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Forward

The Lyndon B. JohnsofLBJ) School of Public Affairs has established interdisciplinary

research on policy problems as the core of its educational program. A major part of this
program is the ninenonth policy research project, in the course of wioisbor more

faculty members from different disciplines direct the research of ten to thirty graduate
students of diverse backgrounds on a policy issue of concern to a government or
nonprofit agency. This fclient orientation
administrators, legislators, and other officials active in the policy process and

demonstrates that research in a policy environment demands special talents. It also
illuminates the occasional difficulties of relating research findings to the world of

political realities.

During the 2008009 academic year the City of Austom behalf of Austin Energy

(AE), and Solar Austin cdunded a policy research project to review options for AE to
achieve sustainable energy generation and become carbon neutral byg820nmary
report evaluates differepowergeneration technology options as well as derrsde
management and other AE investment options to discourage future energy use and meet
future projected energy demand. This project developettiods to evalduafuture

power generationptions for theifeasibility and coseffectivenessThe project team
assessed scenarios of alternat@stments that could be made between 2009 and 2020
that would allow AE to produce and distribute the electritggustomes demand at a
reasonable costhile reducing carbon dioxide emissions. This report describes a set of
shot-term and longerm investment optiorthat carhelp AE, its customers, and bé

use for developing sustainable electric utilities nationwide.

Thecurriculum of the LBJ School is intended not only to develop effective public
servants but also to produce research that will enlighten and inform those already
engaged in the policy process. The project that resulted in this report has helped to
accomplié the first task; it is our hope that the report itself will contribute to the second.

Finally, it should be noted that neither the LBJ School nor The University of Texas at
Austin necessarily endorses the views or findings of this report.

Admiral Bob Innan
Interim Dean
LBJ School of Public Affairs
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Chapter 1. Introduction: Assessing Resource Portfolio Options

In July 2008, Austin Energy (AE) released its proposed plan for meeting electricity
demand through 2020 while meeting the goals of the Austin Climate Protection Plan,
including achieving 700 megawatts (M\W) peak demand savings from energy

efficiency and conservation and meeting 30 percent of all energy needs through
renewable resources (including the addition of 100 MW of solar generation capacity).
The proposal also included a carbon dioxide {Gfap au reduction plan to limit C®
emissions to 2007 levetdJnder its proposal, AE would add 1,375 MW of new power
generating capacity by 2020, with only 300 MW coming from fefssiled resources.

Since releasing this plan, AE has made considerable effoetsggage its customers in a
public dialogue regarding the proposal and the future energy options for AE. With the
intent of providing additional information to the public on the scope of power generating
technologies and other investment opportunitiesecily available to electric utilities,

AE and Solar Austin have tasked this project team from the Lyndon B. Johnson School of
Public Affairs to articulate alternate strategies for meeting future energy needs with low
cost sources of energy that will reéugreenhouse gas (GHG) emissions. The goal of this
volume of the report is to identify feasible and eeff¢ctive investment opportunities for
AE that can help contribute to the creation of a sustainable electric utility. This analysis
has set the targef achieving zero net C&missions byY020 as an interim goal towards
achieving a sustainable power generation portfdliee energy resource mix that AE
implements in the future will represent a major portion of its cost of service and will be a

significant contri butor to either increasing or

resources used and technologies implemented will influence how AE and Austin are

perceived as a sustainable utility and a sustainable city, respedively.t her mor e, AFE
futurem wer generation mix will affect cust ome

contribute assets to the City of Austin budget.

InVolumellof this report, ASustainable Energy C
i nformati on was ggehehaton mixlanwits cukeit@ffortsgochandle
customer demands, electric utility industry trends that may affect future planning at AE,

and various power generation technologies. Our assessment of energy options for AE

provides the basis for evaluatihghe i nt egrati on of future sou
power generation resource portfolio. This report seeks to evaluate the benefits and
consequences that these decisions could have for the future of the utility and the Austin
community. New technologieontinue to improve efficiency and reduce emissions from
fossiltfueled and other traditional power generation options while renewable technologies
continue to lower in costs and increase in attractiveness as a cleaner form of energy. New
prospects for elédc generation and increasing societal pressure to provide clean energy

to customers have altered the playing field for power generation investment options.

Having a clear and concise understanding of the current state of all electric generation
technologes, as well as the ability to anticipate further advancements to these and other
energyrelated technologies, is crucial for making informed and intelligent investment
decisions. While each power generation technology has proponents and opponents, this



report seeks to provide an unbiased perspective by presenting comparative information
regarding the advantages and disadvantages of each type of power generation technology.

AE makes investment decisions to ensure their power generation mix can reliably mee
demand at affordable electric rates for customers. AE now also has incentives to replace
current power generation facilities with cleaner forms of energy in order to meet its
renewable energy and carbon reduction goals as well as the goals outlinedhogtin
Climate Protection Plan. New power generation facilities can take many years to site,
gain regulatory approval, and construct. Time constraints create a need ftriong
planning, foresight into the future regarding costs of power generatiomaegies, and

an awareness of the risks and uncertainties that exist in the electric utility and energy
sectors. Investing in power generation technologies and facilities benefits a utility by
allowing it to control its own assets, reap future profitsl @eet regulatory and societal
demands. Investing in relatively immature power generation technologies and facilities
that use renewable forms of energy such as biomass, solar, wind or even geothermal can
be made through power purchase agreements (PPAle Blth agreements do not allow
AE to directly control its own assets, PPAs provide a hedge against cost risks and other
uncertainties facing new power generation technologies. Although it is important for AE
to evaluate energy options both in the opersti sense as well as for purchase, we do

not go into such detail in this report. This report analyzes the costs of such technologies
and facilities based upon current cost estimates for construction and operation of new
generation facilities. Thereford,is assumed that, under a PPA, these costs will be
passed on to AE. Beyond investing solely in power generation technologies, AE also
faces opportunities to invest in demaside management (DSM) programs to limit its
projected increase in demand andneeist in infrastructure changes that enhance power
system reliability and flexibility.

Portfolio analysis has been identified as a mechanism that utilities can use to make future
generation planning decisiof#\pplying the portfolio approach allows decisimakers

to compare the impacts and tradeoffs that generation technologies have on different
objectives. Objectives for a public utility like AE include financial stability, providing
low-cost electricity to its customers, lowering emissions to proteatiironment,

meeting regulatory protocols, and satisfying political and public demands. Power
generation technologies may satisfy some of these objectives at the expense of others. For
example, while coafired power plants provide relatively inexpensared reliable energy

at all times of the day, this comes at the cost of high greenhouse gas emissions. While
wind energy does not emit pollutants and is becoming cost competitive witfiredal
electricity, it provides an intermittent source of energy tharently faces transmission
constraints, creating reliability of service concerns. The portfolio approach allows
decisionmakers to weigh the tradeoffs of different objectives and determine what set of
options provides the greatest achievement of sti@ed operational objectives at the

least cost to other objectives. The rationale for the portfolio approach is to analyze
uncertainties and risks associated with power generation technologies, make comparisons
of technologies based upon multiple objeesivand identify the ways in which

technologies can complement each other within a power generatidn mix.



In order to assess power generation resource portfolio options, we designed a user
friendly model to demonstrate the effects of power generationdémy additions and
subtractions made to AEG6s current resource
model is designed as a Microsoft Excel spreadsheet so that a potential user can modify
new facility inputs and select tabular and graphical outftnis. model allows different
resource portfolios to be compared based upon potential risks on system reliability, costs
and economic impacts, and societal concerns including the emission of GHGs into the
atmosphere. Specifically, this model allows the tis@nalyze the ability of a power
generation mix to meet demand (both annually and daily during peak demand), to
evaluate the C@emissions profile of the mix, and determine the anticipated costs of such
power generation investments. An explanation ohtle¢hodology used in the creation of

the model including the assumptions and limitations that were made follows.

