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2 St
introduction

This Site Certification Application (SCA) is being submitted jointly by Kissimmee Utility
Authority (KUA) and Florida Municipal Power Agency (FMPA) for the addition of Unit 3
to the Cane Island Power Park, and for the existing Units 1 and 2, in accordance with the
Florida Electrical Power Plant Siting Act. Cane Island Unit 3 is a proposed combined cycle
unit with a nominal rating of approximately 250 MW, consisting of a F class combustion
turbine, heat recovery stessn generstor (HRSG), and steam turbine.

The SCA is comprised of three volumes. The first volume of the application is divided
into subvolumes labeled 1A,1B, and IC, and contains Section 1 of the SCA. These
subvolumes contain the Public Servics Commission Need for Power (NFP) Application
portion of the SCA. The joint need for power spplication is based on the needs of both KUA
and FMPA who are each 50 percent joint owners in Cane Island Unit 3 and existing Units |
and 2. Subvolumes 1A, 1B, and 1C contain the following information.

® 1A - NFP information common to both participants.

e 1B - NFP information specific to KUA

® 1C - NFP information specific to FMPA.

Volumes 2 and 3 contzin information regarding all other aspects of the SCA other than
the need for power, mmmdmfommonmuodmthﬂ\empoudﬁahy
and existing units.

KUA was the project manager for licensing and construction of the existing Cane Island
Units 1 and 2. KUA is also the operator for Units 1 and 2. Likewise, KUA is the project
manager for licensing and construction of Unit 3 and will be the operator. Unit ] consists of
a simple cycle General Electric LM 6000 combustion turbine with a nameplate rating of
42 MW. Unit 2 consists of a General Electric 7TEA 1 x | combined cycle with a nameplate
rating of 120 MW,

Site certification for the proposed Unit 3 is being sought under the Florida Electrical
Power Plant Siting Act, Sections 403.501-403.518, Fla. Stat., and as such, the determination
of need for the proposed Unit 3 is being sought under Section 403.519, Fla. Stat.. As existing
units, site certification for Units | and 2 is being sought under Section 403.5175, Fla. Stat..
In accordance with Section 403.5175(1), Fla. Stat., a determination of need is not required
for Units 1 and 2. Notices regarding the project should be sent to KUA's attention.

059140-070196-A 1
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Applicant’s Official Names and Mailing Addresses

Kissimmee Utility Authority
P.0. Box 423219
Kissimmee, Florida 32742-3219

7201 Lake Ellenor Drive
Orlando, Florida 32809

Address of Official Headquarters
Kissimmee Utility Authority
1701 West Carroll Street
Kissimmee, Florida 34741
Florida Municipal Power Agency
7201 Lake Ellenor Drive
Orlando, Florida 32809

Business Entity

Kissimmee Utility Authority (KUA) is a body politic, duly organized, and legally existing
as part of the government of the City of Kissimmee, engaged in the generstion, transmission,
and distribution of electric power to persons within the service aree.

Florida Municipsl Power Agency (FMPA) is a joint agency formed pursuant to the
Interiocal Cooperation Act which exercises powers under the Joint Power Act. FMPA has
authority to undertake and finance electric projects and, among other things, to plan, finance,
acquire, construct, reconstruct, own, lease, operate, maintain, repair, improve, extend, or
otherwise participate jointly in those projects and to issue bonds or bond anticipation notes
for the purpose of financing or refinancing the costs of such projects.

0569140-070198-A 2



Name, Address, and Telephone Number of Officlal Representative
Responsible for Obtaining Certification
AK. Sherma

Kissirnmee Utility Authority
1701 W. Carroll St.

Kissimmeo, FL 34741
Ph. (407) 9337777, ext. 1232
Fax (407) 847-0787

Site Location
Osceola County

Nearest Incorporated City
Kissimmee

Longitude and Latitude
Lat: 28 degrees, 16 minutes, 50 seconds
Long: 81 degrees, 32 minutes, 00 seconds

UTMs (Center of Site)
3,128,000 North
447,500 East

Section, Township, Range
Sec 29, 32/ T25S/RAE

Location of Any Directly Associated Transmission Facilities
Onsceocla County
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Nameplate Generating Capacity

The namepiate reting of Cans Isiand Unit 3 will depend upon the exact combustion
turbine sslectod and the design of the steam tusbine. It is estimated that Cane Isiand Unit 3

will have a nameplate gross generating capacity of approximately 270 megawatts (MW) at
59°F.

Commerclal Operation Date
Cane 1sland Unit 3 is scheduled for commercial operation on June 1, 2001.

059140-070198-A 4






a Overview and Summery

1A.1.0 Overview and Summary

1A.1.1 Overview

Cane Islsad Unit 3 will be the third unit installed at the Cane Island Power Park site
located approximately 13 miles west of Kissimmee, Florids. Cane Island Unit 3 is being
planned for s momsinal net genersting capacity of approximately 250 MW,

KUA and FMPA are both 50 percent joint owners of the Cane Island Unit 3 facility. This
ownership arrangement mirrors the ownership arrangement of the existing Cane Island Unit 1
and Unit 2 facilities.

1A.1.2 Summary

Cane Island Unit 3 is planned to utilize a | x 1 configuration with an F-class combustion
turbine and 8 100 MW steam turbine. The estimated 2001 installed capital cost is
$117,567,000, which includes interest during construction and an associated 230 kV
transmission line from Cane Isiand to Florida Power Corporation’s Intercession City Plant.
Cane Island Unit 3 is projected to have a net degraded output of 262 MW at 59° F with a
higher heating value (HHV) heat rate of 6,815 Btw/kWh. Cane Island Unit 3 is planned to
be equipped with evaporative inlet cooling and duct firing to increase output during the
summer. Cane Isiand Unit 3 will be natural gas fueled and is planned to have No. 2 oil as
backup fuel. Cane Island Unit 3 is also planned to be equipped with a bypass damper and
stack to enable operation in simple cycle mode.

0569140-070198-A 11






a Description of the Project

1A.2.0 Description of the Project

1A.2.1 Description of Facilities

The Cane Island Power Park (Power Park) currently includes two existing units, Units 1
and 2, and support facilitios as shown on the Site Amangement Drawing Figure 1A.2-1.
Unit 1 consists of a simple cycle General Electric LM 6000 combustion turbine (CT) with a
nameplate rating of 42 MW. Unit 2 consists of a General Electric 7TEA 1 x ] combined cycle
with a nameplate rating of 120 MW. The proposed Unit 3 is also shown on Figure 1A 2-1,
and will consist of en P-class 1 x 1 combined cycle with a nominal rating of approximately
250 MW. The actual size of Unit 3 will depend upon the combustion turbine vendor selected
and the design and size of the steam turbine. Output will also vary with degradation and
ambient conditions. Electricity generated by the Cane Island Units is stepped up in voltage
by generator step-up transformers to 230 kV for transmission via the power grid.

The basic power generstion cycle for Unit 3 consists of an F-class combustion turhine,
a heat recovery steam generator (HRSG), a condensing steam turbine, and a mechanical draft
cooling tower. The HRSG will be a three pressure design. Duct burners will be installed in
the HRSG inlet to allow the steam turbine to be fully loaded at higher ambient temperatures.
The HRSG will be provided with a bypass stack and diverter damper to accommodate
operation in simple cycle mode.

Natural gas will be the primary fuel for the combustion turbine and the only fuel for the
HRSG duct burners. Low sulfur (0.0S percent), No. 2 fuel oil is currently planned to be the
emergency backup fuel for the combustion turbine. The Unit 1 fuel oil storage tank has a
capacity of 0.3 million gallons and the Unit 2 tank has a capacity of 0.7 million gallons, for
a total existing storage capacity of 1.0 million gallons. An additional 1.0 million gallon tank
is currently planned 1o be installed to provide backup fusel oil for Unit 3. The combined
storage capacity, 2.0 million gallons, will provide more than 3 days of fuel oil supply for full
load operation of Units 1, 2 snd 3.

Flue gas is the only byproduct of the combustion process whether burning natural gas or
No. 2 fuel oll. Both are low sulfur, low ash fuels. The manufacturer guarantees full losd NO,
emission levels of 12 to 15 ppm, while burning natural gas, will be attained by implementing
dry low NO, combustor technology. Therefore, installation of an SCR will not be required

085140-070108-A 241



a Description of the Project

for Unit 3. For air emissions, Unit 3 will be considered a major stationary emission source
and will be subject to Prevention of Significant Deterioration (PSD) permitting requirements.
Unit 3 will be considered a minor stationary emission source with respect to SO, and +vill be
permitted under a federally enforceabie annual SO, emission limit of 40 tons per year. Unit 3
emissions will be maintained below the 40 tons per year threshold by imiting fuel oil firing
to approximately 30 days per year. Units | and 2 are each permitted for fuel oil firing a
maximum of 800 hours per year (33 days).

Cane Isiand Unit 3 waste heat will be rejected to the atmosphere by a cooling cycle using
a mechanical draft cooling tower. The source of cooling water makeup will be treated
sewage effluent from the City of Kissimmee's effluent pipeline. Provisions will be included
to utilize well water as an emergency source of cooling water makeup. It is estimated that
six new wells will be required to sccommodate new process uses and emergency well water
demands. The estimated cooling water withdrawal rate from the City of Kissimmee's effluent
pipeline for Unit 3 is 1,895,000 gpd, at full load, with the evaporative cooler operating.
When the combustion turbine inlet air evaporative cooler operates, 43,000 gpd of the Unit 3
evaporative cooler biowdown will be routed to the cooling tower and will provide the balance
of the Unit 3 cooling water makeup requirement.

Cane Island Unit 3 will have five major sources of wastewater. These wastes include
sanitary waste, oil/water seperator waste, cooling tower blowdown, chemical wastes, and
boiler blowdown. Similar to the mathods used for the existing units, the process wastewsters
will be treated and discharged at three locations. Oil/water separator effluent will be routed
to an onsite percolation pond for ground water recharge. Cooling tower blowdown,
neutralization basin effluent, and boiler blowdown will be returned to the City of Kissimmee's
effiuent pipeline for ultimate disposal at the Imperial Percolation Pond Site. Sanitary wastes
will be routed to the existing septic tank/tile field system. For Unit 3, it is estimated that
446,000 gpd of combined wastewater from cooling tower blowdown, neutralization basin
effluent, and boiler blowdown will be retumned to the City of Kissimmee's effluent pipeline.

Unit 3 will utilize an independent, distributed control system. The existing Unit 2 steam
turbine building will be expanded to house the control room expansion, control equipment,
and electrical equipment. Units 1-3 will be controlled from the expanded control room.

059140-070188-A 23



E Description of the Project

Other than combustion control measures, such as dry low-NO, combustors, no other air
pollution control techniques are required, although water injection will be required when
burning No. 2 odl.

1A.2.2 Fuel Supply

Natural gas is the primary fuel at the Cane Island Power Park and is supplied vis &
20 inch diameter natural gas line that is owned by Kissimmee Utility Authority (KUA) and
Florida Municipal Power Agancy (FMPA) and operated by Florida Gas Transmission (FGT).
The natural gas line was installed in 1993 and connects to an existing FGT line near the
intersection of Interstate I-4 and State Road 545. The capacity of the line will support a total
build out of 1,000 MW at Cane Island.

Existing fuel oil capacity at the Cane Island site is provided by two storage tanks with
capacities of 0.3 million galions and 0.7 million gallons. At 1SO conditions, Units 1 and 2 can
operate for four days st full load with the existing storage capacity. An additional 1.0 million
gallon storage tank is plasned to be installed adjacent to the existing fuel oil tanks to provide
backup fuel oil to Unit 3. The expanded fuel oil capacity will enable Unit 3 to be fuel oil

. fired at full load for a period of three days. The tanks will be piped so that all units can draw
fuel oil from any tank.

Although backup fuel ol capacity will supply Units 1-3 with the necessary fuel for
operation during curtailment or outage of the gas line, the existing bacicup fuel oil si;ply has
never been required. This is because the Cane Island Power Park has not experienced a gas
line outage since installation of the line in 1993. Although new gas supply customers will
connect to the St. Petersburg lateral, which supplies the Cane Island Power Park, FGT
planning staff have stated that overall reliability of the supply is expected to remain

unchanged.

1A.2.2.1 Fuel Quantities
Full load fuel consumption estimates for Units 1-3 are presented in Table 1A.2-1. Fuel
usage estimates are based on the full load output of each unit at 95 F.

1A.2.2.2 Fuel Transportation
Natursl gas is the primary fuel st the Cane Island Power Park and is supplied via a
20 inch diameter natural gas Jine that is owned by KUA and FMPA and operated by FGT.

I 059140-070198-A 24



Description of the Project

No. 2 Fusl Oil

Unit 1 - LM6000*

439.8

Unit 2 - 1x1 7EA?

976.1

Unit 3 - 1x1 F-Clase’

1,808.0

Total Consumption

3,239

1'Based on 95 F fill load hest rates.

IActual test

058140-070198-A
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a Description of the Project

The natural gas fine was installed in 1993 to support the Cane Isiand Power Park. The line
ties into an existing FGT naturel gas line near the intersection of Interstate 1-4 and State Roed
545. The size of the line is based on a total build out of 1,000 MW at the Cane Island Power
Park A more detailed analysis and description of FGT's system is presented in Section
1A.3.3 Fuadl Avzilability.

Number 2 fuel oil is the sscondary (backup) fuel for the Cane Island Power Park. The
fuel oil is delivered to the Power Park utilizing tanker trucks. Once onsite, the fuel is
transferred from the tankers to onsite storage tanks.
1A.2.2.2.1 Natural Gas Dellvery and Metering. Natrsl gas is delivered to Cane
Island Power Park as described in Subsection 1A 2.2.2. A metering station was installed in
1993 with the 20 inch astursl gas line to support the Cane Island Power Park. The metering
station is located at the intercommection location (intersection of 1-4 and State Roed 545) with
the FGT pipeline. This metering station will continue to meter the additional amount of
natural gas utilized by Unit 3. There is a8 common custody grade meter at the Cane Island
Power Park.  Additionally, Unit 3 will have its own individual gas meter.
1A.2.2.2.2 Fuel ON Storage and Handling. The existing No. 2 fuel oil storage consists
of two aboveground tanks--one 0.3 million gallon tank for Unit 1, and one 0.7 million gallon
tank for Unit 2. An additional fsel cil storage tank, with a capacity of 1.0 million gallons, is
currently planned to be installed at the Cane Island Power Park for Unit 3. The locations of
the storage tanks are indicated on the Site Arrangement, Figure 1A 2-1. _

Puel is delivered to the storage tanks by tanker truck. The fuel oil truck unloading
station is located south of the Unit 1 storage tank as indicated on Figure 1A 2-1. Semitrailer
tanker trucks cnter the site at the main gate, park adjacent to the unloading station, and are
connected to the unloading station. Unloading operations are coordinated between the Plant
operator(s) and the truck driver and are constantly monitored by both parties.

