating thermal solar power with heat storage is credited at 90 percent
of installed peak capacity.

The above reference scenario emphasizes a mix of approaches to incorporate diversity in the
efficiency, storage, and renewables portfolio and to allow San Antonio to build up the physical
and economic infrastructure that would enable it to continue to rely on efficiency, storage, and
renewables in the years beyond 2020.

X. Comparison of the New Nuclear and Efficiency Scenarios

In a previous IEER report, the capital cost of the 2,700 MW nuclear project proposed by NRG is
estimated at about $12.1 billion to $17.5 billion in 2007 dollars.*” For the purposes of the
comparison between efficiency and renewables on the one hand and nuclear on the other, a
portfolio of efficiency, solar photovoltaics, and concentrating solar thermal power plants was
compiled and its present value calculated. A nominal discount rate of 7 percent is assumed for
all calculations.”® The inflation rate assumed is 3 percent (same as the KEMA study). One
nuclear unit is assumed to come on line in 2016 and the other in 2017. In other words, no delays

27 The values are rounded in this report. A correction to the Makhijani 2008 report increasing the lower bound cost
from $12 billion to $12.1 billion is being issued.

?® This discount rate is lower than that assumed for a utility discount rate in the KEMA study (KEMA 2005
Appendix C). This is because CPS Energy is a municipal utility with excellent credit ratings.
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or costs attributable to delays are assumed. The range of capital cost for the nuclear project is
taken as $12.1 billion to $17.5 billion,29 and the same discount rate of 7 percent is used, with the
CPS Energy share being 40 percent of this amount for the purposes of the calculation.

All costs in both scenarios are escalated at a 3 percent inflation rate from the year 2007 to the
date of expenditure. Figure 14 shows the results. The present value of 40 percent of the NRG
project capital cost (that is, of CPS Energy’s share) works out to between $3.7 billion and $5.4
billion in 2007 dollars (using a discount rate of 7 percent).*

The costs of the various elements in 2007 dollars in the efficiency scenario per megawatt are as
follows:

1. Efficiency improvements -- $1.52 million per MW, including program costs, based on the
ACEEE 2007 Texas efficiency study, as discussed above. This includes program and
administrative costs.

2. Solar PV: $3.50 per peak watt, starting in 2010 installed in megawatt-scale units’'

3. Concentrating solar thermal power plant with molten salt storage: $3,500 per kW, * plus
$270,000 per MW for transmission costs (based on ERCOT $4.9 billion for about 18,000
MW)

4. CHP: $1.75 million per MW

5. Ice Energy’s ice-storage complement to central A/C: $2 million per MW installed.

In addition, an annual expenditure of $5 million in 2007 dollars is assumed for measurements,
verification, prizes for landlords and architects, publicity, and other promotions. The 2007 year
costs have been escalated at 3 percent per year to the year of expenditure, to account for
inflation. They are then discounted at 7 percent to yield a present value in the year 2007. The
total present value of investments in the efficiency scenario amounts to $2.3 billion.

The total present value investment in efficiency, storage, and renewables is about $2.3 billion
(rounded). The overall conclusion is that in this approach, the nuclear option would cost
between about $1.4 billion and $3.1 billion more than the efficiency, storage, and renewables
option.

Detailed tables for capacity and costs, both in current dollars and in present value discounted to
2007 are provided in Attachment D. Note that no capacity retirements are assumed in either
scenario.

%% Makhijani 2008

%% The present value is less than the simple capital cost in 2007 dollars, since expenditures to build the plant will take
place in future years. These expenditures have been discounted at 7 percent. See Table D-3 in Attachment D for
detailed calculations.

3! Southern California Edison’s project to install solar PV on warehouse rooftops starting in 2008 is expected to cost
about $3.50 per peak watt, installed (RenewableEnergyWorld.com 2008). No transmission investment is required.
Southern California Edison has chosen First Solar as its solar PV supplier. First Solar’s cost of making solar panels
is about $1.25 per peak watt (exclusive of installation and balance of system costs) — see First Solar 2007.

32 There are a variety of references for concentrating solar thermal power costs. See for instance, ACCIONA 2007,
APS 2008, Ausra 2007, and BrightSource Energy 2007. Additional information is also available at the California
Energy Commission website, http://www.energy.ca.gov.
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Figure 14: Comparison of the Present Value of the Capital Cost of an Efficiency and
Renewable Portfolio with a 1,080 MW Nuclear Power Plant

Figure 14 shows that the nuclear option would require between about 1.4 and 3.1 billion dollars
more investment in the coming decade. The result shown in Figure 14 is but one possible
scenario for combining efficiency, CHP, coldness storage, solar PV and concentrating solar
thermal power. Were greater emphasis to be put on existing homes, for instance by working
with landlord