The chapters that follow in this volume of the report show the impacts associated with
particular investment plans through a series of graptigables and provide a brief

analysis of the impact such changes would have upon system reliability, carbon

emi ssions, and costs of providing electric
resource plan to provi depoaerdermesmaohmx®e scenar
then look at six alternate strategies for investing in new energy sources that would further
reduce AEOGs carbon footprint and analyze t
(beyond AEOGs goal of 700 wbhbllW havé upah¢hemand s avi
necessity of these investments. We also conducted a sensitivity analysis for specific

power generation technology investments in a scenario, including associated outputs as
appendices to those chapters. From these evaluations, wedbersaveral conclusions

related to designing a sustainable utility. We then provide recommendations for

sustainable energy options for AE by selecting several different investment plans that

would provide reliable, cleaner energy with the intent of dewetpa carbon neutral

electric utility by 2020.
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Chapter 2. Austin Energy Resource Portfolio Simulator
Methodology

The electric utility industry has developed a
or optimize relevant variables, such as cost minimization or reliability maximization. Electric
utility modeling should link longerm resource and equipment planning, -teith operations
planning, and shoiterm real time operatiorisEach level of the process maintains an inherent
complexity that must be managed and linked together. temg resoure planning typically

involves a timeline of 5 to 40 years and involves balancing a power generation mix that can
satisfy forecasted loads coupled with DSM strategies. dterg resource planning is based

upon the loagservice function, construction costsdatime, fuel costs and dependability,
operational life and dependability, maturity, and any externalities involved with each generation
technology? Mid-term operations planning, typically involving a timeline of less than 5 years,
involves scheduling peer production and maintenance, securing fuel contracts, and deciding
when to start up and shut down power generating units.-8ortreal time planning involves
up-to-theminute dispatching of units and maintaining equipment by sustaining certainegltag
and frequencies. The entire process of traditional electric utility planning and modeling is
reflected inError! Reference source not found. Each box in the diagram represents a different
model that could be constructed, while many of the indivifluaitions can be satisfied
concurrently within one model.

Based on this detailed framework, the project team developed a simplifietelomgimulation

mod el (called the AAustin Energy Resource Por
reliabiityof AEO&6s power system, costs for investmen
carbon emission levels, while broadly addressing pertinertema operations concerns. The

intent of this model was to provide snapshots of the potential risks and un@Estagsociated

with system reliability and costs of a power generation mix. One can then compare generation

mixes and make a judgment regarding their ideal future resource portfolio. This model allows the
user to quickly run alternate scenarios for furit@nparisonAlthough AE can forecasts loads

on an hourly basis, this model does not have that level of accuraahtifRe planning is beyond

the scope of this projeaiven its dynamic nature and required levetiefail and information.

Theresulting nodel is a simulation tool, not an optimization model, meaning it does not choose

a power generation mix based on a certain optimized variable of interest. Optimization is beyond
the scope of this project, as it would require defining a mix of power gemgetathnologies as a
function of bothcosts and emissionvarying in time until 2020, while incorporating other leng

term planning factors mentioned previously.

Model Inputs

Based on the simplified model process reflecteigure2.2, a procedural process was

developed to determine the inputs required to develop the model. Capacity additions from
conventional and alternative power generating
produce power, while DSM strategies caduce forecasted demand. After a user determines the
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appropriate investments that allow AE to meet projected electricity demands along with other
concerns, the model predicts system reliability, carbon emissions, and costs associated with the
investmentsnade. A diagram of the final model components is includédgare2.3. A E 0 s
forecasted yearly peak demand and power generation needs are incorporated into the model to
demonstrate the ability of a power generation mix to maetdd.

The project team analyzed the availability of various energy sources and power generation
technologies to determine reasonable investment opportunities through 2020. The following fuel
sources and power generation technologies were included irothed:m

1 Coal (pulverized coal and integrated gasification combined cycle power plants with and
without a carbon capture and storage system),

1 Nuclear,

1 Natural gas (combustion gas turbines or combined cycle gas units),

1 Wind (onshore and offshore),

1 Biomass (usg wood waste),

91 Coal cafired with biomass (using wood waste),

1 Landfill gas,

1 Concentrated solar,

1 Solar photovoltaic (centralized facilities and distributed systems), and

1 Geothermal (binary cycle power plants).

Power plant characteristics for the Fayettewre r Pr oj ect , AEOSfireg xi ti ng [
power capacity, are represented as fAcoal 0 in
additions facilities also use coal, but are r

Al GCC w/ o Cg€&soi latepraésented by AE6s current
technology types in order to accurately portray capacity and carbon emission factors. Sand Hill

1-4 are combustion gas turbines, Sand Hill 5 is a combined cycle unit, Decker 1 antk2rare s

turbine units, and Decker CGT are combustion gas turbines. Power plant characteristics for the
South Texas Project, AEOs existing nuclear po
model. Compressed air energy storage, pumped hydropowity-sitéhle batteries, flywheels,

and fuel cells are also included in the model as energy storage technologies or facilities.

The simulation model operates by first scheduling a mix of energy resources to be implemented

to serve the electricaldemandneedsr AEG6s service area through ¢
subtract power producing capacities each year until 2020.-tesngplanning factors are

included by allowing the user to manipulate assumptions of load forecasts, technology

characteristics, costsna other factors, or choose a point in time in which to introduce a new

energy resource. Once the user has defined the variables and entered the scheduled additions or
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subtractions to AE6s power generatione.mi x thr
Figure2.4 shows a screenshot of the scenario schedule function of the model.

A user can select availability and capacity factors for each input, defining how often a facility

will operate at capacity during the course of ary&he capacity factor for intermediate and
peaking power sources (primarily natur al gas
scenario schedule is entered to help meet total yearly demand or to eliminate the necessity of a
particular power genation facility. Capacity factors for each resource or technology can be

adjusted by the hour to determine hourly electricity production for one peak demand day in 2020.
Capacity factors for AEOS naWeassuhetgaisaturblaci | it
gas additions are made as additions of wunits
technology characteristics as existing units.

Energy resources are assigned a cadapnvalent emissions factor per unit of electricity

produced [in metc tons of carbon dioxide equivalent per megashatir of electricity generated
(CO,-eg/MWNh)]. Yearly demand defaults to projections used internally by AE, but can be user
adjusted, as needed. Mul tiplying ebydhe resourc
amount of time the resource is used (capacity factor x hours/year) determines the annual amount
of electricity produced (in MWh/year). This can vary in time for each technology as the chosen
schedule of additions and subtractions dictates. El#ggtpmduction is then adjusted with a 5

percent loss to account for system average transmission and distribution losses (except for
distributed photovoltaic modules). Multiplying annual electricity produced by each resource or
facilityo6s actryieldsra direahcaha iemissionk profile (in metric tons/year)
forecasted to 2020.

The resulting series of outputs are as follows:
1 Annual power generation capacity from each resource and the overall mix through 2020,

1 Annual electricity productionrébm each resource and the overall mix through 2020,

=

An hourly load profile for meeting peak demand in 2020 with electricity production from
each resource and the overall mix,

A carbon emissions profile through 2020,
Potential annual carbon costs or prodite to impending legislation from 2014 to 2020,

Potential costs to offset remaining carbon emissions,

== == =4 =4

Annual capital costs of new facilities added to the mix (represented as total overnight
Costs),

Annual fuel costs of the mix, and

=

1 A range of expected ineases in the cost of electricity (represented as total levelized
costs of electricity) attributed to each resource and the magnitude of additions to the mix.



Model Outputs

Based on the input values, a number of calculations are performed to genegateetiation

capacity, electricity delivered, carbon emissions, and costs outputs for a scenario. The process by
which these outputs are generated, including any calculations used, is provided below. The list of
assumptions and limitations provided latethis document provides additional information on

the outputs.

System Reliability

The purpose of the first set of outputs and calculations performed in the modsdmditm if

the user defined a resource portfolio that allows AE to meet the peak teadstedrom 2009
through 2020These outputs gauge the reliability of the resource portfolio. The total nameplate
capacity of a particular resource in any given year is determined by summing the yearly power
generation facility additions or subtractidiegthat point and the base year (2008) nameplate
capacity of that resource. This combined nameplate resource capacity of the resource portfolio is
then compared with the projected peak load with and without DSM projections forecasted by
AE. AE projects thait will be able to meet its goal of an additional 700 MW of demand savings
by 2020. However, it is possible that AE will achieve more or less savings. For this reason, both
projection lines are included in the system reliability outputs, but the scemaeiadesigned to

meet demandhcluding DSM savingsThe following outputselated to system reliabilitgre

generated to demonstrate the ability of a particular power generation mix to meet projected
demand: a bar graph showiagnual power generation @ty from each resource or facility

and the overall mix through 2020 with projection lines of peak load with and without DSM; a bar
graph showing annual electricity production from each resource or facility and the overall mix
with projection lines of pdaload with and without DSM through 2020; an hourly load profile

for meeting demand during the peak day in 2020 with energy production from each resource or
facility and the overall mix with projection lines of peak load with and without D&,

compariso pie charts of total power generation capacity and electricity delivered by source in
2020.