1A.2.3 Capital Costs

The capital cost estimate is developed on the basis of the current competitive generation
market. Indirect costs include the typical items of engineering, construction management,
general indirect costs, and contingency. In addition, indirect costs include SCADA interface
costs, spares, Owner's enginesr costs, permitting, training, substation =:sts to integrate the
unit into the Cane Lsiand substation, and costs for s 230 kV transmission line from Cane
Island to Florida Power Corporation’s Intercession City Plant in order to piace the costs on
a comparable basis with costs resuiting from purchase power bids. Total capital cost is the

089140-070198-A 246



B Description of the Project

summation of direct and indirect cost and interest during construction for commercial

operstion in 2001,

The project cost for Cane Island Unit 3 is estimated to be $117,567,000. The capital
cost reflects significant savings associated with the sharing of common site utiliiis and
equipment inchuding the engineering costs of the buildings and associated facilities. Some of
these facilitios include the site access road, cooling tower makeup water supply pipeline,
water trestment and wastewster disposal, and site buildings. A detailed description of capital
cost components is Hsted in Table 1A 2-2.

1A.2.4 O&M Cost
The O&M cost estimates are based on a unit life of 25 years and baicload capacity factor.
The estimates slso include a 20 percent contingency. For the fixed O&M analysis, it was
assumed that fhvad costs will remain constant in r=al dollars over the life of the plant. Fixed
O&M costs are those thet sre independent of plant electrical production. The largest fixed
costs are wages and wage-related overheads for the permanent plant staff. Varisble O&M
costs include consumables, chemicals, lubricants, water, and maintenance repair parts.
Varisble O&M costs vary as a function of plant generation. The estimates of fixed and
variable O&M sre $2.08W-yr and $2.58/MWh (1998 §), respectively. The O&M cost
estimates were based on the following assumptions:
®  Primary fuel—-Natural gas.
¢ NO, coatrol method—Dry low NO, combustors.
o Combustion turbine genorator (CTG) maintenance estimated costs provided by
manufacturers.
® CTG specialized labor cost estimated at $38/man-hour.
¢ CTG operstional spares, combustion spares, and hot gas path spares are not
included in the O&M cost. These costs are included in the capital cost. The cost
of the parts used in the inspections and overhauls are included in the O&M costs.
®  Hest recovery stoam penerstor (HRSG) annual inspection costs are estimated based
on manufacturer input and Black & Veatch dats.
® Steam turbine annual, minor, and major inspection costs are estimated based on
Black & Veatch data. Annual inspections occur every 8,000 hours of operation,
minor overhauls occur every 24,000 hours of operation, and major overhauls occur
every 48,000 hours of operation.

059140-070196-A 2-7



a Description of the Project

Table 1A 2-2
Cost Estimate
Cane Isiand Unit 3

53,037,311
4,463,000
1,350,000

230.000

39,781,311

144,652

LIR0.000
1,914,652

5,318,287
13,273,121
2,171,823

@ 50000

nalw
21,925,348

0,622,311

175,000
6,260,000
1,100,000
7,416,006
4,821,767
1,000,000
7,529,030
642,841

33,944,644
117,366,955
449
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a Description of the Praject

® The costs for demineralized cycle makeup water and cooling tower raw water are
included.

® Provision for two additional staff in 2001 are included.

® The varisble O&M analysis is based on a repeating maintenance schedule for the
is the estimated average cost over the 25 year cycle life.

1A.2.5 Heat Rabe

The estimates for average net plant heat rate (NPHR) and output for Cane Island Unit 3
are listed in Toble 1A.2-3. Plant heat rate and output estimates include s 2 and 4 percent
degradation factor, respectively.

1A.2.8 Availabliity
Avsilability is a messure of the capacity of a generating unit to produce power
deci jonal limitations such as equi fuilures, irs and .
maintenance activities. Availebility of the F-class Cane Island Unit 3 is estimated to be
approximately 91.8 percent per year. The availability estimate includes a 4.1 percent forced
outage rate and all scheduled meintenance outages as described in Section 1A.2.4.

1A.2.7 Schedule
The schedule for Cane Island Unit 3 is based on a 20-month construction period.
Enginesring would start 5 months before the stast of construction to compiete the design in
advance of comstruction. To mest a June 1, 2001, commercial operation date, construction
would start October 1, 1999 upon receiving site certification, and engineering would start
May 1, 1999,
10 procure major equipment and to complete the detailed foundation design. The combustion
turbine, steam turbine, HRSG and transformers represent the long lead time equipment.
This project schedule is based on reasonsble durations and a logical, efficient approach
to the project. This approach will support completing the project on time with minimum total
cost. The detailed schedule is presented in Figure 1A.2-2.
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NPHR Btw/kWh

MW
262

6,815

7,141

139

7,699

73

1) 244 MW and 6,998 Baw/k'Wh with duct firir
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a Description of the Project

1A.2.8 Analysis of Clean Air Act implications

The Cane Island Power Park is required to comply with the Clean Air Act (CAA) and
the current Florida air quality requirements stemming from the Act. Section 1A_8.0 presents
an analysis of the CAA implications and licensing requirements for construction of Cane
Island Unit 3.

1A.2.9 Associated Transmission Line

Load flow.studies using the 1998 Florida Reliability Coordinating Council (FRCC)
database indicate that with the addition of Cane Isiand 3 during an outage of the Cane Island-
Taft 230 kV transmission fine, the Clay Street 230/69 kV auto transformer overloads. With
the addition of a second autotransfbrmer at Clay Street, under the same contingency, the Clay
Street-Hansel 69 kV transmission line overicads, requiring reconductoring. Planning studies
indicated that a mew 230 kV transmission line from Cane Island to Plorida Power
Corporation’s Intercession City Plant would solve these contingency problems at a
significantly lower cost. The new 230 kV transmission line will be routed on the existing
Cane Island-Clay Strest tranamission line towers to the site boundary and then be routed in
the identified utility corridor adjacent to the CSX railroad line to the Intercession City Plant.
line will be treated as an associated facility under the Florida Electrical Power Plant Siting
Act.
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a Evalustion Criterle

1A.3.0 Evaluation Criteria

This section presents the assumptions used for economic parameters and projections of
prices used in the need for power analysis. The assumptions stated in this section are applied
consistently throughout. Section 1A.3.1 outlines the basic economic assumptions,
Section 1A.3.2 discusees the fuel price projections, and Section 1A.3.3 discusses the
svailability of foel at the Cane Island Power Park.

1A.3.1 Economic Parameters
1A.3.1.1 Escaletion Rates

A 2.5 percent general inflation rate is assumed. A 3.0 percent annual escalation rate is
used for operation and maintenance (O&M) costs. A 2.5 percent annual escalstion rate is
used for capital costs.

1A.3.1.2 Bond interest Rate
. The bond interest rate is assumed to be 5.5 percent.

1A.3.1.3 Present Worth Discount Rate
The present worth discount rate is equal to the bond interest rate of 5.5 percent.

1A.3.1.4 interest During Construction
Interest during construction is assumed equal to bond interest rate of 5.5 percent.

1A.3.1.5 Fixed Charge Rate

The fixed charge rate is 8.2 percent. The fixed charge rate was deveioped based on a
30 year bond term including principal and interest, a 1 year debt service reserve iund, interest
eamings credit based on the bond interest rate, 3 2.9 percent bond issuance fee, and
1.0 percent for property insurance.

. 059140-070198-A 3



a Evalustion Criterie

1A.3.2 Fuel Price Projections

This section presents the analysis of fuel prices and current market projections based on
the Standard and Poor’s Analysis of Utility Fuel Prices in the South Atlantic Region which
was completed in September of 1997 by DRI. The forecast is presented in Appendix 1A.9.1.
Fuel price projections are developed for coal, natural gas, nuclear, No. 6 and No. 2 fuel oil.
Delivered fuel cost projections for the base, iow, and high cases are presented in
Tables 1A.3-1, 1A.3-2, and 1A 3-3, respectively. The forecasted fuel prices are represented
graphically on Figure 1A.3-1. The first graph presents all fuel price forecasts in nominal
dollars. The second graph pressats a comparison of historical spot gas prices to the natural

1A.3.2.1 Cosa! Price Forecsst

The forecast for delivered price of coal was based on actual 1997 delivered cost of spot
coal purchases for Stanton Energy Center from the Resource Data Institute (RDI)
POWERdst database and Standard and Poor’s Analysis of Utility Fuel Prices in the South
Atlantic Region by DRL The DRI forecast of spot coal prices was converted to 1996 dollars
using DRI's implicit price defiator listed in Tabl- 1A.3-4. The actual delivered cost of cosl
was thea projected by applying DRI’s resl, annual cosl price escalation in 1996 dollars plus
2.5 percent snnual inflation to the 1997 actual delivered cost of spot coal purchases for
Stanton Energy Center.

1A.3.2.2 No. 8§ and No. 2 Ol Price Forecasts

The fuel price forecasts for No. 2 and No. 6 oil were developed based on the actual
average delivered cost of No. 2 and No. 6 oil for Florida from the Energy Information
Administration (EIA) Cost and Quality of Fuels and Standard and Poor’s Analysis of Utility
Fuel Prices in the South Atlantic Region by DRI. The DRI distillate fuel price forecast was
converted to 1996 dollars using DRI's implicit price deflator listed in Table 1A.3-4. The
delivered cost forecasts of No. 2 and No. 6 oil were developed by applying the resulting DRI
real, annual distillate price escalation in 1996 dollars plus a 2.5 percent annual inflation rate
to the 1997 Florida average delivered cost of No. 2 and No. 6 oil.

089140-070198-A 3-2



Table 1A.3-1
Delivered Puel Price Forecast—Base Case
($/MBtu)

Nuclear
0.55
0.56
0.57

.77 0.59

0.60

1.86 528 0.62

1.90 0.63

1.93 3 582 0.65

197 6.09 0.67

. 202 382 0.68

2.06 4.00 6.68 0.70

2.10 4.18 6.99 0.72

2.15 4.36 7.29 0.73 3.1%

2.20 4.57 7.63 0.75 332

2.23 4.78 7.98 077 345

2.29 5.00 8.34 0719 15

2014 2.34 523 8.72 08} wn

2015 240 546 9.12 0.83 i

2016 246 5.70 9.52 0.85 4.09

2017 2.51 597 996 0.87 430

(1) Sum of commodity price, fuel charge, GRI demand surcharge, commodity
charge, GRI commodity charge, AGA surcharge, unit fuel surcharge, and FGU
service charge.
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" Table 1A.3-2
Delivered Puel Price Forecast—-Low Case
($MBw)

Coal . 6 Ol No. 201
1.64 . 4.30

1.62 . 4.19

1.61 2.54 4.24

1.60 2.62 437

1.61 2.69 4.49 0.54
1.62 . 4.60 0.54
1.62 2.83 4.72 0.54
1.62 292 4.87 0.54
1.62 3.00 5.00 0.55
1.62 3.07 513 0.55
1.63 3.16 5.27 0.55
1.63 J4 5.41 0.55
1.63 3.3 5.53 0.56
1.64 3.40 5.68 0.56
1.63 349 5.82 0.56
1.64 158 597 0.57
1.64 3.67 6.12 0.57
1.65 3.76 6.27 0.57
1.66 385 6.42 0.57
2017 1.66 3.94 6.58 0.58

(¢)) Smnofcommodity flel charge, GRI demand surcharge, commodity
charge, GRI MMAGAMWMMMFGU
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Tabie 1A 3-3

Delivered Fuel Price Forecast—High Case

($MBuu)

No.2 Od

Nuclear

2.60

282
2.54
3.04
318
331

4.72
5.04
538
.72

6.11 10.20
6.51 10.87
6.94 11.59
12.35

7.40

KR Y
3.62
n

7.88 13.16
8.40 14.01
1494

8.95

4.65
4.71
4.96

5.31
5.68

6.04
6.44
6.93

7.39
7.88
8.42
3.98
9.55

0.57
0.59
0.62
0.65
0.68
0.71
0.74
0.7
0.81
0.84
0.88
0.92
0.96
1.01
1.05

1.10

1.15

1.20

1.25
1.31

341
3.64

4.39
4.64
4.93
5.26
5.59
593

Sum of commodity pri fuel charge, GRI demand surcharge, commodity
® &WMMAGAMMMMMFGU
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1A.3.2.3 Neatural Gae Price Forecast

1A.3.2.3.7 Commodily. The natural gas commodity price forecast was developed based
on Standard & Poor’s Analysis of Utility Fuel Prices in the South Atlantic Region by DRI
DRI’s gas price forecast is based upon normal weather, which, in combination with adequate
storage and a nonmeal cutput from nuciesr stations, predicts moderste short-term prices. The
DRI values for Henry Hub and Gulf Coast spot prices for natural gas delivered to pipelines
were averaged and converted to 1996 dollars using DRI's implicit price deflator listed in
Table 1A.3-4. The final commodity cost was developed by applying the resuhing DRI real,
annual natural gas price escalation in 1996 dollars plus 2.5 percent annual inflation rate to the
average spot prices.

1A.3.2.3.2 Transportation. Natural gas transportation in Florida is supplied by Florida
Gas Transmission Company (FGT). Details of FGT' s system are presented in Section 1A.3.3.
Natural gas transportation from FGT is supplied under two tariffs, FTS-1 and FTS-2. Rates
for FTS-2 are based on FGT's Phase IIl expansion while rates for FTS-1 are based on the
Phase IT expansion. As discussed in Section 1A.3.3, the Phase III expansion was extensive
and rates for FTS-2 transportation are significantly higher than for FTS-1. The Phase IV
expansion will be less extensive and thus, transportation rates should be lower. While it is
anticipated that Phase IV rates may be lower, the cost for the Phase I'V expansion may be
rolled in with the Phase III costs, and the resultant rate msy not be significantly less than the
current Phase I11 rates.