The equation used for the output of electricity generation (MWh) is a summation of the
nameplate capacities of the resources and facilities that compose thregesou(MW)

multiplied by the respective capacity factors for the resources and facilities multiplied by 8760
hours (number of hours in a négap year). Capacity factors used in the model are provided in
Error! Reference source not found. The calculatin used for electricity generated for each
resource or facility is provided &sjuationl.

G=34 N,*CF *876C Equationl
Where: G = total electricity generated by generation mix in one year fff\W
Ni = nameplate capacity of facility (MW);
CFR = capacity factor; and
8760 = hours in a notleap year (hrs).



The actual electricity delivered to customers (in MWHhjakulated by takinghe result of

Equation 1 (MWh of electricity gengted,G) and subtracting estimaté@nsmissiorand
distributionline lossesA 5 percentransmission loss based on average estimates by AE and is
assumed to beonstant across all resourcegcept distributed solar PVotal electricity

delivered fo a particular year is calculated by summing upetleetricitygenerated by each
resource for that particular yedihe calculation used for total electricity delivery for a given
year is provided aBquation2.

D=G*(1- 0.05 Equation2
Where: D = total electricity delivered by generation mix in one year (MWh);
G = total electricity generated by generation mix in one year (MWh);
and
0.05 = system average transmission loss rate.

Equationl is used to determine the MWh of electricity generated without predicting how AE

will actually use the resource in a given year. Therefore, the user must adjust capacity factors for
intermediate power sources thatabtn have | i mited availability (7
power system), if necessary, to meet demand (or get as close to meeting total demand as

possible). For example, if a resource mix falls 10,000 MWh short of total yearly demand for
electricity,cpaci ty factors for AEOG6s natur al gas unit
be increased from their default 2007 values to meet this demand. Other factors that may
influence the dispatch of AEO6s nestandthathodagas f a
market are not considered by this model. As we do not know when, how often, or for what

period of time a resource will be used, the model assumes that usage will be based on a typical
range of usage factors for the resource. It is alamaesd that yearly capacity factor and

availability factors are constant from 2009 through 2020 for resources other than natural gas.

The peak hourly load profile output (assumed to be the hottest day in the summer) demonstrates

if a defined resource miXlaws AE to meet the typically worstase scenario of energy demand
forecasted for AE in 2020. The peak demand hourly load profile shape for 2007 was translated

from an hourly demand loanirve generated iy RCOT, and scaled down to
needdn 2020.1t is assumed that the peak demand hourly load profile shape for AE will stay the
same through 2020.

Hourly capacity factors during the peak day for the following resources are assumed constant:
coal, nuclear, biomass, landfill gas, geothermal, gurchased power. Hourly capacity factors

for natural gas sources are manually adjusted for each hour during the peak day to serve as
intermediate or backup power sources. Hourly capacity factors for wind and solar are based upon
an hourly load profile foeach respective resource, and pose a limitation when dealing with
intermittency discussed later in this section. The ability of the resource mix to meet the peak
demand hourly load in interim years, between 2009 and 2019, is not indrigieick 2.5 shows

hourly load profiles used in this model.



Carbon Dioxide Emissions and Carbon Costs

Carbon dioxide (Cg) emissions are calculated by taking the summation of the electricity

generated by each resourd®/{h) multiplied by thatresor ced6s car bon emi ssi on
eg/MWh). These calculations are based upon the carbon emission factors refer&moad in

Reference source not found.The summation of total direct G@missions is represented as a

line chart of CQ emissions by yeaiThe calculation used for G@missions is provided as

Equation3.

CE=§ G *EF Equation3
Where: C = total CQ emissions by resource mix in one year (metric tons);
G = total electricty generated by resourdejn one year (MWh); and
EF = carbon emission factor for resourcéCO,-eq/MWh).

Again, Equation3 does not fully take into account how AE may actually use the resource.
Purchase power emissioase not included in this calculation because no scenario was designed
to rely on purchased power. Omitting emissions from purchased power, however, is consistent
with the California Climate Action Registry requirements for reporting carbon emissions, which
AE currently uses to verify their emissions.

Esti mated annual c o antission®thiroughf2028 is repgresemtgd a®\eéebars C O
graph with a range of offset costs from $13 to $40. This range is based upon a general review of

the price of offsts in voluntary carbon markets in the United States and projections of future

offset costs if carbon regulation were to be implemented. It should be noted that under carbon
regulation it may be stipul ated tohscanbenl y a p
credited through offsets to meet emission reduction requirements. However, whether an entity
wishes to purchase offsets to reduce emissions beyond allowed amounts is their discretion. The
price of offsets could be influenced by carbon regulaanticularly by the structure of the

allowance market (i.e. percentage of credits versus percentage auctioned). For example, if carbon
regulation was passed, creating a 100 percent auction system, AE would have to purchase credits
for all of their emisins, essentially replacing the offset market. Such a system would bring into
guestion whether a wutility could purchase off
n e ut r Bhée daltwation used for offset costs is provided as Equation 4.

TOC=CE*OC Equationd
Where: TOC = total costs of carbon offsets in one year ($);
CE = total CQ emissions by resource mix in one year (metric tons);
and
oCc = carbon offset price ($/metric ton).

Estimatedannual costs or profits from G@missions are represented as a bar graph for the years
2014 through 2020. Costs or profits from £#nissions would only be applicable if carbon
regulation were to be passed by the federal or state government. Thehefavatput provides

only a representation of the estimated impacts of carbon regulation based upon analysis of the
LiebermanWarner Climate Stewardship and Innovation Act of 2007 completed by the
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Environmental Protection Agency (EPA). The percentageeatfitsr allocated versus auctioned is
based upon language in the Climate Stewardship and Innovation Act of 2Zh82&stimated

cost of allowances by year is based upon EPA analysis for the years 2015 and 2020 and
interpolated by AE for the remaining yeaetween 2014 and 202 he implementation year

for carbon regulation is estimated to be 2014, two years after the proposed implementation year
under the Liebermakvarner bill filed in 2007. Under our analysis, 2005 emissions would serve
as the baseline ye#or calculating emission reduction requirements. If AE were to emjtatO

levels greater than the amount provided by free credits under carbon regulation, they would have
to pay for each metric ton of G@mitted beyond the credited amount, multipligdthe cost of

carbon determined by the auction market. However, if AE were to reducejsn@ssions by

an amount that exceeded that of which was required for a given year they would be able to sell
their excess credits to other entities in the catbate market. We assume that carbon credits

that AE could potentially sell would be worth the same as those purchased at dineion.
calculation used for carbon allowance costs or profits is provided w@egtion5.

TCP=[EC- (CE* AC)]* AP Equation5
Where: TCP = total costs or profits of allowances [negative value indicates cost
and positive value indicates profit] ($);

EC = emissions cap (metric tons);

CE = total CQ emissions by resourceixnin one year (metric tons);

AC = percentage of allowance credits; and

AP = carbon allowance price ($/metric ton).
Costs

Expectedannualcapital costdor a particular investment plan is represented by a bar graph that
calculates the total overrigcosts of all power generation technology investments, summed over

a given year. Total overnight cost is the cost that would be incurred if a technology or power

plant facility could be built instantly. Overnight costs do not factor in financing charges

escalation in construction costs incurred during the time a plant is under construction. Capital
costs are assumed constant for all years through 2020 as 2008 estimates, that is, the model does
not account for projections of increases or decreasegitalceosts for a particular power

generation technology. Therefore, it is important to recognize the year in which an investment is
made and the anticipated construction time for a particular facility. The majority of capital cost
estimates come from apert released by the Congressional Research Service (CRS) in

November 2008, while some of the cost estimates for technologies such as energy storage come
from other sources. The CRS estimates are based upon a database of 161 recent pow2r projects.
Capitalcosts are represented in dollars per kilowatt of power generation capacity ($/kW). A
potential range of values is provided based upon the maturity of the technology. Capital costs for
particular power generation technologies are calculated by multiglygngower generation

nameplate capacity (MW) of a technology or facility by its capital cost estimate ($/kw x 1000
kw/MW). Capital cost estimates are provided able2.2 and references are provided with notes
included on capitatost ranges used in the model. Since some investments are evaluated as
additions to AEG6s current facilities (for coa
inaccurate due to cost reductions attributed to already owning the land and other Raisto
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possible that AE may invest in particular resources or power generation technologies through
power purchase agreements. For these instances, it is assumed that capital costs will be capture
by the contractAdditionally, profits earned throughetselling of ownership in a power plant

facility are not included in the moddlhe calculation used for capital costs is provided as
Equation6.

TCC=§ CCNG* N, *1000 Equation6
Where: TCC = total apital costs of new generation facilities in a given year ($);
CCNG= capital costs of new generation facility$);
\\7 = nameplate capacity of facility (MW); and
1000 = conversion factor (1000 kW/MW).

Fuel costs for a power generation rabe represented as dollars per megahaiir of electricity
generated ($/MWh). A potential range of fuel cost projections are primarily based upon Energy
Information Administration data converted to 2008 dollars. Fuel costs for a particular power
generatbn technology are calculated by multiplying the amount of electricity generated by the
facility by its fuel cost estimate, if it exists. Fuel costs only apply to biomass, coal, natural gas,
and nuclear technologies. Fuel cost estimates are providedblie2.2 and references are

provided with notes included on fuel cost ranges used in the model. The calculation used for fuel
costs is provided dsquation?.

TFC=J FC*G Equation?
Where: TFC = total fuel costs in a given year ($);
FC = fuel costs of generation facility($/MWh); and
Gi = total electricity generated by resourgejn one year (MWh).

A dual axis baand boxandwhiskersgraphis used to dewnstrate thexpected increase in

levelized cost of electricity by ye&or the overall mix due, attributed to investments in power
generation technol ogies and facilities. The i
cost of electricity thaits equivalent, on a present value basis, to the actual annual costs, which are
themselves variable. Components of levelized costs estimates include: the total cost of
construction including financing; the cost of insuring the plant; ad valorem propesty feved
operation and maintenance costs; fuel costs, and variable operation and maintenance costs. By
levelizing costs, one is able to compare technologies against one another more easily than by
comparing annual costs. The majority of the levelizedsdugtires are derived from a 2007

study conducted by the California Energy Commission to compare costs of central station
electricity generation technologi@evelized costs for energy storage technologies are not
available in the literature, so the mbtas rough estimates of such costs based upon their
combined usage with wind energy facilities.

The left side yaxis shows the expected increase in levelized costs of electricity in cents per
kilowatt-hour (cents/kWh) to the cost of producing electrici@ne can imagine that this is

anal ogous to an increase i n -axisshowstwbamer 6s el ec
percentage of total electricity generated in each year through 2020 comes from newly installed
facility installations that have taketage since 2008. This procedure allows new facilities to be
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weighted against existing facilities. For instance, imagine a scenario where a completely

overhauled AE replaces 95 percent of its existing facilities with new technologies through 2020.
Now, imagne a scenario where a very expensive technology is installed, but on a very small
scale, providing 1 percent of AEOGs electricit
will obviously increase the levelized cost of electricity many times ovéofithe minor

addition. Thus, expected increases in the costs of electricity are related to the amount of

additions that compose a particular power generation mix. However, decreases in the costs of
electricity attributed to the selling of ownership i@ plant facility are not included.

Equation8 outlines the cost estimation procedure.

4 G,.,0 & LCOE*G 0
LCOE, =%&n__ O« 000 _ 0 Equation8
e n 0 & f 0
%a Gi 0 e a Gnew (0]
C n - C 2009 -
Where: LCOE,= levelized cost of electricity in yeardue to additional gemation
facilities ($/MWh);
n = year in question;
Ghew = electricity generated by new facility since 2088y, in one year
(Mwh);
Gi = total electricity generated by facility,in one year (MWh); and
LCOE = levelized cost of electrity estimate of individual facility,,

($/MWh);

Economic Impacts

The economic impact projections for selected power generation mix scenarios were created with
the IMPLAN (IMPact analysis for PLANNIng) inpatutput program marketed by the Minnesota
IMPLAN Group (MIG, Inc) using industry and demographic data collected on the State of
Texas.

The resulting outputs were constructed using
function, which uses historical multipliers to project the impact of investmeativerse sectors.

In addition to the impacts within a particular sector, SAM can also project indirect impacts on
related industries and induced impacts driven by projected changes in household‘incomes

The key assumptions of the IMPLAN model are ¢ansreturns to scale, unconstrained supply,
fixed commodity input structure, homogenous output, and uniform industry techffology.

IMPLAN does not have data on the unique impacts related to renewable power generation
technologies. The multiplier assumptsofor the electric power generation, residential

maintenance and repair, and a@sidential construction sectors represent industry averages and
thus under represent the unique impacts of renewable power generation technologies. Given the
small market sh@& of honconventional power generation sources there is currently no reliable
method to isolate the impacts of investment in renewable power generation without manually
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adjusting the industry multipliers. A much less comprehensive impact analysis maydoeted

using the Job and Economic Development Impact (JEDI) model, a tool that was developed as a
joint venture between MIG, Inc and the National Renewable Energy Lab. The JEDI model may
be used to analyze the impacts of investment in coal plants, wémgye solar concentrating
facilities, or natural gas facilities.

The most important assumption regarding the inputs for each scenario run concerns the location
of the projected power plants. For the purposes of inputs into IMPLAN we are modeling all
investments in onshore wind and concentrated solar facilities in the counties encompassed by the
Electric Reliability Council of Texas Competitive Renewable Energy Zones. All natural gas,

solar photovoltaic (PV), landfill gas, and geothermal investments adteletbas being

constructed in the ten counties in the Capital Area Council of Governments. Investments in
integrated gasification combined cycle cbaked power generation plants with carbon capture

and storage technology and nuclear facilities are mddel®latagorda County, and investments

in biomass facilities are modeled in Nagodoches County.

The impacts for each scenario are projected by year for each development region. Investments
for capital outlay are assumed to take place in each of the e prior to the addition of

capacity, with the exception distributed solar PV, which is modeled as taking place in the year
capacity additions are added into the scenario schedule. Operation and maintenance costs are
accumulated to incur in the year imieh capacity is posted on the scenario schedule as well as
each successive year. In scenarios where the capacity at the Fayette Power Project coal plant is
reduced we only model the loss of output and employment and do not include any potential gains
incurred from the sale or lease of the facility.

Output impacts represent the total value of economic activity resulting from the grouped events.
Value-added impacts isolate employee compensation, proprietary income, and other property
type income such as rentoyalties, and dividends, and indirect business t2xgse monetary
outputs are discounted to 2007 dollars.

Assumptions of the Model

As previously noted, this model is intended to provide a relatively simple snapshot of the impacts

of making investmets in power generation technologies and facilitestefreape AEOGS r eso
portfolio by 2020. As such, many assumptions have been made due to data limitations and intent

of model simplicity. General assumptions made in the model follow.

System Reliabitiy:

1 Future peak demand is assumed to follow AE projections as estimated from AE
documents without specific data.

1 Future annual electricity generation is calculated based upon AE projections of future
peak demand, multiplied by 0.52a value determined enmmgally in the model
calibration process. This implies that the average yearly demand for the entire system is,
on average, about half of peak demand.

1 Actual energy produced is based upon generation capacity multiplied by capacity factor
multiplied by 87® (days in a year).
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1 A5 percent transmission lossapplied to all resourcégxcept distributed solar
photovoltaic modules) in calculating actual energy generated.

1 Efficiencies of technologies are assumed constant and based upon current estimates.

1 Hourly capacity factors for the following resources are assumed constant: coal, nuclear,
biomass, landfill gas, geothermal, and purchased power.

1 Hourly capacity factors for the following resources are manipulated as necessary or based
upon hourly load profilesiatural gas, wind, solar, and energy storage.

1 Capacity additions and subtractions are assumed to occur on the first day of the calendar
year (January 1) and G@missions are reported for each calendar year.

1 Peak demand hourly profile shape for 2020 istagon current peak demand profile
shape provided by the Electric Reliability Council of Texas (ERCOT) extrapolated to
projected 2020 peak demand projection provided by AE. Furthermore, spot wind and
solar profiles (not varying) are used to model hoaxgilability of these intermittent
sources.

1 Energy storage is not represented as additional generation capacity, but rather as a
mechanism to use excess electricity during a different period of the day. This can be
manipulated manually with the hourly loptbfile output.

Carbon Dioxide Emissions and Carbon Costs

1 Carbon emission factors are assumed constant and emission factors for current facilities
are based upon 2007 AE reporting.

1 Costs of offsets are provided as a range of potential values assumihictimeugh
2020.

1 Carbon regulation is assumed to become effective beginning in 2014 and costs or profits
of carbon are based upon the Lieberdddarner Climate Stewardship and Innovation
Act of 2014.

Costs and Economic Impacts

1 Capital, fuel, and levelizkcosts are assumed constant and are based upon current
estimates. Cost ranges are provided to account for potential cost fluctuations.

1 Capital costs are represented as total overnight costs for implementing a new technology
or constructing a new power plefacility.