For purposes of projecting delivered gas prices, for new units it is assumed that the
current Phase III transportation rates will apply. Table 1A_3-5 presents the delivered natural
gas price forecast based on current FTS-2 rates. Actual rates for natural gas transportation
should be Jess than these. However, for evaluation purposes, this forecast will be used for
natursl gas for new units.

Both KUA and FMPA sre members of Florida Gas Utility (FGU) which is an
organization of municipal utilities which manages and schedules member's transportation
entitlements and purchases gas for members. The small FGU service charge is included in the
forecast in Table 1A.3-5.
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Table 1A.3-§

Natursl Gas Price Forecast (3/MBtu)
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1A.3.2.4 Nuclear Fuel Price Forecast

The nucloar fsel price projection is based on the average of the 1996 fuel price for the
St. Lucie and Crystal River Nuclesr Plants from the Resource Data Institute (RDI)
POWERdat database escalated st the undertying general inflation rate of 2.5 percen.

1A.3.3 Fuel Avaliabliity

DRI projects that natural gas supply increases are expected to be adequate to possibly
excessive by 2000, This is because (1) reserve additions have exceeded production during
the past 2 years in the United States and, (2) by 2000, pipeline capacity additions of 5 to
10 Bef/day from Canada, the Rocky Mountains, and the deep Gulf of Mexico are expected
to create & “gas-bubble™ even though gas demand is projected to grow by up to 7 Befiday.
Gas prices aro expected to weaken as new supply sources are added to the US market. DRI
predicts swift demand growth acting to abeorb the new supplies and gas markets permitting
a return to a better balance sfier 2000. DRI expects demand growth for 1997 1o 2000 to
sverage about 1.9 Bcf/day per year.

1A.3.3.1 Filorida Gas Transmission Company

Florida Gas Transmission Compeny (FGT) is an open access interstate pipeline company
transporting nstural gas for third pesties through its 5,000 mile pipeline system extending
from South Texas to Miami, Florida. PGT is & subudiary of Citrus Corporation, which in
tumn, is jointly owned by Earon Corporation, the largest integrated natural gas company in
America, and Sonst, Inc., one of the largest independent producers of natural gas in the
United States.

The FGT pipeline system sccesses a diversity of natural gas supply regions including:
Permian Area (West Texas and New Mexico).
Anadarko Basin (Texas, Okiahoma and Kansas).
Fort Worth and East Texas Basins.
Arkona Basin (Okishoma snd Arkansas).
Texas and Louisiana Gulf Areas (Gulf of Mexico).
Black Warrior Basin (Missiseippi and Alabama).
Louisiana - Mississippi - Alsbama Salt Basin.
Mobile Bay.
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FGT's total receipt point capacity is in excess of 3.0 billion cubic feet per day and
includes commections with 14 interstate and 10 intrastate pipelines to facilitate transfers of
natural gas into its pipelins system. PQT reports a delivery capebility to Peninsular Florida
in excess of 1.4 billion cublc feet per day.

1A.3.3.2 Fiorida Ges Transmission Market Area Pipeline System
The FGT muitiple pipeline system corridor enters the Florida panhandie in northem
Escambia County and runs easterly to a point in southwestern Clay County, where the
pipeline corridor turns southerly to pass west of the Orlando ares. The mainline corridor then
tums to the southeast to & polat in southern Brevard County, where it tums south generally
paralleling Interstate Highwy 95 to the Miami sres. A major lateral line (the St. Petersburg
Lateral) extends flrom s junction point in southern Orange County westerly to terminate in the
Tampa, St. Petersburg, Sarasots area. A major loop corvidor (the West Leg Pipeline)
branches from the mainline corridor in southeastern Suwammee County to rua southward
through western Peninsular Floride to connect to the St. Petersburg Lateral system in
northeastern Hillshorough Cousty. Easch of the above major corridors includes stretches of
. multiple pipelines (loops) to provide flow redundancy and transport capability. Numerous
laterul pipelines extead from the major corridors to serve major local distribution systems and
industrial/Autility customers.

1A.3.3.3 Service to Cane island Power Park

The Cane Island Power Park is served from an existing FGT system delivery point on the
St. Petersburg Lateral located in Section 26, T255, R27E in northwestern Osceola County.
From the custody metering installation at the delivery point, the lateral pipeline (the Cane
Island Lateral) runs south and then easterly to service the existing generation facilities at the
Cane lsiand site. The Cane Isiand Lateral is & 20 inch dismeter pipeline capable of providing
maximum design basis hourly volumes, as limited by the design of the delivery point metering
station, of up to 10,000 MBtu per hour, assuming maximum operating pressure in the St.
Petersburg Lateral of 975 psig.

The Cane Isiand Lateral completed in 1993 is sized for the supply of natural gas at the
ultimate plant development level (approximately 1,000 MW of combined cycle capacity) of
the Cane Island site. However, subsequent to the completion of the lateral pipeline, a tap off
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from the Cane Island Latersl. This sublateral, installed in 1996, is an 8 inch diameter pipeline
with an estimated flow capacity of 20 to 30 million cubic feet per day at present-dsy FGT
mainline operating pressures. Under the contractual arrangements between KUA and FPC,
the service to the Intercession City Plant is on an “as available® basis and is interruptible
should KUA and FMPA require the gas supply for opesation of the Cane Island facilities.

The existing infrastructure of the FGT system following completion of the Phase III
expansion in February 1993 allows the flexibility to accommodate a certain amount of
capacity expansion by an increase of mainkine compression with minor looping of lines to
slleviste bottlenecks. This expansion will be accomplished as pert of the FGT Phase IV
expansion program discuseed below.

1A.3.3.4 Florida Gas Transmission Phase IV Expansion

On August 15, 1997, FGT initiated an "open season® for a proposed expansion of
mainline transmission capability to serve new markets.” This initistive was structured to
gauge potential demand for the prospective FGT Phase IV expansion project with an
estimated in-service date oflate 1999 or early 2000; however, depending upon market needs,
it was indicated thet a phased-in expansion at earlier dates may be possible.

FGT has indicated that the responses received from the August-September 1997 open
season were not desmed to be firm snd accurate to justify the formal implementation of the
Phase IV expansion of the FGT system at that time However, FGT continues to receive
inquiries snd hopes to formally file for Federal Energy Regulatory Commission (FERC)
approvals of the Phase [V expansion program in late 1998 as requests for additional
transmission services are firmed up. Under present planning scenarios, it is envisioned by
FGT that this expansion will primarily consist of additional compression capability installed

“The term “opes season” refers 1o the industry practice of conducting a survey of fiuture markont demands
for transport of astural gas prior o the design and coastruction of new line comstruction or expaision projects
ona axisting pipeline systems. The open-market survey is employed to “test the market” by requesting that
poteatisl shippers subunit son-binding expressions of interest or requests for asw or additional (incremental)
firm tramsmsission services or, in some cases, for the relinquishment from existing shippers of firm
tranemisgion capacity. This process allows the pipeline developer to asoertain the need for, the sxtent and
aature of pipeline capacity expension capacity volumes and the overall ecomomic feasibility of the proposed
project. The opea seasos is conducted under defised ground rules to assure the integrity of the shipper's
submissions and (he non-discriminstory anslysis of the responses.
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in the Panhandle and West Lag portions of the pipeline system and line extensions of existing
latera] branchlines. Looping of exdsting cormidors to alleviate capacity constraints is not
projected as being extensive. The Phase IV expansion of the FGT system should therefore
be capable of implementation at a relatively low incremental cost impact to existing and
prospective customers.

1A.3.3.5 Alternative Netural Gas Supply Pipelines for Peninsular Floride

Over the years a number of alternative schemes for pipeline delivery of natural gas to
Peninsular Florida have besn proposed to provide competition to the existing FGT system.
The most notable of these initistives is the *SunShine System” pipeline, proposed in 1993 by
SunShine Pipeline Partners, a subsidiary of the Coastal Corporation, to provide natural gas
from an interconnection to existing pipelines from Texas-Louisiana Gulf Coast production
regions and from onshore gas processing plants located in the Mobile Bay production region.
The interstate portion of the proposed system comprised approximeteiy 143 miles of new
pipeline extending from near Pascagoula, Mississippi, to delivery points in Escambia and
Okaloosa Counties, Florida. A ssparate proposed intrastate pipeline extended from the
Okaloosa delivery point sastward and then southward for a distance of alcut 502 miles to
terminate at the Florida Power Corporation's Hines Energy Complex site northwest of Fort
Meade (Polk County), Florida. The project inchuded a 27 mile lateral line to enable deliveries
to customers in the Pensacola (Escambia County) area. |

The primary customer of the project was to have beer Florida Power Corporation (FPC)
which acquired an equity position and firm transport conditional commitment in the pipeline
(January and February 1993). The project subsequently received preliminary (non-
environmental) approvals for the intrastate and interstate pipelines from the Florida Public
Service Commission and FERC, respectively.

The competitive threat to the estsblished pipeline system was countered by FGT which
reached agreement with FPC for gas transmission via the expanded FGT system. FPC
subsequently withdrew as an equity partner in the SunShine Project (September 1994) and
terminated the agreements for firm transmission service (February 1995). The project was
canceled in April 1995.
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The successor to the SunShine pipeline is the "Gulf Stream” pipeline which is also being
in the Mobile Bay region, cross the Gulf of Mexico to a landfall in Manatee County (south
Tampa Bay) to service existing and prospective electric generation and industrial projects in
south Florids. This project is in the development stage with the prognosis for ultimate
completion uncertain. In any case, the proposed routing of the pipeline across peninsular
Florida would appesr to be too far to the south to provide economic service to the Cane
Island site. Another proposal by Williams-Transco is also in the initial stage of development.

1A.3.3.6 Naturs/ Gas Supply et the Cane Isiand Site

Based on discussions with FGT, the natural gas supply at the delivery point to the Cane
Island lsteral will be fully adequate in terms of quantity and delivery pressure to support the
Cane Island Unit 3 facilities. In addition, natural gas transportation is sufficient to support
the fuel requirements of the proposed Cane Island Unit 3 facilities.
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a Consistency With Peninsular Floride Needs

1A.4.0 Coneistency With Peninsular Florida Needs

The Florida Relishility Coordinating Council (FRCC) is the North American Retiability
Council (NERC) Coordinating Council responsible for coordinating power supply reliability
in Peninsular Florida. As part of their reliability coordination activities, the FRCC provides
an annual summary and report of Peninsular Florida Ten-Year Site Plans. The annual
summary is then analyzed by PSC staff and utility members during annual workshops. The
most recent planning summary conducted by FRCC is the, “1997 Ten-Year Plan State of
Florida™ Published during 1997, this Ten-Year Plan sumenarizes utility loads and resources,
by type of capacity, through the year 2006. The summary also includes utility load forecast
data and propossd gemerstion expansion plans, retirements, and capacity re-rates. The
following sections summarize the results of FRCC's reliability analysis in the determination
of future capacity requirements for Peninsular Florida.

1A.4.1 Peninsular Florida Capacity and Rellability Needs

. Table 1A.4-1 presents the peak demand snd svailable capacity for Peninsular Florida for
summer and winter as presented in the 1997 Ten-Year Plan State of Florida. The available
capacity consists of existing capacity, capacity which has been certified under the Florida
Electrical Power Plant Siting Act, and proposed capacity changes not requiring certification
under the Florida Electrical Power Plant Siting Act as presented in the 1997 Ten-Year Plan
State of Florida. Figures 1A 4-1 and 1A 4-2 present peak demands and available capacity
from Table 1A 4-1 in graphical form.

Table 1A 4-] indicates that 689 MW of additional capacity is required in the winter for
Peninsular Florida to maintsin a 15 percent reserve margin beginning in 2000/01 and
increasing to 4,808 MW by 2006/07. Additional capacity is required beginning in 2003 to
maintain 15 percent reserve margin in the summer. Both needs are based on full load

Cane Island Unit 3's capacity will help contribute to alleviating the capacity shortfall in
Peninsular Florida and improve reliability beginning with its commercial operation on June ],
2001.
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E Demend-Side Programs

1A.5.0 Detmand-Side Programs

Both KUA and FMPA consider conservation and demand-side management (DSM) an
integral component in managing the efficiency of their electric systems and providing choice
to their customers. Conservation and demand-side mgnagoment programs for FMPA sre
genenlly administered by the individual All-Requirements Project member. Conservation
Act (FEECA). Although neither KUA nor any of FMPA's All-Requirements Project
members are currontly classified as FEECA utilities, KUA and FMPA both are committed to
conservation ead load mensgement programs.

Chapter 366.802, F1. Stat. requires the Public Service Commission (PSC) to review and
approve cost-effective utility conservation programs. In 1995, KUA performed s cost-
effectivenses analysis for over 70 proposed DSM measures and submitted the results to the
were not cost-effective. FMPA also regularly evaluates potential DSM programs to identify
any which may call for implementation. In order to ensure their DSM program evaluations

. were current for this site certification, KUA and FMPA performed & new cost-effoctiveness
snalysis using Cane Island 3 as the avoided unit of approximately 70 DSM programs using
the Florida Integrsted Resource Evalustor (FIRE). FIRE was originally developed by Florida
Power Corporstion. The results of the new analysis did not indicate any cost-effective DSM
measures. More detailed discussion of the DSM penctration and existing conservation
programs in place for KUA and FMPA are provided in Sections 1B.6.0 and 1C.6.0,
respectively.

1A.8.1 Florida integrated Resource Evaluator (FIRE) Resuits

The Florida Integrated Resource Evalustor uses avoided unit costs, DSM program costs,
operations and maintenance costs, rebates/incentives and other input variables to calculate the
incremental costs and incremental benefits of a DSM program. These incremental costs are
used to perform three cost-effectivencss tests: the Rate Impact Test, the Total Resources
Test, and the Participant Test. The DSM programs reviewed are listed in Table 1A_S-1, along
with the resuits of the FIRE analysis.