1 The value of selling existing facilities (or ownership in existing facilities) is not
represented in the model.

1 Expected increases in levelized cost of electricity are calculated based upon the
percentage of electricity generated from curivéanew additions as a weighted
cumulative average of additions.
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Limitations of the Model

Again, due to the simplicity of the model and lack of data, limitations arose during the creation
of the model. The following limitations exist in the model:

SystemReliability:

1 Projected demand for actual energy delivered (in MWh, not peak power demand in MW)
is not based upon AE projections, but determined empirically.

1 Capacity factors can be adjusted yearly for the output of total electricity generation, but
are prticularly difficult to estimate for natural gas sources when they are used as a
backup power source for solar and wind or as an intermediate power source.

1 The peak demand hourly profile is provided only for the year 2020 and, therefore, does
not accounfor potential failure to meet peak demand in previous years.

1 The model only looks at the hourly load profile for peak demand during the summer and
does not account for other seasonal fluctuations in demand.

1 The model does not specifically deal with prttiatic failures or intermittency of wind
and solar resources.

1 Energy storage is currently modeled to only account for the storage of excess electricity
(usually wind). Therefore, it is not necessarily modeled as it would be actually used. For
example, eargy storage may be used to store baseload power sources at night for use
during the day due to cost incentives.

Costs and Economic Impacts

9 Capital costs for additions to existing facilities use data for total overnight costs for a new
facility.

1 All cost projections are based upon current cost estimates and, therefore, do not account
for potential future rises or drops in costs for particular technologies that are expected to
exhibit such changes as they become more widely adopted or as fuel prices.escalat

1 Levelized costs of electricitystimateslo not account for current costs of electricity by
source putratherby taking the cumulative weighted average of additions and its
expected impact on electric bills based upon percentage of overall eneegstgd
coming from additions.

1 Levelized costs of electricity for storage and DSM are not explicitly modeled. Rough
storage cost estimates are made by attempting to capture how the additional capital
costs, operation & maintenance costs, and any fuel wostisl be passed along if
storage technologies were built in conjunction with additional wind facilities. The rough
estimates come from manipulating inputs to the cost estimation model obtained from the
California Energy Commission.
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Model Scenarios

The gal of this volume of the report is to provide a comparison of different power generation

mix scenarios. The following chapters evaluate the impacts of seven different investment plans
compared to AEOGs proposed ener g¢ginthedfdlawing ce pl a
chapters. Because AEGs use of gamssdionssacddtheunt s f
primary intent of our project is to evaluate the options for AE to move towards a sustainable

electric utility with an interim goal of reactgrcarbonneutrality by 2020, the primary scenarios

all involve the eventual sale or | ease of AEOG
lone coalburning power source). The seven primary scenarios evaluated include: nuclear

expansion; high remeable investment; expected renewable investment; expected renewable
investment with energy storage; natural gas expansion; coal with carbon capture and

sequestration; and high renewables without coal and nuclear. Included with the primary scenario
analysesre appendices with the outputs for each major resource investment, separately for each
scenario. These appendices are intended to serve as a sensitivity analysis of eachTsdgeario.

2.3 lists the energy resource mix scenariloat follow in this report with sensitivity analysis

shown and major investments included. A chapter evaluating what impacts DSM savings beyond
AEG6s goal of 700 MW by 2020 would have upon t

AEG6s proposed amwaldady 1,37%aldtionalMegavpatts (MW) of generating
capacity by 2020, with only 300 MW coming from fosfsieled resourceS.The generation
capacity for 2008 includes AEO6s current power
gas and wind poer generation capacity in 2009 as well as the 100 MW biomass project

expected by 2012 have already been approved by the Austin City Council and contracted for
purchase or operation by AE. As a resource, biomass has a capacity factor similar to that of coal
and nuclear and can provide a reliable source of baseload {foles. generating capacity has

been contracted through a PPA to provide 100 MW of energy per year over a 20 year time period
at the total cost of $2.3 billion. The wind and natural gas pthadditions for 2009, planned

wind additions for 2011, the proposed centralized photovoltaic module system for 2010, and the
biomass project expected to be available by 2012 have been included in all potential scenario
runs. Cost projections for these aduhs are based upon general cost data for new power
generation plants, rather than the contractual agreements established by AE.
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Figure 2.1
Traditional Electric Utility Planning Model
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Figure 2.2
Simplified Model Processfor Power Generation Mix Analysis
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Figure 2.3
Diagram of Model Components
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Screenshot of Generate Scenario Function

Figure 2.4

Schedule of power generation additions and subtractions (net MW)
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Figure 2.5
Hourly Inputs for Peak Demand Hourly Profile in Model
(based on peak summer day)
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Summary of Peak Day Hourly Profiles Reference
ERCOT Demand 2007 ERCOT Planning Long-Term Hourly Peak Demand and Energy Forecast, May

Vick, B.D., Clark, R.N., Carr, D. 2007. Analysis of wind farm energy produced in the
United States. In: Proceedings of the AWEA Windpower 2007 Conference, June 3-6

Texas Wind Output Los Angeles, California. 2007 CD-ROM.
Analysis of Transmission Alternatives for Competitive Renewable Energy Zones in T
Offshore Gulf Coast Wind Output ERCOT, December 2006
Austin Solar Photovoltaics Output Austin Energy Resource Guide, October 2008.
The Value of Thermal Storage. February 20, 2003. Presentation, Platts Research &
CSP Thermal Storage Output Consulting
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Table 2.1
Model Inputs for Availability Factors, Capacity Factors, and Carbon Dioxide
Equivalent Emission Factors

CO,-e Emission
Availability | Capacity Factor (metric
Technology Factor Factor tons/MWh)
Coal 0.95°3 0.95* 0.94°
Nuclear 0.97¢ 0.2 0.00'8
Natural @s - Sand Hill 0.96" 0.267 0.38"
Natural gas- Decker 0.962 0.26° 0.58*
wind 0.95° 0.29° 0.00”
Offshore wnd 0.95%® 0.2¢° 0.00°
Biomass 0.90* 0.80°2 0.106°
Landfill gas 0.90* 0.80%° 0.00°°
Solar PV- centralized 0.99*' 017% 0.00%°
Solar PV- distributed 0.99% 017" 0.00"
Concentrateddar 0.99® 017 0.00"®
IGCC w/ CCS 0.8g* 0.95" 016"
Geothermal 0.94° 0.90° 0.00*
Fossil purchasegower 1.00” 1.00° 0.59"*
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Table 2.2
Model Inputs for Capital Costs, Fuel Cets, and Total Levelized Costs of
Electricity

Total Overnight Cost

Total Levelized Costs of

Technology ($/kW) Fuel Costs ($MWh) Electricity ($/MWh)
Coalpulverized (w/

scrubber technology) 2,485.08° 14.02° 90.00"
CoatGCC w/CCS 4,774.06° 13.17° 134.06°
CoatGCC w/o CCS 3,359.06" 13.17° 104.06°
Natural gas advanced

combustion turbines 473.06* 75.60° 248.52°
Natural gas advanced

combined cycle 1,186.00’ 50.37° 81.90°
Advanced nuclear 3,682.00° 4.89* 67.01°
Onstore wind 1,896.00° n/a 60.78*
Offshore wind 2,872.00° n/a 60.78°
Solar PV- centralized 5,782.00" n/a 116.23°
Solar PV- distributed-

thin film Unavailablé® n/a 101.56¢°
Concentrated solar

parabolic trough 2,836.08" n/a 15486 %
Concentrated solgstirling

dish 3,744.08 n/a 31216
Concentrated solgyower

tower 3,500.06° n/a 90.00°
Biomass 2,809.08" 25.37° 60.36°
Cofiring with biomass 275.00° 25.37" 20.00”
Landfill gas 1,897.06° n/a* 47.86"
Geothermal 3,590.08° n/a 67.18"
Pumped hydro storage | 2,379.08° n/a 48.01°
Compressed air energy

storage 675.00% n/a Unavailable
Battery storage 2,322.56% n/a Unavailable
Flywheel storage 4,004% n/a Unavailable
Purchased power Unavailable n/a Unavailable

Sources: See endnotes 50 through 97.
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Table 2.3

Primary Scenarios Run for Analysis

Resourceslechnologies
with Sensitivity

Major Additions and
Subtractions Through

Scenario Title Analysis 2020
Portfolio 1 AE Resource Plan None Add biomass, natural gas
solar, and wind
Portfolio 2 Nuclear Expansion Nuclear and natural gas  Nuclear replaces coal anc
AE resource plan
additions
Portfolio 3 High Renewales Onshore and offshore winc Very high investments in
concentrated solar power, biomass, geothermal,
centralized and distributed solar, and wind
PV, biomass, and technologies to replace
geothermal coal
Portfolio 4 Expected Renewables Refer to portfab 3 Expected available
sensitivity analysis investments in biomass,
geothermal, solar, and
onshore wind to replace
coal
Portfolio 5 Renewables with Various energy storage Expected renewables
Storage technologies coupled with energy
storage of wind teeplace
coal
Portfolio 6 Natural Gas Expansior Natural gas, cdiring Natural gas replaces half
biomass of current coal and AE
resource plan additions
Portfolio 7 Cleaner Coal IGCC without carbon IGCC with carbon capture
capture and storage and storage to replace
technology Fayette Power Project an
AE resource plan
additions
Portfolio 8 High Renewables Pulverized coal, IGCC witt High renewables to

without Nuclear

and without carbon capture
and natural gas
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assumed 20% higher and low estimates assumed 10% doweo mature technology status.