. 059140-070198-A 5-1



Table 1A.5-1

FIRE Remults

SRC Code DSM Program Description Impact | Com Costs
New Construction
RSC-1 High Efficlency Air Source Heat Pump 036 |0.24 0.36
RSC-8A Load Control for Residential Heat 000 |ool 8.6l
RSCSB Load Control for Residential Hoat 001 |oo2 866
REC-21A High Efficiency Ceatral AC 0.25 0.18 0.60
RSC-26A DLC of Comtral AC 030 |-066 1.00
RSC-26B DLC of Centsal AC 030 |-066 1.00
WH-10 DLC of Electric Water Heater 022 |04 1.00
PP-3 DLC of Pool Pumps 271 |om 1.00
SC-D-1 High Effickency Chiller 062 |99 28.50
. sC-D-2 High Bfficiency Chiller w/ASD 072 194 2.8
V-D-$ High Efficioncy Motors - Chiller 040 | 147 .92
VD9 High Eficiency Motors - DX AC 043 |19 $.93
L-D-25 Compact Flourescont Lamps (15/1827W) | 070 | 0.5s 0.00
L-D-26 Two Lamp Compact Flourescent (18W) 069 |oss 0.00
w-D-13 Hext Recovery Water Heater 057 |144 328
CD-19 Evergy Efficient Electric Fryers 007 |000 |440
Existing
Construction
RSC-1 High Efficiency Air Source Heat Pump 035 |o02s 0.60
RSC-SA Reduoed Duct Leakage 023 |o03s 2.16
RSC-SB Reduced Duct Leskage 023 |o3s 2.16
RSC-8A Losd Control for Residential Heat 001 o0l 862
RSC-8B Losd Coatrol for Residential Heat 001 |oo1 262
R5C-10A Ceiling Iasulation (RO-R19) 042 |os1 1.37

. 059140-070186-A
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The DSM moasures that correlate to the SRC codes listed in Table 1A.5-] are based on

the Electricity Conservation and Esergy Efficicncy in Florida study prepared by Synergic
Resources Corporstion for the Florida Energy Office.

058140-070198-A 58






E Supply-Side Allermatives

1A.6.0 Supply-Side Altermnatives

This Section presents a review of the conventional, advanced and renewable energy
resources evaluated by KUA and FMPA as potentisl capacity addition alternatives. Although
many technologies are not commercially visble at this time, cost and performance data were
developed in as much detsil as possible to provide the most accurste resource planning
evaluation In addition, due to the nature of some technologies dependence on site
characteristics and resources, it is difficult to accurstely estimate performance and costing
information. For this resson, some of the options have been presented with a typical range
for performance and cost. For most technologies, the performance and costs are based on
a specified size. In addition, an overall levelized cost range for the general technology type
is provided. This levelined cost of energy production accounts for capital, fuel, operstions,
and maintenance costs over the typical life expectancy of the unit, assuming municipal
ownership and financing. Coets for sdvanced technologies and renewable energy sources are
presented in 1998 dollars, and costs for conventional technologies are presented in 2001
dollars.

1A.8.1 Renewable Technologies
1A.0.1.1 Wind Energy Conversion

Wind power is growing significantly in the international market, but domestic growth in
the United States has boen slow. Worldwide installed wind power is over 5,000 MW, with
around 1,700 MW in the U.S. Germany and India accounted for almost two-thirds of all new
installations in 1996--nearly 900 MW. The U.S., .1 the other hand, lagged behind, adding
only 41 MW of new wind capacity. In the last 10 years, the U.S. share of total world wind
energy capacity has dropped from about 90 percent to 30 percent. Stagnation in the U.S.
market can be sttributed to the pending restructuring of the electric utility industry, which has
made utility power planners hesitant to plan new capacity additions.

Utility scale wind energy systems consist of multipie wind turbines that range in size from
100 kW to 1,000 kW. Muitiple turbines are used to supply the desired megawatt output.
Reasonably sized installations may be 5 to 50 megawatts in size. Wind energy provides
supplemental power when operating as a stand-alone resource with typical capacity factors
of 15 1o 40 percent, depending on wind regime in the area and energy capture characteristics
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of the wind turbine. To provide & peaking resource, wind energy systams may be coupled
with battery energy storage to provide power when required. Table 1A 6-1 provides wind
energy characteristics for 8 10 MW wind farm with average yearly wind speed of 20 miles per
hour.

1A.6.1.2 Solar

Solar energy consists of capturing the sun’s enorgy and converting it to either thermal
energy (solar thermal) or electrical energy (photovoltaics). Numerous options and techniques
are used for this purposs.
1A.6.1.2.1 Solar Thermeal, Solar thermal systems convert solar insolation to high
tempecature thermal energy, usually steam, which is then used to drive heat engines,
turbine/generators, or other devices for electricity generstion. Movre than 350 MW are
currently genersted by commercial solar thermal plants in the U.S. Solar thermal technologies
are appropriste for a wide rangs of intermediate and peak load spplications including central
power station power plants and modular power stations in both remote and grid-connected
areas.
In order to achieve the high temperature needed for solar thermal systems, the sunlight
is usually concentrated with mirrors or lenses. Three concentrating solar thermal collector
technologies have been developed. Each is characterized by the shape of the mirrored surface
on which the sunlight is concentrated. They are parabolic trough, parabolic dish, and central
receiver.
A measure of solar thermal plant efficiency is the ratio of net electric output to armual
solar enexgy received by the collector field. The amount of solar energy received is a product
of annual direct noemal solar radiation, in kWh/m?, multiplied by the total collector area. An
80 MW parsbolic trough solar thermal plant is represented in Table 1A.6-2.
1A.6.1.2.2 Photovoltaics. Photovoltaic cells convert sunlight directly into electricity by
the interaction of photons and electrons within the semiconductor materisl. To create &
photovoltaic cell, a material such as silicon is doped with atoms from an element with one
more or less electrons than occurs in its matching substrate (e.g., silicon). A thin lsyer of
each material is joined to form a junction. Photons, striking the cell, cause this mismatched
electron to be dislodged, creating a current as it moves across the junction. Through a grid




Table 1A.6-1
Wind Energy Conversion
Performance and Costs
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Table 1A.6-2
Solar Thermal - Parabolic Trough
Performance and Costs

2,870 - 3,600

47
4.1
98 - 14.6'




E Supply-Side Allsmatives

of physical commections, the current is gathered. Various currents and voltages can be
supplied through serics and paraliel arrays of celis.

The DC current produced depends on the material involved and the intensity of the solar
radiation incident on the cell. Most widely used today is the single crysta! silicon cell. The
source silicon is highly purified and sliced into wafers from single-crystal ingots or is grown
as thin crystalline sheets or ribbons. Polycrystalline cells are another alternstive, which are
inherently less efficienst than single crystal solar cells, but also cheaper to produce. Gallium
arsenide cells are among the most efficient solar cells today, with many other advantages, but
are also expengive.

Another approach to producing solar cells that shows great promise is thin films.
indium diselenide and cadmin telluride also show promise as low-cost solar cells. Thin film
solar cells require very little materiel and can be easily menufactured on s large scale.
Msanufacturing lends itself to automation and the fabricated cells can be fiexibly sized and
incorporated iato bullding components.

Current utility grid connected photovoltaic systems are generally below | megawatt in
size, however, ssveral larger projects ranging from 1 megawatt to 50 megawatts have been
proposed. Recently, Gresce funded 5 megawatts of photovoltaic power of a 50 MW
proposed plant on the isiend of Crete.

Numerous varistions in photovoltsic cells are available such as single crystalline silicon,
polycrystaliine, thin film siicon, ¢tc. and several structure concepts are availsble (fixed-tilt,
one-axis tracking, two-axis tracking). For representative purposes a fixed-tilt, single
crystalline photovoltaic system is characterized in Table 1A.6-3.

1A.6.1.3 Wood Chip

Direct wood chip combustion power plants in operation todsy essentially use the same
steam-Rankine cycle introduced into commercial use 100 years ago. Pressurized steam is
produced in a boiler and then expended through s turbine to produce electricity. Prior to
combustion in the boiler, the wood chip fiiel may require some processing to improve the
physical end chemical properties of the feedstock. Furnaces used in the combustion of wood

050 140-070108-A o4



Table 1A.6-3
Utility-Scale Photovoltaics

14
20
8.4-130
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The capacity of wood chip plants is usually less than 50 MW because of the large
quantities and dispersed nature of the fesdstock required. The stoker-fired grate is Limited
to the amount of fuel thet can be hendled. Wood chip plants will commonly have lower
efficiencies 82 compared to modern coal plants. The low efficiency is due to the lower hesting
value and higher moisture content of the wood chip fuel compared to coal. Also, finding
sufficient sources of fuel within @ 100 mile radius mey also limit the size of plant becsuse of

There are around 1,000 wood-fired plants in the country, with a typical size ranging from
10 to 25 MW. Only a third are operated to sell electricity, with the rest being owned and
operated by the forest-products industry for self generation. Table 1A.6-4 provides typical
characteristics of 2 50 MW wood-fired combustion plant assuming spreader-stoker furnace
technology using wet wood chips as fuel. ‘

1A.0.1.4 Geothermal
The production of geotharmal energy in the U.S. currently ranks third in renewable
energy sources, following hydroslectric power and biomass energy. In the United States, the
. electrical-generation industry bes an installed capacity of 2,900 megawatts of electricity
(MWe) from geothermal energy, and direct applications have an installed capacity in excess
of 2,100 thermal megawatts (MWt). Approximately 5,700 MWe are currently being
generated in some 20 countries from geothermal energy, and there are 11,300 MWt of
installed capacity worldwide for direct-heat applications at inlet temperatures above 95°F.
Geothermal power is limited to locations where geothermal pressure reserves are found.
In the United States, most of these reserves can be found in the western portion of the
country. Four types of geothermal power conversion systems are in common use. They are
sources are located in the state of Florida. For representative purposes a 25 MW binary-cycle
power piant is characterized in Table 1A.6-5. Capital costs of geothermal facilities can vary
widely as the drilling of wells can cost as much as four million doliars and the number of wells
drilled depends on success of finding the resource. Variable O&M cost will also include the
replacement of production wells.




Performance:
Typical Plant Capacity (MW)
Net Plant HHV Hest Rate (Baw/kWh)

Energy Capacity (MWh)

Capacity Factor (percent)
Costs:
Capital Cost (%kW)
O&M Costs:
Fixed O&M ($/kW-yr)
Variable O&M ($/MWh)

50

12,500 to 17,500
260,000

60

1,450 - 1,850




Table 1A.6-5
Geothermal
Performance and Costs

Commercial Status

Performance:
Typical Plant Capacity (MW)

Energy Capacity (MWh)
Capacity Factor (percent)
Costs:
Capital Cost (SAW)
O&M Costs:
Fixed O&M ($/kW-yr) 108
Varisble O&M ($/MWh) 72
Levelized Cost (cents/kWh) 34-12.1

(1) California Energy Commission, 1996 Energy Technology Status Report,
diusted to 1998 dollars.
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1A.0.1.8 Hydroelectric

Hydroelectric generation is usually regarded as a mature technology that is unlikely o
techniques and cost have and are changing. Capital costs are highly dependent on site
characteristics and may vary widely. To be sble to predict performance and cost, site and
river resource data would be required. Table 1A 6-6 has typical ranges for performance and
cost estimates.

1A.6.2 Waste Technologies
1A.8.2.1 Refuse o Energy Conversion

There are a wide variety of refuse types that have the potential to produce energy. The
use of municipsl solids wasts, used tires, and sewage shudge will be addressed in this section.
Economic feasibility of refuse to energy facilities is difficult to assess in general. Costs are
highly dependent on transportation, processing, and tipping fees associated with a particular
location.
1A.6.2.1.1 MSW fo Energy Conversion. Converting refuse or municipal solids waste
(MSW) to energy can be accomplished by a variety of technologies. These technologies have
been developed and implemented as a means of reducing the quantity of municipal and
agricultural solid waste. The avoided cost of disposal is primarily what will determine if a
waste to energy facility is economically feasible.

The degree of refuse processing determines the method used to convert municipal solids
waste to energy. Unprocessed refluse is typically combusted in a water wall furnace (mass
burning). After only limited processing to remove non-combustible and oversized items, the
MSW is fed on to a reciprocating grate in the boiler. The combustion generates steam in the
walls of the furnace, which is converted to electrical encrgy via a steam turbine generator
system. Other furnaces used in mass burning applications are refractory furnaces and rotary
kiln furnaces, which use other means to transfer the heat to the steam cycle or add a mixing
process to the combustion. For smaller modular units, controlled air furnaces which utilize
two stage buming for more efficient combustion, can be used in mass burning applications.
Table 1A.6-7 has typical ranges for performance and costs.

085140-07T0108-A ¢-10
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Commercial

10 to 1,500+

1,300 - 5,200

O&M Coats
Fixed O&M ($/AW-yr) 10-30
Varisble O&M ($/MWh) 1.5-4.0
Levelized Cost (conts’kWh) 33.63'
(1) California Energy Commission, 1996 Energy Technolcgy Status Report,
diusted to 1998 dollars.
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Table lA.6-7
Waste to Energy - Mase Burn Unit

Net Plant Hest Rate (Btw/kWh)
MSW Tons per Day 2,000
Capacity Factor (percent)
Availability (percent) 82
Costs:
Capital Cost ($&W) 2,000 - 3,000
O&M Costs:
Fixed O&M ($/kW-yr) 100 - 150
Variable O&M ($/MWh) 25-50
Levelized Cost (cents’kWh) 7.0-12.0"
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1A.6.2.1.2 RDF to Energy Conversion. Refuse Derived Fuel (RDF) is preferred in
many refuse to energy applications because it can be combusted in coal fired technologies.
Spreader stoker-fired boilers, suspension fired boilers, fluidized bed boilers, and cyclone
furnace units have all been utilized to generate steam from RDF. Fluidized bed combustors
are often preferred for RDF to energy applications due to their high combustion efficiency,
capability to handle RDF with minimal processing, and inherent sbility to effectively reduce
nitrous oxides and sulfur dioxide emissions. In ail boiler types the combustion temperaturs
for MSW or RDF must be kept at a temperature less than 800°F in order to minimize boiler
tube degradation due to chiorine compounds in the Sue gas. Table 1 A_6-8 has typical ranges
for performance and costs.

1A.6.2.1.3 Land/i Ges Energy Conversion. Previously landfilled waste can be
converted to energy by collecting the gases generated by the decomposition of waste in
landfills. To reduce smog production and the risk of explosion, many landfills are currently
required to collect the landfill gas and either flare the gas or generate energy with it. The
methane concentration is typically around 50 percent. To convert this clean burning low Btu
82s o electricity, the gas is piped from wells, filtered, compressed, and used in internal
combustion engine generation sets. Depending on the scale of the gas collection facility, it
may be feasible to blend this gas with natural gas and generate power via a combustion
turbine generator.

In general, landfills that have over one million tons of waste in place, a waste depth
greater than 40 feet, more than 30 acres available for gas recovery, and the equivalent of
25+ inches of annual precipitation are sites at which landfill gas recovery is economically
feasible. In many cases the payback period of landfill gas energy facilities is between 2 and
5 years. The capital costs will be highly dependent on the conversion technology and landfill
characteristics. Table 1A_6-9 has typical ranges for performance and costs.

0148-070108-A 13



Plant Capacity (MW)
Net Plant Heat Rate (BtwkWh)
MSW Tons per Day

Capacity Factor (percent)
Availsbility (percent)
Costs:
Capital Cost ($4W) 2,500 - 3,500
O&M Costs:
Fixed O&M ($/kW-yr) 150 - 200
Varisble O&M (3/MWh) 25-50
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Table 1A.6-9
Landfill Gas - IC Engine Unit
(Gas Collection/Processing Not Included)
Performance and Costs

Net Plant Heat Rate (BtwkWh)
Capacity Factor (percent)
Availability (percent)

Costs:
Capital Cost (3XW)
O&M Costs:

Fixed O&M ($/kW-yr) 09
Varisble O&M ($/MWh) 6.7
Levelized Cost (cents/kWh) 20-4.0°

(1) Unstaffed site.

(2) Californis Energy Commission, 1996 Energy Technology Status Report, adjusted

to 1998 dollars.
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1A.6.2.2 Seswage Siudge to Energy Conversion

The disposal of sewage shudge is a significant environmental problem. The combustion
of these materials in order to convert them into energy is one solution that has been proposed.
Dewatered sewage sludge has s heating value of up to 7,000 Baw/b. Typically the shudge has
been co-fired with coal in a fluidized bed combustor. Some problems of fluidized bed
agglomeration have bosn realized when utilizing large amounts of sludge. In addition to this
performance problem, the low heating value of this waste hes impeded the development of
sludge combustion. Other waste to energy methods are currently being investigated that
involve either digestion or fermentation of the sludge to produce a higher grade fuel or gas
for energy conversion. There are also a number of sewage recycling methods that convert
sludge to soil, fertilizer, or building materials. These applications compete with energy
conversion methods.

1A.0.2.3 Used Tire 0 Energy Conversion

The conversion of used tires to energy via combustion is attractive due to the high
heating value (15,000 - 17,000 Buw/b) of tire derived fuel (TDF). The co-firing of TDF with
coal can be done in either a cycione or conventional stoker boiler without system
modification. TDF at co-firing percentages of 2 to 10 percent has been utilized by =ight
utilities in the U.S. on a regulsr basis. In cyclone plants, the NO, emissions and trace metal
change with the co-firing of TDF. On an energy basis, the cost of TDF (processed to 1 inch
mesh) can be almost half that of coal. A new fiility designed to co-fire TDF with coal would
likely be a fluidized bed unit. Fluidized bed systems provide multi-fuel capability, in situ
sulfur removal, high combustion efficiencies, and low NO, emissions. The estimated cost and
performance of a 100 MW multi-fuel (10 percent TDF co-fire) circulating fluidized bed
system are shown in Table 1A.6-10. This plant has the Gexibility to process MSW to RDF
and co-fire up to 40 percent RDF with coal.

059140-0T0198-A .18



Table 1A.6-10
Multi-Fuel CFB
{~10 Percent TDF Co-Fire)
Performance and Costs
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1A.6.3 Advanced Technologies
1A.6.3.1 Brayton Cycles

The Brayton cycle is based on an ol gas cycle that uses air and combustion gases as the
working fluid, as opposed to the Rankine cycle that is a vapor cycle. Three of the Brayton
cycles that are showing promise for advanced technologies and discussed below include:
1A.6.3.1.1 Humid Alr. The humid sir turbine (HAT) cycle is an intercooled, regenerative
cycle buming netural gas with a saturator that adds considerable moisture to the compressor
discharge air 20 that the combustor inlet flow contains 20 to 40 percent water vapor. The
warm humidified air from the saturstor is then further heated by the turbine exhaust in &
recuperator before baing seat t0 the combustor. The water vapor adds to the turbine output
while intercooling reduces the compressor work requirement. The heat addition in the
recuperator reduces the amount of fuel heat input required. Table 1A_6-11 presents typical
performance and cost characteristics.
71A.60.3.1.2 Kalina Cycle. The Kalina cycle is a combined cycle plant configuration that
injects ammonia into the vapor side of the cycle. The ammonia/water working fluid provides
thermodynamic advantages based on the non-isothermal boiling and condensing behavior of
the working fiuid’s two-component mixture, coupled with the ability to alter the ammonia
concentration st various points in the cycle. This capebility allows more effective heat
acquisition, regenerative heat transfer, and heat rejection.

The cycle is similar in nature to the combined cycle process exoept exhaust gas from the
combustion turbine enters the hest recovery vapor generator (HRVG). Fluid (70 percent
ammonia, 30 percent water) from the distillation condensation subsystem (DCSS) enters the
HRVG to be heated. A portion of the mixture is removed at an intermediate point from the
HRVG and is sent to 2 heat exchenger where it is hested with vapor turbine exhaust from the
intermediate-pressure vapor turbine. The moistuie returns to the HRVG where it is mixed
with the balance of flow, superheated, anc' expanded in the vapor turbine generator (VTG).
Additional vapor enters the HRVG from the high-pressure vapor turbine where it is reheated
and supplied to the inlet of the intermediate-pressure vapor turbine. The vapor exhausts from
the vapor tusbine and condenses in the DCSS. Table 1A 6-12 presents typical performance
and cost characteristics.

05N140-870108-A 10



Table 1A.6-11
Humid Air Turbine Power Plant
Parformance and Costs
Commercial Status Development
Performance:
Typical Plant Capacity (MW) 250 - 650

Net Plant Heat Rate (Btw/kWh) 6,500

Capacity Factor (percent) 60 - 75
Conts:
Capital Cost ($&W) 410
O&M Costs:
Fixed O&M ($AW-yr)
Varisble O&M ($/MWh)

05H140-0T0158-A -19



Table 1A.6-12
Kaling Cycie Power Plant
Performance and Costs

Commercial Status ' Development
Performance:
Typical Plant Capacity (MW) 250 - 500

Net Plant Heat Rate (Btw/kWh) 6,700

Capacity Factor (peroent) 60-75
Costs:
Capital Cost (W) 1,025
O&M Conts:
Fixed O&M ($kW-yr) 10-12
Varisble O&M ($/MWh) 0.1-0.5
Levelized Cost (conts’kWh) 42-6.3

(1) California Energy Comemission, 1996 Energy Technology Status Report,

053140-0T0198-A 20
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1A.8.3.1.3 Cheng Cycle. Tho Cheng cycle, also known as the steam-injected gas turbine,
increases efficioncy over the gas turbine cycle by injecting large volumes of steam into the
combustor and/or turbine section. The basic Cheng cycle is composed of a compressor,
combustor, turbine, generator, and heat recovery steam generator (HRSG). The HRSG
provides injection steam to the combustor as well as process steam. The amount of steam
injection is limited to the allowsble loading of the turbine blades.

The typical application of the Cheng cycle is in & cogeneration plant where increased
power can be produced during low cogeneration demand and/or pesk demand periods.
Several small cogenerstion plants since 1984 have applied the Cheng cycle in California,
Japan, Australia, and Europe. Table 1A.6-13 presents typical performance and cost

1A.8.3.2 Advanced Coal Technologies

Coal continues to supply a large portion of the energy demand in the U.S. Current
research is focused on making the conversion of energy from coal more clean and efficient.
that have been developed to improve coal conversion efficiency.
1A.8.3.2.1 Supercritical Pulverized Coal Bollers. New generation pulverized coal
boilers can be designed at supercritical steam pressures of 3,000 to 4,500 psig, compared to
the conventional 2,400 peig subcritical boilers. This increase in pressure can bring the overall
efficiency of the unit from below 40 percent to nearly 45 percent. This efficiency increase
coupled with the latest in emissions control technologies is expected to keep pulverized coal
systems environmentally and economically competitive with other generation technologies.
Table 1A 6- 14 presents typical performance and cost characteristics.
7A.0.3.2.2 Pressurived Fluidized Bed Combustion. Pressurized fluidized bed
combustion (PFBC) is a variation of fluid bed technology in which combustion occurs in a
pressure vessel at 10 to 15 atm. The PFBC process involves burning crushed coal in a
limestone or dolomite bed. High combustion fficiency and excellent sulfisr capture are
advantages of this technology. In combined cycle configurations PFBC exhaust is expanded
to drive both the compressor and gas turbine generator. Heat recovery steamn generstors
transfer hest from this exhaust to generate steam in addition to the steam generated from the
PFBC boiler. Overall thermal efficiencies of PFBC combined cycle configurations are 45 to
47 percent. These second generstion PFBC systems are in the development stage.
Table 1A 6-15 presents typical performance and cost characteristics.

080140-07T0198-A 21



Table 1A.6-13

Cheng Cycle Power Plant
Performance and Costs

1,025

12
06
56-124
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Table 1A.6-14
Supercritical Pulverized Coal Power Plant
Performance and Costs

Typical Plant Capacity (MW)
Net Plant Heat Rate (Btu/kWh)

Capacity Factor (percent)

Avuilability (percent)
Costs:
Capital Cost ($XW)
O&M Costs:
Fixed O&M ($/kW-yr)
Varisble O&M ($/MWh)
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Table LA 6-15
PCFB Power Plant
Performance and Costs

Development

80 - 350

8,600 (6,700 2nd generstion)
60-75

1,330 - 2,050
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1A.6.3.3 Magnetohydrodynemics

Magnatobydrodynamic (MHD) power generation converts the thermal energy of a high
velocity ionined gas to electricity. Current prototypes and conceptual designs typically use
the high tempersture combustion of coal to produce a partially ionized flue gas which can be
passed through s magnetic field. When this highly conductive plasma-like flue gas is
accelerated in 3 nozzie and then passed through a channel perpendicular to a magnetic field
an electric fisld is induced. To successfully ionize the flue gas the combustion temperstures
must be around 5,000°P. Amdmnlu:hupoﬂnndddtotboﬂmpﬂww
increase gas conductivity.

An MHD system in simple cycle configuration only converts a portion of the flue gas
energy to electricity. To optimize the performance of sn MHD system, the energy in the not
flue gases exiting the MHD geserstor can be utilized to generate steam for additional power
goneration. This combined cycle configurstion can result in an efficiency increase of 15 to
30 percent over conventional steam plant efficiencies. The overall thermal efficiency could
potentially be as high as 60 percent.

Emission levels can be effectively controlled in MHD systems. NO, levels are controlled
by desiguing time-tempersture proflies within the radiant boiler that promote the
decomposition of NO, formed in the combustion process. The potassium seed in the flue gas
reacts with the sulfir compounds to produce a solid potassium sulfate. The spent seed is
can be controlied by electrostatic precipitator.

Currently, MHD power generstion technology is still in the development stage.
Estimates on operation, performance, costs, and availability are based primarily on conceptual
designs. Although variety of the individusl subcomponents of this technology have been
developed and tested, the operstion of a fully integrated system has not been demonstrated.
currently there is no commercial application ¢ MHD technology that demonstrates that this
improved performance is feesible. Table 1A 6-16 summarizes the characteristics of a
conceptual 100 MW MHD plant. It is expected that MHD plant sizes will be 500 MW or




Table 1A.6-16
Magnetohydrodynsmic Combined Cycle Plant
Conceptual Performance and Costs
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1A.6.3.4 Fuel Colis

Fuel cells are devices that can convert a hydrogen rich fuel directly to electricity through
an dlectrochemical reaction. Fuel cell power systems have the capability of high efficiencies
because they are not limited by the Camot efficiency that limits thermal power systems.
Conumnercial statioaary flsel cell plants are fueled by natural gas. The most developed fel cell
technology for stationary power is the phosphoric acid fuel cell (PAFC). Currently PAFC
plants have efficiencies on the order of 40 percent. Fuel cells can sustain high efficiency
operstion oven under part load conditions and they have a rapid response to load changes.
The construction of fuel cells is inherently modular, making it easy to size plants according
to power requirements. Cusvent PAFC plants range from around 200 kW to 10 MW in size.
PAFC cogeneration facilities can attain efficiencies approaching 85 percent when the thermal
enorgy from the fuel cell is utilined. Also, the potential development of fuel cell/gas turbine
combined cycles could reach efficiencies of 60 to 70 percent.

In addition to the potential for low heat rates and low O&M costs, the environmental
benefits of fisel cell remain one of the primery reasons for commercialization. With natural
gas as the fhel source, carbon dioxide and water are the only emissions. High capital costs
are the primary disadvantage of fuel cell systems. These costs are expected to drop
significantly in the future as development efforts continue. Fuel cell plants are ty;ically less
than 10 MW in size. The performance and costs of a 200 kW unit are shown in
Table 1A.6-17.

1A.0.3.5 Fusion

Theoretically the potential for fusion power is great. Energy is released when two light
nuclei such as deuterium and tritium undergo fusion to form & hesvier nuclei such as helium.
This new muclei has less mass than the total of the two original nuclei, resulting in a release
of energy. Lasge amounts of energy are released if this fusion reaction can be sustained, but
fusion also has high initistion energy requirements. A temperature greater than 50 million K
is required to sustain & deuterium-tritium resction.
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Table 1A.6-17
Fusl Cell Power Plant
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The concept of & fusion power plant is appealing not only because huge amounts of
energy can be produced from relatively small amounts of readily available resources (water
and Lithium), but also because the fusion process has only a very limited impact on the
environment. In comivast to fission, the fusion power plant is not likely to undergo s
emit strong radistion during its moderate half lifs of approximately 12 years.

Despite the attractive possibilities of fusion, it has yet to yield a net enargy output. At
the cusrent level of development, the energy required to sustain the fusion resction is still over
twice the amount produced. Recently, fusion ressarch funding has been cut dramatically in
the U.S. The Princeton Tokamek Fusion Test Reactor has been decommissioned in the
spring of 1997 due to auts in federal funding of the program. Alternative basic resecrch on
various aspects of fusion contimue, and the international effort to develop a viable fusion
power facility is otill significant. Nonetheless, it is likely to be well into the next century
before fusion develops to the point of commercial viability.