" Expected value estimate is from: California Energy Commission, Comparative Costs of California Central
Station Electricity Generation Technologies(June 2007). Online. Available:
http://lwww.energy.ca.gov/2007publicat®@EG200-2007-011/CEG200-2007-011-SD.PDF. Accessed: November
15, 2008. p. 7. High and low estimates are from: Lazard, "Levilized Cost of Energy An&dysisn 2.0 (June
2008). Online. Available:
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http://www.narucmeetings.org/Presentations/2008%20EMR#28ized%20Co0st%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. p. 9.

> Stan Kaplan. Congressional Research Service, Power Plants: Characteristics and Costs. November 13, 2008.
Online. Available: http://www.fas.org/sgp/énsisc/RL34746.pdf. Accessed: December 15, 2008. High estimates
assumed 20% higher and low estimates assumed 30% lower due to immature technology status.

® Assumed the same as onshore wind due to lack of information. Expected value estimate is fionmiaCali
Energy Commission, Comparative Costs of California Central Station Electricity Generation Technologies(June
2007). Online. Available: http://www.energy.ca.gov/2007publications/QEE2007-011/CEG200-2007-011-
SD.PDF. Accessed: November 15, 20087.pHigh and low estimates are from: Lazard, "Levilized Cost of Energy
AnalysisVersion 2.0 (June 2008). Online. Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Acedsdovember 15, 2008. p. 9.

" stan Kaplan. Congressional Research Service, Power Plants: Characteristics and Costs. November 13, 2008.
Online. Available: http://www.fas.org/sgp/crs/misc/RL34746.pdf. Accessed: December 15, 2008. High estimates
assumed 20%igher and low estimates assumed 20% lower due to immature technology status.

8 Expected value estimate is from: California Energy Commission, Comparative Costs of California Central Station
Electricity Generation Technologies(June 2007). Online. Availabl
http://www.energy.ca.gov/2007publications/G200-2007-011/CEC200-2007011-SD.PDF. Accessed: November

15, 2008. p. 7. High estimates assumed 20% higher and low estimates assumed 20% lower due to mature
technology status.

" Information not available.

8 High and Low estimates are from: Lazard, "Levilized Cost of Energy Anayesision 2.0 (June 2008). Online.
Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessledember 15, 2008. p. 10. Expected value estimate is average
of high and low estimate.

8 Stan Kaplan. Congressional Research Service, Power Plants: Characteristics and Costs. November 13, 2008.
Online. Available: http://www.fas.org/sgp/crs/misc/RL34746.pacessed: December 15, 2008. High estimates
assumed 20% higher and low estimates assumed 20% lower due to immature technology status.

82 Expected value estimate is from: California Energy Commission, Comparative Costs of California Central Station
Eledricity Generation Technologies(June 2007). Online. Available:
http://www.energy.ca.gov/2007publications/G200-2007-011/CEG200-2007-011-SD.PDF. Accessed: November

15, 2008. p. 7. Low estimate is from: Lazard, "Levilized Cost of Energy Analgision2.0 (June 2008). Online.
Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. p. 10. High estimates assumed 20%
higher.
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8 Based upon datffor solar thermal. Energy Information Administration, Assumptions to the Annual Energy
Outlook 2008 (June 2008). Online. Available: http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf. p. 79.
High estimates assumed 20% higher and low estimatamads20% lower due to immature technology status.

8 Expected value estimate is from: California Energy Commission, Comparative Costs of California Central Station
Electricity Generation Technologies(June 2007). Online. Available:

http://www.energy.ca.govl®7publications/ CE00-2007011/CEG200-2007-011-SD.PDF. Accessed: November

15, 2008. p. 7. High estimates assumed 20% higher and low estimates assumed 20% lower due to mature
technology status.

% The National Renewable Energy Laboratory, Online. Poweehfiologies Energy Data Book, Online. Available:
http://www.nrel.gov/analysis/power_databook/docs/pdf/db_chapter02_csp.pdf. Accessed: October 28, 2008., pp.
18,20,22. High estimates assumed 20% higher and low estimates assumed 20% lower due to irnmatiogyte
status.

8 Expected value estimate is from: Lazard, "Levilized Cost of Energy Anakgsision 2.0 (June 2008). Online.
Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%2ppdf. Accessed: November 15, 2008. p. 10. High estimates assumed 20%
higher and low estimates assumed 20% lower due to immature technology status.

87 Energy Information Administration, Assumptions to the Annual Energy Outlook 2008 (June 2008). Online.
Available: http://lwww.eia.doe.gov/oiaflaeo/assumption/pdf/electricity.pdf. p. 79. High estimates assumed 20%
higher and low estimates assumed 10% lower due to mature technology status.

8 This is an average of the range provided by: The National ReguRésearch Institute, What Generation Mix
Suits Your State? Tools for Comparing Fourteen Technologies Across Nine Criteria. Online. Available:
http://www.coalcandothat.com/pdf/35%20GenMixStateToolsAndCriteria.pdf. Accessed: July 16, 200&89p. 18

8 Expeced value estimate is for wood waste from: California Energy Commission, Comparative Costs of
California Central Station Electricity Generation Technologies(June 2007). Online. Available:
http://www.energy.ca.gov/2007publications/C200-2007-011/CEC200-2007-011-SD.PDF. Accessed: November
15, 2008. p. 7. High and low estimates are unspecified biomass sources from: Lazard, "Levilized Cost of Energy
AnalysisVersion 2.0 (June 2008). Online. Available:
http://www.narucmeetings.org/Presentations/2008%20EMR#20ized%20Cost%200f%20Energy%s20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. p. 9.

% High and low estimates are from: Lazard, "Levilized Cost of Energy Analgsision 2.0 (June 2008). Online.

Available:

http://www.narucmeetings.orgi&sentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. p. 9. Expected value is the average of the
high and low estimates.

L This is an average of the range provided by: The NationallRegy Research Institute, What Generation Mix
Suits Your State? Tools for Comparing Fourteen Technologies Across Nine Criteria. Online. Available:
http://www.coalcandothat.com/pdf/35%20GenMixState ToolsAndCriteria.pdf. Accessed: July 16, 200&9p. 18
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2 High and low estimates are from: Lazard, "Levilized Cost of Energy Analesision 2.0 (June 2008). Online.
Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. AccesSiedember 15, 2008. p. 9. Expected value is the average of the
high and low estimates.

% Energy Information Administration, Assumptions to the Annual Energy Outlook 2008 (June 2008). Online.
Available: http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/eleityrpdf. p. 79. High estimates assumed 20%
higher and low estimates assumed 10% lower due to mature technology status.

% Assume fuel is tapped into at facility so no costs are incurred.

% Expected value estimate is from: California Energy Commissiomp@aative Costs of California Central
Station Electricity Generation Technologies(June 2007). Online. Available:
http://www.energy.ca.gov/2007publications/G200-2007-011/CEC200-2007011-SD.PDF. Accessed: November
15, 2008. p. 7. High estimate is frofrom: Lazard, "Levilized Cost of Energy Analysigrsion 2.0 (June 2008).
Online. Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. pv @stimate assumed 10% lower
than expected value.

% Stan Kaplan. Congressional Research Service, Power Plants: Characteristics and Costs. November 13, 2008.
Online. Available: http://www.fas.org/sgp/crs/misc/RL34746.pdf. Accessed: December 15, 200&stiigites
assumed 20% higher and low estimates assumed 10% lower due to mature technology status.