1A.0.3.¢ Ocean Wave Energy

. Wave energy systems convert the kinetic and potential energy contained in the natural
oscillations of ocean waves into slectricity. There are a variety of proposed mechanisms for
the utilization of this energy source, most of which are still in the demonstration or prototype
testing stage. The optimel regions for wave power applications typically occur between 40
and 60 degrees latitude, although seas that consistently experience trade winds can also
produce sufficient wave energy for power applications. The potential for the utilization of
wave enorgy is the greatest for offshore/decp wave plants, but the technical barriers and
devices are the primary technologies for converting wave energy. Both types of systems
convert the oscillatory flow of sir or water (driven by the waves) to power via a turbine.
of electricity interconnection and transmission, and low reliability have kept wave energy
systems from being developed commercially. The high capital costs of such systems have
deterred the implementation of wave energy systems. Tabie 1A 6-18 presents typical

.



Table 1A.6-18
Oceoan Wave Power Plant
Pearformance and Costs

Commercial Status
Performance:
Typical Plant Capacity (MW)

Net Plant Heat Rate (Btu/k'Wh)

Capacity Factor (percent)
Costs:
Capital Cost ($kW)
O&M Costs:
Fixed O&M ($/kW-yr)
Varisble OkM (3/MWh)







Table 1A.6-19
Ocean Tidal Power Plant
Performance and Costs

1,030 - 4,120
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In OTEC systems, the relstively small temperature difference between the warm and cold
thermal reservoirs and the lerge pumping power required combine for & very low overall
system efficiency. The best potential for OTEC sites are in tropical and sub-tropical areas
because of the higher tempersture difference between the surface and the deep water.
Although the potentia! of utilizing this zero emissions conversion technology is attractive, the
high capital costs are expected to delsy implementation. There are also some environmental
Questions yet to be smswered regarding the effect of high pumping flow rates and local
temperature changes on the surrounding aquatic eavironment.

OTEC systems are still in the development stage. A few 50-200 kW demonstration
sysiems are being designed or tested in Hawaii. Due in part to the low cost of fossil fuels
which makes OTEC implementation less competitive, funding for OTEC research has been
limited. Currently, new hest exchanger configurations are being tested for closed cycle
OTEC systems which could potentially improve performance and efficiency of OTEC
sysiems,

1A.6.4 Energy Storage Systems
. 1A.6.4.1 Pumped Storage

A pumped storage hydroelectric facility requires a reservoir/dam system similar to
conventional hydroelectric facility. Excess energy is used to pump water from a lower
TeseTvoir to an upper reservoir sbove s dam.  When this energy is required, the potential
energy of the water in the upper reservoir is converted to electricity as the water flows
through a turbine to the lower reservoir. Capital cost is the primary consideration in
implementing this storage technology. With carefil planning and construction, the
environmental impect of this technology will be negligible. For this study, estimates of the
cost and performance of a 30 MW pumped storage system has been provided. Table 1A.6-20
presents typical performance and cost estimates.
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Table 1A.6-20

Pumped Storage
Performance and Costs

Commercial

30 (5 hour duration)
150
20
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1A.0.4.2 Battery Storage

A battery energy storage system consists of the bettery, dc switchgear, dc/ac
converter/charger, transformer, ac switchgear, and a building to house these components.
During the utility peak periods, the battery system can discharge ac power to the utility
system for around 4 to S hours. The batteries are then recharged during nonpeak hours. In
addition to the high initial cost, a battery system will require replacement every 8 to 10 years.
Currently, the only commercially available battery systems are lead-acid based systems.
Research to develop better performing batteries such as sodium-sulfur and zinc-bromine
batteries is currently underway. Commercially availabie lead-acid systems have currently been
installed with capacities of up to 21 MW, 140 MWh. The overall efficiency of battery
systems is on average 72 percent from charge to discharge. The cost and performance of a
5 MW (15 MWh) system is provided in Table 1A.6-2].

1A.8.4.3 Compressed Alr Energy Storage

Compressed air energy storage (CAES) systems store energy in the form of compressed
air in an underground cavemn. Air is compressed during off-peak hours, stored in an
underground cavern and then used when needed by expanding the compressed gas through
a turbogeneration system. In combustion technology applications, over half the energy
produced by the turbine generator is required to drive the compressors. The ability to
compress the working fluid during the off-peak hours is the advantage of the CAES system.
During peak hours the compressed air from the cavern is extracted and preheated in the
recuperstor. Once heated, the air is combusted with oil or gas and the hot exhaust is
expanded through the combustion turbine. The location of a CAES plant must be suitable for
cavern congtruction. To utilize this storage method, a new plant will typicaily be designed
around the CAES system requirements.

The first commercial scale CAES plant in the world is a 290 MW piant in Huntorf,
Germany. This plant has been operated since 1978, providing 2 hours of generation with
8 hours of charging. In 1991, a 110 MW CAES facility in Mcintosh, Alabama, began
operation. CAES units have a reputation for achieving good availsbility. Table 1A 6-22
shows the performance and cost characteristics of the compressed air energy storage.
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13.5

310 (includes replacement)
12.0- 140




Table 1A 6-22

Compressed Air Energy Storage
Performance and Costs
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Table 1A.6-23
Nuclear Power Plant
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1A.6.6 Conventional Technologles

size of the alternatives selected considered the need for capacity and the suitability of the
Cane Island site for installation of the alternatives. The alternatives considered include
specific altematives that KUA and FMPA have studied in the past as well as generic
alternatives. Conventional generating unit altematives considered for capacity expansion
included the following:

e Pulverized coal

e Fhuidized bed.

® Combined cycls.

e Simple cycle combustion turbine.

Combustion turbine based alternatives were based on the size and performance of specific
machines, but were not intended to limit consideration 10 only those machines. There are a
number of combustion turbines availsble from different manufacturers with similar sizes and
performance characteristics. The pulverized coal and fluidized bed units are assumed to be
the first units located ot new undetermined sites. Combined cycle and simple cycle
combustion turbines were assumed to be installed on the Cane Island site and to take
advantage of existing infrastructure.

Performance and O&M cost estimates have been compiled for each capacity addition
alternative. The estimates provide representative values for each generation altemnative and
show expected trends in performance and costs within a given technology as well as between
based on site conditions, regulatory requirements, and operation practices. Capital costs for
conventional technology alternatives are in 2001 doliars.

1A.6.6.1 Performance Estimates

1A.6.6.1.1 Net Plant Output. Net plant output (NPO) which is equal to the net turbine
output less auxiliary power, refiers to the net generation of the plant, after all internal uses and
losses, that is available for uses outside the plant.

1A.6.6.1.2 Equivalent Avallablilty (EA). Equivalent availability is a measure of the
capacity of a generating unit 10 produce power considering limitations such as equipment
failures, repairs, and maintenance activities. The equivalent availability is equal to the
maximum possible capacity factor for a unit as limited by forced, scheduled, and maintenance
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outages and deratings. The equivalent availability is the capacity factor that a unit would
achieve if the unit were to generate every megawstt-hour it was available to generate.
1A.0.0.1.3 Equivalent Forced Outage Rate (EFOR). Equivalent forced outage rate
is a relisbility index which reflects the probability that a unit will be capable of providing
power when called upon. It is determined by dividing the sum of forced outage hours, plus
equivalent forced outage hours, by the sum of forced outage hours plus service hours.
Equivalent forced outage hours take into account the effect of partial outages and are equal
to the number of full foroed outage hours that would result in the same lost generation as
1A.0.8.1.4 Planned Maintenance Outage. Estimates are provided for the time
required each year to perform scheduled maintenance.

1A.0.6.1.8 Startup Fuel, Estimates for startup energy, where applicable, in millions of
Btu, are based on the fuel required to bring the unit from a cold condition to the speed at
which synchronization is first achievable under normal operation conditions.

1A.6.0.1.6 Net Plant Heat Rate. Estimates for net plant heat rates are based on the
higher heating value of the fsel. Heat rate estimates are provided for summer 95° F ambient)
and ISO (59° F) conditions for combustion turbines and combined cycle units. Allowance for
heat rase degradation over time because of aging has been included. Heat rates may vary as
a result of factors such as turbine selection, fuel properties, plant cooling method, auxiliary
power consumption, air quality control system, and local site conditions.

1A.6.0.1.7 Degradation. For steam plants, the performance degrades with time due to
erosion, corrosion, and increased leakage. Similarly, the performance of simple cycle
combustion turbines and combined cycle plants will degrade with time. Part of the degraded
performance can be recovered by periodic maintenance and overhauls. However, some
performance cannot be recovered. Approximations for performance degradation, which were
applied to the new clean performance estimates of the combined cycle and simple cycle
alterantives, inciuded a 2 percent heat rate and 4 percent output degradation. A 2 percent
heat rate degradation was assumed for the pulve: .zed coal and fluidized bed aliermnatives. No
capacity degradation was assumad.
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1A.6.6.2 Cost Estimates

1A.6.6.2.1 Caplisl Costs. Capital costs were developed on the basis of the current
competitive generation market. Indirect costs include the typical items of engineering,
construction management, general indirect costs and contingency. In addition, other indirect
costs including SCADA interface costs, spares, owner's engineer, permitting, training, and
substation costs to integrate the unit into the Cane Island substation, in order to place the
costs on a comparsble basis with costs resulting from purchase power bids, were included.
Indirect costs for the larger alternatives, the 501G simple cycle and combined cycle, the I1x1
SOIF , and the 2x1 7EA, include a transmission line interconnection to FPC's Intercession
dampers, slong with continuous emissions monitoring equipment.  Direct costs for all
alternatives include a fuel oil storage tank. Costs for the coal units to be located at a new site
include costs for a substation and land costs based on average typical site requirements, and
s land cost of $2,000 per scre. Total capital cost is the summation of direct and indirect cost
and interest during construction for commercial operation in 2001. The construction period
is the time from start of construction to commercial operation. The construction period was
used to estimate costs for interest during construction (IDC).

Based on discussions by the Department of Environmental Protection (DEP) in the City
of Lakeland Electric and Water Utilities Technical Evaluation and Preliminary Determination
for the C.D. Mcintosh, Jr. Power Plant Unit 5, 501G combustion turbine, an SCR will be
required for the 501G-series combustion turbines prior to 2002. Based on the DEP’s
determination, capital and operating costs for an SCR have been included for the 501G
combustion turbine besed alternatives for 2001. Beginning in 2002 these costs are not
included in the economic evaluations since, based on the sbove DEP evaluation, the 501G
combustion turbines will be capable of achieving BACT without the use of SCRs.
1A.6.6.2.2 O&M Costs. O&M estimates are based on a unit life of 25 years for
combustion turbines and combined cycles, variable and fixed contingency of 20 percent, and
baseload capacity factor (except simple cycle un”s). The fixed O&M analysis assumes that
the fixed cost will remain constant over the life of the plant in real dollars. Fixed O&M costs
are those that are indopendent of plant electrical production. The largest fixed costs are
wages and wage-related overheads for the permanent plant staff. Fuel costs typically are
determined separately and are not included in either fixed or variable O&M costs. The O&M
costs presented in this report are typically referred to as nonfuel O&M costs. Variable O&M
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costs include disposal of combustion wastes, consumables such as scrubber additives,
chemicals, lubricants, water, and maintenance repair parts. Variable O&M costs vary as a
function of plant generation.

1A.0.8.2.3 CoalFueled O&M. O&M and performance estimates for the cosl-flssled
alternatives were based on the following assumptions.

Fxed O&M costs include operating staff salary costs, basic plant supplies, and
administrative costs. Variable operations costs inclhude an assumed lime cost of $95/ton for
fiue gas desulfurization (FGD) and Limestone cost of $22/ton for the CFB, waste disposal
which includes trucking to an onsite landfill dozing and flattening (mobile recisim
equipment), end startup fuel oll. Variable maintenance costs are the costs associated with the
inspection/maintenance of plant components based on the operating time of the plant, such
as steam turbine imspection costs. Staffing estimates provided are based on recent utility
experience with modern fhcillities.

An additional varishle OM cost of 0.73 /MWh is included for the SCR, which includes
NH, costs and catalyst replacement costs. For the SNCR, the additional variable O&M cost
is approximately 0.52 $/MWh for NH, costs. The pulverized coal unit is assumed to require
SCR, while the fluidized bed unit is ass. med to require SNCR.
1A.6.6.2.4 Combined and Simple Cycle O&M. O&M and performance estimates for
the combined cycle and simple cycle units were based on the following assumptions:

® Primery fuel-Naturai gas.

® NO, control method—Dry low NO, combustors.

® Capacity and heat rate degradation of 4 and 2 percent, respectively, has been

included in the performance estimates.

® Combustion turbine generator (CTG) maintenance estimated costs provided by

manufacturers.

® CTG specialized lsbor cost estimated at $38/man-hour for Westinghouse and

$3S/man-hour for General Electric (provided by manufaciurers).

® CTG operstional speres, combustion spares, and hot gas path spares are not

included in the O&M cost. These costs are included in the capital cost.

®  Heat recovery steam generstor (HRSG) annual inspection costs are estimated based

on manufacturer input and Black & Vestch data.
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®  Stesm turbine annual, minor, and major inspection costs are estimated based on
Black & Veatch data. Annual inspections occur every 8,000 hours of operation,
minor overhauls occur every 24,000 hours of operation, and major overhauls occur
overy 48,000 hours of operstion.

® The costs for demineralized cycle makeup water and cooling tower raw water are
inchuded.

¢  Two additionsl staff are included.

® The varisble O&M analysis is based on a repesting maintenance schedule for the
CTG and includes replacement and refurbishment costs. The annual average cost
is the estimated sverage cost over the 25 year cycle life.

e  O&M costs for the simple cycle LM6000 and TEA are based on a 5 percent capacity
factor.

® O&M costs for the simple cycle 501G and 7F A are based on a 10 percent capacity
factor.

o  O&M costs for all the simple cycle combustion turbines are based on 200 starts per
year.

1A.6.8.3 Pulverized Coal

A 250 MW pulverized cosl unit with dry scrubber, electrostatic precipitator, and selective
catalytic reduction (SCR) was sclected as a solid fucled alternative. The unit is assumed to
be the first unit st s undetermined new site in Central Florida. Coal is assumed to be delivered
by ruil and cooling is achieved with mechanical draft cooling towers. Table 1 A.6-24 presents
the estimated cost and performance of the 250 MW pulverized coal unit.

1A.8.6.4 Fluidized Bed

A 250 MW atmospheric circulating fluidized bed unit (CFB) with selective noncatalytic
reduction (SNCR) was selocted as another solid fuel alternative. The CFB is capable of
burning a wide range of fuels. For expension pluaning purposes, the CFB is assumed to burn
coal. Like the pulverized coal unit, the CFB is assumed to be the first unit at a undetermined
new site in Central Florida. Coal is assumed to be delivered by rail and cooling is achieved
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with mechenical draft cocling towers. Table 1A.6-25 presents the estimated cost and
performance of the 250 MW CFB unit.

1A.6.6.5 Combined Cycle

Four combined cycle units were sclected as generating unit alternatives:

® 1x] General Electric TEA  (Table 1A.6-26)

® 2x1QCeneral Blectric 7TBA  (Table 1A 6-27)

® | x] Westinghouse 501FC  (Table 1A.6-28)

® 1x] Westinghouse 501G (Table 1A 6-29)

The combined cycles all utilize conventional, hesvy-duty industrial type combustion
turbines. The combined cycles would be dual fueled. Specifications for performance and
operating costs are based on natural gas fuel and baseload operstion. The combined cycies
assume that emission requiremnents will be met with dry low NO, combustors. SCRs are only
inciuded for the 501G. The units weuld be located at the Cane Island site and would utilize
existing common facilities to the extent possible. Adequate natural gas pressure is assumed.
Therefore, astural gas compressors are not included.

1A.6.8.6 Simple Cycle Combustion Turbine

Four simple cycle combustion turbines were selected as generating unit alternatives:

®  General Electric LM6000 (Table 1A 6-30)

©®  General Electric 7BA (Table 1A.6-31)

¢  Westinghouse 501G (Table 1A-6-32)

®  Gaemeral Electric 7FA (Table 1A.6-33)

The TEA, 501G, and TFA combustion turbines are hesvy-duty industrial combustion
turbines. The LMG000 is an aeroderivative combustion turbine. The combustion turbines are
dual fueled with specifications for performance and operating costs based on natural gas
operation.
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Item
Steam Pressure, psia
Steam Temparature, °F
Reheat Steam Tempersture, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Baseload Duty
Foxed O&M Cost, 1998 $k<W.y
Varisbls O&M Cost, 1996 SMWh
Equivalent Availsbility, peroent
Equivalent Forced Outage Rate, percent
Planned Maintenance Outage, woelka/y
Startup Fuel (cold start), MBtu
Construction Period, months

kW Output, Net Plant Heat Rate (NPHR), HHV,
Btuw/kWh

100 Percent of Full Load 240,749/10,157
75 Percent of Pull Load 180,562/10,275
50 Percent of Full Load 120,374/10,967
25 Percent of Full Load 60,187/13,302

1) Includes interest during construction.
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Item
Steam Pressure, psia
Steam Tempersturs, °F
Reoheat Steam Temperature, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Coet, 2001 $1,000
O&M Cost-Bassload Duty
Fixed O&M Cost, 1998 $4W-y
Variable O&M Cost, 1998 $/MWh
Equivalent Availsbility, percent
Equivalent Foroed Outage Rate, percent
Planned Maintenance Outage, weeks/y
Startup Fuel (cold start), MBtu
Construction Period, months
kW Output, Net Plant Heat Rate (NPHR), HHV,
Btw/kWh
100 Percent of Full Losd 242,794/10,250
75 Peroont of Full Losd 182,095/10,353
50 Percent of Full Load 121,397/11,025
25 Percent of Full Load 60,698/13,295

1) Includes interest during construction.




Table 1A.6-26
Generating Unit C1 .
TEA 1 x 1 Combined Cycle

Item
Steam Pressure, psis
Steam Tempersture, °F
Rehest Steam Temperature, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Bassioad Duty
Fixed O&M Cost, 1998 $/kW-y 3.29
Varisble O&M Cost, 1998 $/MWh
Equivalent Availability, percent 92.1
Equivalent Foroed Outage Rate, percent 3.7
Planned Maintenance Outage, weeks'y
Startup Fuel (cold start), MBtu 59
Construction Period, months 20

kW Output, Net Plant Heat Rate (NPHR), HHV,
Buv/kWh 98°F 59°F

100 Percent of Full Load 109,939/8,114 | 124,166/7,849
79 Percent of Full Load 86,852/8, 454 | 98,091/8,100
59 Percent of Full Load 64,864/9,219 | 73,258/8,738
38,479/11,288 | 43,458/10,478




Table 1A.6-27
Generating Unit Charscteristics
TEA 2 x 1 Combined Cycle

Itemn
Steam Pressure, paia
Steam Temperature, °F
Roheat Seeem Temperaturs, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Baseload Duty
Fixed O&M Cost, 1998 $4kW-y 2.24
Varisble O&M Cost, 1998 ¥MWh
Equivalent Availebility, perosnt 94.1
Equivalent Forced Outags Rate, percent 1.7
Planned Maintenance Outage, weeks/y 2.25
Startup Pusl (cold start), MBtu
Coastruction Period, months 22
kW Outpazt, Net Plant Hest Rate (NPHR), HHV,
Btuw/kWh 95°F 59°F
100 Percent of Full Load 222,096/7,938 | 250,416/7,791
75 Peroant of Full Load 166,572/8,258 | 187,812/8,025
50 Percent of Full Load 111,048/8,178 | 125,208/7,869
55,524/9,865 62,604/9,309
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Table 1A.6-28
Westinghouse 1 x 1 501F Combined Cycle

Item

Steam Pressure, peia
Steam Temperaturs, °F
Rsheat Steam Tempersture, ‘F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Bassioad Duty

Fixed O&M Cost, 1998 $/kW.y

Varisble O&M Cost, 1998 $MWh
Equivalent Aveilability, percent
Equivalent Forosd Outage Rate, percent
Planasd Maiatensnce Outege, wesks/y
Startup Pual (cold start), MBtu
Construction Period, months
kW Output, Net Plant Heat Rate (NPHR), HHV,
BavkWh

100 Percent of Pull Load

75 Percent of Full Load

52 Percent of Full Load

27 Puroent of Pull Load

1,800
1,050
1,050
83,622
33,945
117,567

2.08
2.58
918
4.1
2.25
84
20

95°F

59°F

236,630/6,945
175,106/7,483
123,048/8,011
63,890/10,474

261,792/6,815
196,344/7,141
138,750/7,699
73,302/9,854

1) Includes interest during construct.on.
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Table 1A.6-29
Genersating Unit Characteristics
Westinghouse | x 1 501G Combined Cycle

Item
Steam Pressure, psia 1,815
Steam Temperature, °F 1,050
Rehost Steam Temperature, “F 1,050
Direct Capital Cost, 2001 $1,000 107,386
Indirect Capital Cost, 2001 $1,000 39,976
Total Capitsl Cost, 2001 $1,000 147,363"7
O&M Cost-Bessload Duty
Fixed O&M Cost, 1998 SAW-y 1.95

Varisble O&M Cost, 1998 $MWh 227
Equivalent Availshility, percent 83.0
Equivalent Foroed Outage Rate, percent 133
Planned Maintenance Outage, wesks/y 2.25
Startup Puel (cold start), MBwu 92
Construction Period, months 22

kW Output, Net Plant Heat Rate (NPHR), HHV,
Bu/kWh 95°F 59°F

100 Percent of Full Load 294,960/7,062 | 333,456/6,784
75 Percent of Full Load 221,220/7,437 | 250,092/7,083
50 Percent of Full Load 147,480/8,190 | 166,728/7,714
25 Porcent of Full Load 73,740/10,788 | 83,364/9,967
(1) Includes interest during construction.
(2) After 2001, SCR is not included and totai capital cost is reduced to $145,157 in

2001 dollars.
(3) After 2001, SCR is not included and variable O&M is reduced to $2.14/MWh in

1998 dollars.
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Table 1A.6-30
Generating Unit Charscteristics
Genoral Electric LM6000 Simple Cycle

Item
Steam Pressure, pais
Steam Temperatuse, °F
Rebeat Steam Tempersture, “F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Baseload Duty
Fixed O&M Cost, 1998 $KkW-y
Varisble O&M Coat, 1998 $MWh 6.92
Equivaient Availability, percent
Equivalent Forced Outage Rate, percent 2.3
Planned Maintenance Outage, weeks'y 1
Startup Fuel (cold start), MBtu 6
Construction Period, months 13

kW Output, Net Plant Hest Rate (NPHR), HHV,
BavkWh 95°F 59°F

100 Percent of Full Load 33,360,893 41,664/9,417
75 Pescent of Pull Load 25,020/10,475 | 31.24809,806
50 Percent of Full Load 16,680/11,639 | 20,832/10,650
8,340/15,136 10,416/13,183
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Table 1A.6-31
Genersting Unit Characteristics
General Electric TEA Simple Cycle

Item

Steam Pressure, peis

Steam Tempersture, *F

Rebeat Steam Temperature, °F

Direct Capital Cost, 2001 $1,000

Indirect Capital Cost, 2001 $1,000

Total Capital Cost, 2001 $1,000

O&M Cost-Baseload Duty
Fooed O&M Cost, 1998 $4W-y
Varishie O&M Cost, 1998 $/MWh

Equivalent Availability, percent

Equivalent Forced Outage Rate, percent 2.1

Planned Maintenance Outage, weeks/y

Startup Fuel (cold start), MBm 12

Construction Period, months 13

kW Output, Net Plant Hest Rate (NPHR), HHV,

BtwkWh 95°F 59°F
100 Percent of Full Load 72,432/12,335 | 81,552/11,959
75 Percent of Full Load 54,324/13,504 | 61,164/13,050
50 Percent of Full Load 36,216/15,844 | 40,776/15,300
25 Pearcent of Full Load 18,108/23,515 | 20,388/22,097




Table 1A.6-32
Unit Characteristics
Westinghouse 501G Simple Cycle

Item

Steam Pressure, psia
Steamn Tempersture, °F
Rohest Steam Temperaturs, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Coet, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Baseload Duty

Fixed O&M Cost, 1998 $AW-y

Varisbls O&M Cost, 1998 $/MWh
Equivalent Availability, percent
Equivalent Forced Outage Rate, percent
Planned Maintenance Outage, weeks'y
Startup Fuel (cold start), MBtu
Construction Period, months
kW Output, Net Plant Hoat Rate (NPHR), HHV,
Btu/kWh

100 Percent of Full Load

75 Percent of Full Load

50 Percent of Full Load

25 Percent of Full Load

84.2

1.5
18
15

95°F

59°F

197,040/10,502
147,780/11,377
98,520/13,128
49,260/18,757

223,872/10,047
167,904/10,854
111,936/12,470
55,968/17,322

(1) Includes interest during construction.

(2) After 2001, SCR is not included and tota capital cost is reduced to $72,522 in 200)

dollars.

(3) After 2001, SCR is not included and varisble O&M is reduced 10 $10.24/MWh in

1998 dollars.




Table 1A 6-33
Generating Unit Characteristics
General Electric 7FA Simple Cycle

Item
Steam Pressure, paia
Steam Temperature, *F
Rehest Steam Tempersture, °F
Direct Capital Cost, 2001 $1,000
Indirect Capital Cost, 2001 $1,000
Total Capital Cost, 2001 $1,000
O&M Cost-Baseload Duty
Fixed O&M Cost, 1998 $AW-y
Varisble O&M Cost, 1998 $MWh
Equivalent Availability, percent 94.5
Equivalent Forced Outage Rate, percent 2.7
Planned Maintenance Outage, weeks/y 1.5

Startup Puel (cold start), MBtu 35
Construction Period, months 13

kW Output, Net Plant Heat Rate (NPHR),
HHV, Ba/kWh 95°F $9°F

100 Percent of Full Load 147,168/11,063 | 165,312/10,698
75 Percent of Full Load 110,376/12,030 | 123,984/11,546
50 Percent of Full Load 73,584/14,090 82,656/13,400
36,792/20,339 41,328/19,122




a Supply-Sids Allsratives

1A.6.7 Request for Proposais to Purchase Power

KUA and FMPA conducted a two-phase evaluation of purchased power alternatives
based on bids received from a request for proposals for purchased power issued May 28,
1997. The comparison of purchase power bids included applicable transmission rates,
transmission upgrade costs, and loss percentages. Certain nonprice items were also included
in the evaluation including pricing terms and flexibility, supply availsbility for economy
transactions, dispatchability, fuel risks, transmission path, commercial visbility of technology,
and potential environmentsl effscts. Detalls of the RFP process for KUA and FMPA are
presented in Sections 1B.9.0 aad 1C.9.0, respectively.

1A.6.8 Supply-Side Screening

KUA and FMPA conducted individual scresning anslyses to determine the least cost
aliernative for capacity addition to their systems. The screening analysis was conducted in
two phases. The first phase of the screening process, further described in Subsection
1A.6.3.1, was performed based on a broad-based comperison of the cost, commercial
feasibility, and applicability of sach generating technology.

The sscond phase screening analysis of the remaining generating alternatives was
performed based on s comparison of the total cumulative present worth cost of each capacity
sddition alternative. EGEAS, an optimal generation expansion model, was used to determine
the least cost cumulative presest worth expansion plans for both utilities. The economic
analysis included all cost, performance, and economic parameters listed in Sections 1A.3.0,
1B.4.0, and 1C.4.0. The sscond phase screening analyses are presented in Sections 1B.9.0
and 1C.9.0.

1A.6.8.1 Phase One Screening

1A.6.8.1.17 Renewsble Technologies. Renewable technologies evalusted as capacity
addition alternstives included wind energy, solar thermal and photovoltaics, wood chip fired,
geothermal, and hydroelectric. Wind energy, solar themnual, and photovoitaics were deleted
from consideration based on high capital costs (tv © to three times that of Cane Island 3) and
low capacity factor. Wood chip fired generating alternatives were deleted based on high
capital cost, environmental emission concerns, and lack of raw materials for bascload
operation. Geothermal and hydroelectric generating altematives were deleted based on high
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Supply-Side Alematives

capital cost and lack of natural rescurces. Cost and performance data for these alternatives
is presented in Tables 1A.6-1 through 1A.6-6.

1A.8.8.1.2 Waste Technologies. Waste energy technologies evalusted include mass
bumn units, Refuse Derived Fuel (RDF), landfill gas, sewage sludge and used tire fiacled
generating units. All waste technology altematives were eliminated based on high capital
is presented in Tables 1A.6-7 through 1A.6-10.

1A.0.8.1.3 Advanced Technologies. Advanced technologies evaluated include
humid sir turbine (HAT), Kalina and Cheng cycles, advanced coal technologies,
for these altermstives is presented in Tables 1A.6-11 through 1A 6-19.

1A.0.8.1.4 Energy Storage Systems. Energy storags systams evalusted include
pumped storage, battery storage, compressed air energy storage, flywheel storage, and super
analysis based on low opersting capecity factor and high capital and operating costs. In
addition, a majority of these alternatives are considered experimental. Cost and performance
data for these alternatives is presentad in Tables 1A.6-20 through 1A.6-22.