9" Expected value estimate is for binary plant from: California Energy Commission, Comparative Costs of

California Central Station Electricity Generation Teclogies(June 2007). Online. Available:
http://www.energy.ca.gov/2007publications/CG200-2007-011/CEC200-2007011-SD.PDF. Accessed: November

15, 2008. p. 7. Low estimate is from from: Lazard, "Levilized Cost of Energy Andlgsgon 2.0 (June 2008).

Online. Available:
http://www.narucmeetings.org/Presentations/2008%20EMP%20Levelized%20Cost%200f%20Energy%20
%20Master%20June%202008%20(2).pdf. Accessed: November 15, 2008. p. 9. High estimate assumed 20% higher
than expected value.

% Expected value estiate is from: The National Regulatory Research Institute, What Generation Mix Suits Your
State? Tools for Comparing Fourteen Technologies Across Nine Criteria. Online. Available:
http://www.coalcandothat.com/pdf/35%20GenMixStateToolsAndCriteria.pdf. Aededsly 16, 2008. p. 189.

High and low estimates from: Dan Rastler, New Demand for Energy Storage, Electric Perspectives.
(September/October 2008) p.-8@. Online. Available:
http://www.eei.org/magazine/editorial_content/nonav_stories®081-EnagyStorage.pdf. Accessed: November
17, 2008.

% Assumed expected value estimate for conventional hydropower from: California Energy Commission,

Comparative Costs of California Central Station Electricity Generation Technologies(June 2007). OnlineleAvailab
http://www.energy.ca.gov/2007publications/GR200-2007-011/CEG200-2007-011-SD.PDF. Accessed: November
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15, 2008. p. 7. High estimates assumed 20% higher and low estimates assumed 10% lower due to mature
technology status.

19 For below ground took avege of high and low estimate from: Dan Rastler, New Demand for Energy Storage,
Electric Perspectives. (September/October 2008)#.7300nline. Available:
http://www.eei.org/magazine/editorial_content/nonav_stories/®@1-EnergyStorage.pdf. Accessadovember
17, 2008.

11 Took average of low and high estimates for lead acid, sodium, and flow batteries from: Dan Rastler, New
Demand for Energy Storage, Electric Perspectives. (September/October 2068y p.@0line. Available:
http://www.eei.org/magane/editorial_content/nonav_stories/260801-EnergyStorage.pdf. Accessed: November
17, 2008.

192Took average of low and high estimates for lead acid, sodium, and flow batteries from: Dan Rastler, New
Demand for Energy Storage, Electric Perspectivespténber/October 2008) p.-8d. Online. Available:
http://www.eei.org/magazine/editorial_content/nonav_stories3081-EnergyStorage.pdf. Accessed: November
17, 2008.
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Chapter3.Baseline Scenario: Austin
Resource Plan

In July 2008 Austin Energy (AE) revealed a proposed resource plan for meeting energy
demand through 2020 while remaining under a proposed carbon dioxidedg@iand

reduction plart. AE proposed ading 1,375 additional Megawatts (MW) of generating
capacity by 2020, with only 300 MW coming from fosfsiéled resourcesTable3.1

l'ists the planned additions tOdyfseEoduse, r esour
power generation technology, or facility.
current power generation mix. Scheduled additions of natural gas and wind power
generation capacity in 2009, 100 MW biomass project expected bya&td 2,30 MW
centralized photovoltaic power plant located in Webberville just outside of Austin have
already been approved by the Austin City Council (Council) and contracted for purchase

or operation by AE. As a resource, biomass has a capacity factiar $orthat of coal

and nuclear and can provide a reliable source of baseload pdWisrgenerating

capacity has been contracted through a PPA to provide 100 MW of energy per year over

a 20 year time period at the total cost of $2.3 billion. The winldnatural gas planned

additions for 2009, planned wind additions for 2011, the centralized photovoltaic (PV)
module system expected to be available by 2010, and the biomass project expected to be
available by 2012 have been included in all eight scenani®. ICost projections for these
additions are based upon general cost data for new power generation plants, rather than
the contractual agreements established by AE.

AEG6s proposed energy resource plan include
Hill Energy Center, proposed for 2013. This would be a combined cycle expansion
project that would provide reliable energy with lower M\W&ur (MWh) CQ emissions

than coal. AE is expecting this project to cost $160 million and take three years to
complete® An additional 100 MW of purchased biomass generating capacity has also
been recommended for 2016. AEOG6s primary in
addition of 775 MW of generating capacity from wind facilities. Additionally, contracts

for 77 MW and 26 MW of current wind generating capacity being purchased by AE are
set to expire in 2011 and 2017, respectively. AE may be able to renew these contracts at
that time. AE has also proposed a gradual investment in solar energy to meet the Austin
Climate Pre¢ection Plan (ACPP) goal of providing 100 MW of solar capacity by 2020.

The recently approved 30 MW centralized PV solar facility will be constructed in
Webberville, near Manor, Texas. This facility will also have 5 MW of capacity to test
emerging solar thnologies. AE is planning to invest in covering rooftop space in Austin
with photovoltaic modules (PV) through public and private partnerships to help reach its
solar goals. AE also may invest in a laggale West Texas solar plant.is unclear

whethe the solar capacity additions for the years 2014, 2017, and 2019 are expected to
come from distributed solar PVs, centralized PV power plants, or concentrated solar
power plants. For the purposes of this analysis, it has been assumed that the 2014 and
2017 additions will be investments in distributed PV systems and the 2019 addition will
be a concentrating solar power plant.
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System Reliability

AEOs proposed resource plan provides a bas
expected increased demand throggh 2 0 whi | e sat i s foemissigns AEG S |
cap and reduction plan, as well as specific goals detailed by the Adefrkanstrates that

AEG6s power generation capacity will well e
meding conservation goals. By 2016, 1,229 MW of power generation capacity will be

provided from baseload power sources (coal, nuclear, and biomass). The 100 MW

biomass additions set to occur in 2012 and 2016 continue to help AE provide continuous
power fromtraditional baseload power sources in accordance with expected baseload

demand increases. Solar and wind capacity increases should provide increased renewable
energy for AE customers that can be baelpdy the natural gas plants. The 300 MW of
additionalnatural gas power generation capacity lends towards this system of dependable
power that will help account for any unexpected lags in availability due to the

intermittent nature of wind and solar resources.

Given the expected capacity factors forstrorewind and solar PV (29 and 17 percent,
respectively) as well as current capacity
facilities AE will be able to deliver electricity reliably to its customers, given that AE

meets its conservation goals ($egure3.2). It appears that AE will be able to provide

reliable service even if conservation goals are only met halfway.

Figure33det ai |l s AEOGs expected hourly hdbimd prof
the summer of 2020. The hourly load profile follows expected solar and wind profiles

and demonstrates that AE will be able to meet peak demand without purchasing power by
engaging its natural gas facilities, even on the hottest day of the sumnAdE. rAakes

gradual additions to its resource portfolio from baseload, intermediate, and intermittent
sources of energy, it appears that AE will be able to meet peak demand in all years

between 2009 and 2020 without purchasing power. AE is currently purgl&) MW

of power a year from the statewide el ectri
AE to control all of its power generation resources.

Carbon Emissions and Carbon Costs

AEOs proposed resource plan wirlgdneratoncr eas e
capacity to about 30 percent of its resour
actual power generation would come from clean energy sources in 2020. As peak demand

is expected to increase by about 16 percent between 2008 and 2080@re¢hse in clean

energy power generation capacity (by about 22 percent) will not cusle@iSsions

markedly (seé&igure3.4). The resource portfolio shift to a higher percentage of clean

energy sources allows AE to meet ina@é demand without a concurrent rise in,CO

emissions.

In July 2008 AE proposed a G@Qpper limit (cap) and reduction plan through 262E
plans to cap its C£emissions at 2007 emission levels and gradually reduce emissions to
2005 levels by 2014. Mosecently proposed federal carbmlated bills would set an
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initial 2014 goal of reducing econorwide greenhouse gas (GHG) emissions to 2005 or
2006 |l evels in the fir siemigseresin20®7weiemp| ement
roughly 6.1 million metric tosand in 2005 were roughly 5.6 million metric tons. AE will

need to reduce its emissions by 745,000 million metric tons over a-geaeperiod

while energy demands gradually rise. Their goal is to gradually reduce emissions by

about 100,000 metric tons a stairstep fashion.

While no current carbon regulation exists, many bills have been proposed by the United
States Congress over the past several years. Many of these bills propocsaatcage

system that would give away G@llowances to regulateghtities to ease the burden of

the regulations. However, these allowances are typically based upon recent historical
emissions, so a voluntary program for curbing;€Qissions could reduce the number of
allowances AE might receive in the futdreinder he LiebermaANarner Climate

Security and Stewardship Act of 2007, a po
accounted for by free permits, or allowances, while a portion of allowances would be
auctioned Figure3.5 estimates th costs of allowances for AE based upon the
LiebermanWarner bill and expected G@ mi ssi ons under AE®sSs prop
Since the amount of permits would gradually decline under the proposed cap and trade
system, the cost of allowances would rigenf almost $50 million in 2014 to almost

$100 million in 2020, for a total of about $490 million in carbon allowance costs by

2020. Although the expected cost of offsets is expected to be lower than the cost of

all owances, onl y 15enpssiongo@uldtbe axdounadforasnt i t y o6 's
offsets under the Liebermatarner bill?

AE has stated that given current economic and political considerations, the best option for
reducing its carbon footprint is to generate electricity from its current sourdes an
purchase offsets in the shaéetrm for emissions that exceed the cap and/or replace coal
based generation with natural ga#f the federal government or the State of Texas were
to adopt comprehensive GHG regulations, AE will be able to make a monaaufor
decision on these options. AE projects that costs to offsee@i3sions by 2014 would

be $18.8 million dollars, while replacing coal generation with natural gas would cost
$253.3 million** Figure3.6 provides a range of analuicosts to offset emissions to zero,
thus achieving carbeneutrality. Depending on the cost of offsets, offsetting emissions to
zero would range between $50 million and $250 million annually with a slight decline in
costs most years.

AEG6s pr o pae plangreserdassmarded improvement in delivering electricity from
clean and renewable sources, which tend to have less impact on air and water quality,

l and, and | ocal ecosystems. However, AEOs
reducing its stake its coal or nuclear resources, so the environmental impacts
associated with these resources wil/l contii

account for 71 percent of its total @@missions. Continued use of coal prevents

significant reductiongn CO, emissions. Other harmful air and water pollutants generated

by its coal facility will continue to impact the environmeeigatively. Nuclear waste will

al so continue to accumulate due to AEOG6Gs nu
sustainabily i ssues associated with AEG6s coal ani
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proposed energy resource plan moves towards a more sustainable energy portfolio,
particularly to account for increased energy demand.

Costs and Economic Impacts

The approach dhe report is to project costs and economic impacts based solely upon

general cost estimates for new power generation facilities. The model used here does not
refl ect AEOGs cost projections of schedul ed
whetler in the form of power purchase agreements or currently owned and operated

facility expansions, the following cost estimates may not coincide with AE projections.

Figure3.71 i st s capital cost es pbdgosedadditisnsfodsr AEO s
power generation mix. Capital costs are expressed as the sum of total overnight costs for
additions scheduled in a particular year. Total expected capital costs summed over the

years until 2020 range from $2.2 to $3.0 billion. Tkaryin which a project is proposed

influences total capital costs. This study uses a range of costs, even though expected
capital costs may increase or decrease dur
resource plan demonstrates gradual capital invegio account for increased demand.

AE has no plans to sell current power generation facilities or stakes in current facilities.

The majority of AEG6s planned projects do n

Figure3.8 details an u a | expected fuel costs for AEOGs
fueled sources do not change dramatically under this scenario, fuel costs are expected to
remain fairly stable, ranging in any given year from $170 to $360 million. If carbon
legislation @ other fossifueled related regulation is implemented over the next decade,

fuel costs (primarily for coal and natural gas) should move towards the high range.

Figure3.9 estimates the expected rise in costs to produce elgcbiccalculating the

impact of the levelized costs of new power generation resources, as a percentage of

overall generation capacity. As a resource portfolio becomes composed of more new
resource additions, the maengrgynesdurceaplacr eas e
calls for almost 30 percent of its 2020 resource portfolio to be comprised of new

generation capacity, which leads to an increase of between 1.5 and 3 cents per kilowatt
hour between 2009 and 2020 based on new power generation invissatoae. Carbon
allowance costs and offset costs or any unexpected additional costs to the utility could

also be passed on to the customer during this time period.

The Greater Austin Area is expected to experience significant economic stimulation from
the AE resource plan due to expansion of local natural gas facilities and investment in
local solar PV installation and utiltgcale solar PV power plantigure3.10

demonstrates an average of $90 million in additional totalenanoutput through 2020.
Economic activity will peak at approximately $180 million in 2011 and 2012 in
anticipation of the completion of a 200 MW expansion to the Sand Hill natural gas
facility in 2013 and solar capacity additions expected in 2014. €otadomic output will

rise again in 2016 to almost $130 million due to additional solar capacity additions.
Figure3.11 projects $3.6 million of total value added due to enduring economic activity.
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Figure3.12 projects an average of approximately 600 new jobs per year in the Greater
Austin Area attributed to AEOGs resource pl

The majority of the economic activity stimulated by the AE resource plan will be in the
Competitive Renewable Energy Zones (CREZ)Vest Texas for the construction of

wind and concentrated solar facilities. Economic activity in the CREZ will contribute
approximately $113 million of total output per year between 2009 and 202Bi¢see

3.13). Figure3.14 projects about $12 million of total value added each year in the CREZ

region due to enduring economic activigygure3.15 projects an average of

approximately 60 new jobs per year inthe CREZregiondtut ed t o AEOG6S r es

Nagodoches County will also experience significant impact from the AE Resource Plan

due to the addition of 200 MW of biomass p
generation mixFigure3.16 demonstates an annual total economic output of about $68

million between 2009 and 202Bigure3.17 projects about $10 million of total value

added each year in Nacogdoches County due to enduring economic déiguite3.18

projects an average of approximately 50 new jobs per year in Nacogdoches County
attributed to AE6s resource plan.

IMPLAN only models the effects of construction and installation of new power
generation facilities, estimated activity frahe installation of distributed PV units, and
operations and maintenance activities associated with power generation facilities. This
scenario does not take into account the possibility of attracting renewable energy
manufacturing to the Austin area.

'AE, AFuture EnerfL£yapRasndurRedsucandnC®!|l anning. o0 July
http://www.austinenergy.com/About%20Us/Newsroom/Repeutsire%20Energy%20Resources_%20Jul
y%2023.pdf Accessed: July 24, 2008.

2AE, AFuture EnerfL£yapRasndurRedsucandnC®!|l anning. o0 July
http://www.austinenergy.com/About%20Us/Newsroom/Reports/Future%20Energy%20Resourchg %20
y%2023.pdf Accessed: July 24, 2008.

*AE, fiNacogdoches Biomass Project Town Hal/l Meeting
http://www.austinenergy.com/biomassTownHallAugust2008.pd€Eessed: August 17, 2008.

“AE, fAFuture Ener gapReandurReaducandnC®l anning. o July
http://www.austinenergy.com/About%20Us/Newsroom/Reports/Future%20Energy%20Resources_%20Jul
y%2023.pdf Accessed: July 24, 2008.

AE, fAFuture EnerLyapReandu rReadu caly2b0sBiheaAvailable:g. 6 Ju
http://www.austinenergy.com/About%20Us/Newsroom/Reports/Future%20Energy%20Resources_%20Jul
y%2023.pdf Accessed: July 24, 2008.
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Schedule of power generation additions and subtractions (net MW)

Table3.1
Austin Energy Resource Plan Scheduled Additions to Generation Mix

Coal
Nuclear
Natural Gas - Sand Hill 1-4
Natural Gas - Sand Hill 5
Natural Gas - Decker 1 & 2
Natural Gas - Decker CGT
Wind
Offshore Wind
Biomass
FPP w/ biomass co-firing
Landfill Gas
Solar PV - Centralized
Solar PV - Distributed
Concentrated Solar
IGCC w/ CCS
IGCC w/o CCS
Geothermal
Storage
Accelerated Conservation
Purchased Power
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Capacity (MW)

Figure 3.1
Austin Energy Resource Plan Power Generation Capacity
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Energy Delivered (MWh)

Figure 3.2
Austin Energy Resource Plan Electric Delivery
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Figure 3.3
Austin Energy Resource Plan Hourly Load Profile (Peak Demand, Summer 2000)
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CO . Emissions (metric tons)

Figure 3.4
Austin Energy Resource Plan Direct Carbon Dioxide Emissions
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Total Carbon Offset Cost (million $)
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Figure 3.5
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Capital Cost (million $)

Fuel Cost (million $)
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Figure 3.7
Austin Energy Resource Plan Capital Costs
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Figure 3.8
Austin Energy Resource Plan Fuel Costs

Expected Fuel Co:
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Figure 3.9
Austin Energy Resource Plan Levelized Costs
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