1A.6.8.1.8 Nuclear. Nuciesr power plants are capital intensive, which requires that large
units be built to benefit from economies of scale. The high capital cost and licensing
requirements of a nuciear facility eliminates it as an alternative. Cost and performance data
for a typical nuclesr power plant is presented in Tables 1A 6-23.

1A.6.8.1.6 Conventional Technologies. Conventional generating unit alternatives
considered for capacity expansion include pulverized coal, fluidized bed, combined cycle and
simple cycle combustion turbines. These alternatives were included in the second phase
EGEAS screening analysis. Cost and performance data for these alternatives is presented in
Tables 1A 6-24 through 1A.6-33.
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E FMPP Nead for Cane lsland 3

1A.7.0 FMPP Need for Cane island 3

KUA and the FMPA All Requirements Project are both members of the Florida
Municipal Power Pool (FMPP) along with Orlando Utilities Commission (OUC) and the City
of Lakeland Electric & Water (Lakeland). All of the generating units for each of the members
are economically committed and dispatched by OUC to meet the combined loads of FMPP.
Savings from the combined commitment and dispatch, over what each utility would have
among the Pool members by prescribed formulas. Thus, the addition of Cane Island 3 will
not only reduce costs for KUA and FMPA, but will also reduce costs for OUC and Lakeland.
To project the savings to FMPP from the addition of Cane Island 3, the PROSYM
chronological production costing program was used to model FMPP with and without Cane
Island 3. Load forecasts and generation expansion plans for the FMPP members were based
on information contsined in the 1997 Ten Year Site Plans.

FMPP is an energy pool only and requires the members to supply their own capacity.
Thus, for the case without Cane Island 3, KUA and FMPA would still be required to install
or obtain capacity in 2001, since without Cane Island 3, both KUA and FMPA could not
maintain a 1S percent reserve margin. For evaluation purposes, it was assumed that KUA and
FMPA would install a simple cycle General Electric 7FA and 7EA as described in Section
1A.6.0 for a total summer capacity of 220 MW, which nearly equals the summer capacity of
Cane Island 3. Since these units are simple cycle combustion turbines, they would not require
licensing under the Florida Electrical Power Plant Siting Act. Table 1A.7-1 presents the
FMPP annual and cumulative present worth savings in total production costs. Annual costs
listed include all system costs for 1997 through 2006. As shown in Table 1A.7-1, the
projected cumulative present worth production cost savings to FMPP from the installation
of Cane Island 3 is estimated to be $26,633,000 from cnly the first 6 years of operation.
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a FMPP Need for Cane lsland 3

Table 1A.7-1
FMPP Savings With Cane Island 3
Total Annual FMPP Production Total Annual FMPP Production
Cost Cost Savings
Cumulative
With Cane Without Cane Anmnual Present Worth
Island Isiand Savings Savings
($1000) ($1000) ($1000) ($1000)
1997-2000 0 0 0 0
2001 260,970 267314 6,344 5,403
2002 275,005 281,402 6,397 10,567
2003 287,186 293,575 6,389 15,455
2004 301,123 306,762 5,639 19,545
2005 309,142 312,936 3,794 23,131
2006 326,205 331,579 5374 26,633
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a . Analysis of 1900 Clsan Alr Act Amendments

1A.8.0 Analysis of 1990 Clean Air Act Amendments

While the Florida Electrical Power Plant Siting Act carefully bifurcates the need for the
power plant from the environmental impacts of the ficility, the necessity of meeting
environmental requirements has cost and performance impacts on the facility. The Clean Air
Act requirements have the greatest impact on the power plant's cost and performance.

1A.8.1 History of the Clean Alr Act

The Clama Air Act of 1970 was designed to protect human health and the environment
by regulating the amount of poliutants released to the atmosphere. The major regulated air
pollutants include carbon monoxide (CO), nitrogen oxides (NO,), sulfur dioxide (SO,),
hydrocarbon compounds (or volatile organic compounds, VOC), ozone, lead, and suspended
pearticulates (PM/PM,,). NO, and SO, contribute to the formation of acid min. The Hsted
pollutants, commonly refierred to a3 criteria pollutants, have been regulsted primarily through
Nationsl Ambient Alr Quality Standards (NAAQS) and the respective state implemented

. programs thet support the NAAQS.

In the late 1980, as it came time for Congress to reauthorize the Clean Air Act, air
costly per unit of pollution removed. Under the 1990 Clean Air Act amendments, Congress
required the EPA to establish an emissions trading program that would cut the emissions of
sulphur dioxide in helf by the year 2000. Under the program established by the EPA, existing
power plants were allocated sulfur dicodde allowances with a given number of additional
allowances suctioned each year. An aBowance holder can emit 1 ton of sulfur dioxide for
each allowance. Firms holding the allowances can use the allowances to emit poliutants, bank
the allowances for the next year, or sell the allowances to other irms. Total emissions will
fall because the sulfur dioxide emissions associated with the number of allowances availsble
is less than existing emissions.

General discussion of the Unit 3 construction, operating, and acid rain permitting
requirements associated with the Clean Air Act, is given below. However, a more detailed
discussion of the Unit 3 enviromnental impacts and permitting requirements is given in
Volumes 2 through 5 of this Site Certification Application. Additionally, the compliance
strategy for KV A and FMPA for sulfur dioxide emissions is detailed in Volumes 1B and 1C.
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E Analysis of 1900 Clean Alr Act Amendments

1A.8.2 Authority to Construct

The Cane Island Power Park is required to comply with the Clesn Air Act and the current
Florida air quality requirements stemming from the Act. An authority to construct (ATC)
permit must be obtained prior to the construction of Unit 3. One sspect of the ATC permit
is the determination of Best Available Control Technology (BACT). Major criteria poliutants
included in the BACT analysis are NO,, VOC, CO, and PM/PM,,. Unit 3 will achieve BACT
for NO, through the use of drv low NO, combustors which will limit the NO, emissions to 12
to 15 ppm while firing natural ges. When firing No. 2 oil, water injection will be used to limit
NO, emissions to 42 ppm. Unit 3 will achieve BACT for CO, VOCs, and PM/PM,, through
the use of good combustion control practices. Limited operation while firing No. 2 oil
(approximately 30 days per year) will kesp Unit 3 below the threshold level for SO, .

1A.8.3 Title V Operating Permit

Along with the ATC, the Cane Island Power Park will be required to obtain an operating
permit under Title V of the Clean Air Act. All three units of the Cane Island Power Park will
ultimately be included in a single Title V permit. Requirements under the Title V permit for
Unit 3 will require similar emissions control and operations to those required under the ATC
BACT determination.

1A.8.4 Title [V Acid Rain Permit

In addition to the construction and operating permit requirements of the Cane Island
Power Park, the regulsations implementing the Acid Rain provisions of the Clean Air Act
amendments require that electric utility units obtain acid rain permits. Unit 3 will be a Phase
IT unit requiring SO, allowances for emissions. Volumes |B and 1C present KUA's and
FMPA'’s plans for supplying the SO, allowances necessary for operation of Unit 3. The acid
rain permit requires the installation of continuous emissions monitoring equipment (CEM) and
fuel flowmeters, which sre included in the design and cost of Unit 3.
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Analysis of Utllity Fuel Prices
in the South Atlantic Region
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Kissimmee Utility Authority
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. Andiyaes of Uity Fuel Prices Prepared for Kissimmee Litity Authonity
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Analysis of Utility Fuel Prices
in the South Atlantic Region
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prepared contempocansonsly. The long<erm forecasts of prices to South Admatic uilities are sll directly
comparable.
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Analvis of Utiliry Fusl Prices Prepared for Kissimerss Uity Autheciry
Forecast Highlights
Distillate

Distiliate sl prices rose sharply at the end of 1996. but bave sinos declined sigaiSicaly in 1997, Tha
vy facwors camsing the i 996 prics run-ep, ncinding tacermincy over frasi oil expents and vary sher
isvensories. 208 gone. and dissilless priess hewe lagely foliowed the dowaward trend in crade prisss
sines the beginning of e year. Ths poes of distillass (New Youk Harbor spet cargoes) has deslinnd
from a high of 72.0 caam por galios it November 996 10 52.7 censs in Sepsamber. over & 27% drep.

o the shorr . peiges will rise modersaly, supporeed by both slightly finming crods prioss and
sescunl devesdl.  Curyam distillats mvemsories ars above hiorically sversge levels and shomt 20%
shove the low lsvels of las year a2 this time. so the acysy mock shorcages of last year end the monking
sorang prices should wot be repested this hesting scason.  The posce of Emillate (New Yok Harbor spet
mtsﬂunﬁtﬂlwﬂhh thit Decamber. ﬂMWswhlﬁ
below lam Decomsber's icvel.

In the long-smm. distillans prices sre determined primarily by the peios of crade oil. DIRT's fovecam is
et roal crede prices will decline moderamcly dyough 2000. Stag 2on-OPEC prodection, wesk
OBCD desasl. and e eveneeal Rl minsspduction of kagi crede will slow sverage real ceie pelas
© decline 10 showt 517.00 par buzral in 2000. Danl dimilless prioss will aleo dualine over the mam
puind. with sassnnl prisss remaining ssomntinfly 8. The price of Gmillasy fasl oil % weilities in the
Semh Atamic sagion wall fill slighaly frem $4.84 por MMIts (82.] conm par galion) in 1996 w 54.69
par M (30.5 conms por gallen) in 3000.

Allar 2000, wordd oil prisss will increnss moderaniy in real momg. Az pepdumios from memey pas-
OPEC rcpoy wemms. 3en-OPEC axplomsion and producsion coss will inssesss and OPEC's maplen
shaes will gradunily grow. Ranl crods prices will incranse ot abast 1.0% par year thecugh 2020, w jest
over £15.00 per basrel. Disnillass prisss will sigo follow this trand. cenching §13.37 par Ml
{3230 por galion) in sewumal sermg v onlities m the South Atlamtic cogins by 2020,

In 1996, tomi dimiies feel demund was 3.4 million barsls par day (WAl). This copsusssted 13.4% of
il poonlte comsumption, md dillete £l is secend caly W gessline in pewolam prodec
dmmad The wamspormsion secaor is the dessionss cospamer of dimtillesy faal, with dissel fiml md
marins =ad rail digillam acoownting for €3.3% of wml dimilists Gl demend The babmes is
consusmesl by the {ashentyral, residemsial, consumarcial, mad electric utility secaors, with stilities consuming
Juit 44,000 b (1.3% of the otal).
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. Anslvyis of Utilivy Fusl Price for Kissinemse Utility Aathericy

¢ Over the forseax peried. tocal distiliass foal demend will grow by 1.0% per year, resshing 4.3 millien
b by 2020. The transportasion secter will remain the dominamt conswaer of disilies el and wil
raslize the grestast voinme ncreass i total distillecs domandd. For the satiomary soms. competisien
from satural gas will play o key tole in shifting deosnd. Distillass densnd in the remdensinl angd
commmercial saceors will decline. edustrial coasamprion. will increase slighty, and demand Som alsceric
powss gemerators will increnss strongly, withough the %ol volems will remsin small (340,000 Wid),
The gowth in desand for dimiliess feal by clecaricity gemmators (incinding induserial cogenarssors)
dus in lnzge pans 10 ias wee 28 & back-up foel for gus-fired nits.

Distillate Prices

Ko Fower industry - South AGastic Region
(Doliarz por Milan)

. ‘ pai
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Anaivsis of Fuel Pricm ) for Kissimemee Uiilisy Anthariey

Natursl Gas

¢ Naaosl gas pricss in eusly 1997 cxoseded 54 per MMBtu compared to prioss abowe $3 in 1996
Howswe, prisws wenlumed siguificantly in March snd Apri) bafors rebounding in May sad Juss. Gas
oucing will remsin very volusile omil e aew pipslias projecs sre completsd.  Naswral gas prinm
e aguin seasibed the 53 lowel in low Sepuember 1997. This is evilescs of e volmility thee hes
poowid ia maslon over the pax two yours. The swrvex v s based wpen sormal wamber,
which ia combinmien with sdegmas sioxags amd & otenl cegpt from ewclesr statiess, prsagm
seduen peiss over this wisnw. Eidher abuermel wenther or severs suciesr cutages could trigger
subotassinlly highor prices this winser.

® Naaosl ges mpply increnses ars expucted to 4o at imast sdequats sl possibly excessive by 2000.
Fioxt. mowrve adiicians hawe smesnded produstion ia meh of the past ™wo yeurs i the Usised Staame.
Alm. by 2000, eapesisy addisions of 5 0 10 By from Caada, the Rocky Mousssing s
the desp Gulf of Muuies hove the posmtial 1o ewais & “pr- “wubbls™ even though g dommnd &
pesjomad 0 guww by wp 00 7 Defey. Thus sanural gas prices aee oxpostd %0 wankum a8 now sugply
muress ars adid 00 the US. marker

*  Swil desand groweh will sheech the now supplies and gas mariots will retarn to & bettar balencs sfier
M. Fer 1997, dannd gowth vwas shesm ia the flast bhalf but is eupoond %0 inemans signifienmly
i o sosnnd baif  cvasage 2% S the yar,. DRI sapos damend growth fir 1997 0 2000 @
sveage shout 1.9 Beliiay por yusr.

®  The price of seteral gas © shewiric guasrsters is the South Atlantic ragion was £3.18 por MO in
1996. This was the highus svacags prics of ol saginng, and 16% sbove the nsioenl svasegs. Over the
Seoenast pudind, inssensnd funl compesision s pipsline capesicy expansions will allow the gap with
other myions © sanww considembly, sypesinlly with other mgisns i e East For mmsh of the
fhomast pasind, s svwngs prics of seapnl gas  wiillies in the Sowh Atiamic region will be sham
T% chowe the nuslonsil svesage, and this will Sl w jum #% by 2020,

Natarsl Ges Prics
Eanac Pewer indugey - Souih Atnsis Ragien
Oullen por Mdlber)

w® o B u b 8 &

Y . v v 1
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Anaiysis of Uiy Fuel Prices Prepared for Kissimmas Ubiity Asthornty

Tais A1
Shen-Tomn Fomcant of
Distiiais Pusl Priess
Now York Harber Spat Cargase and
Tampa, Piocids Pomted Pricas
(Came per Gallon)
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Afsivain of LNy Fuei Prices Preparec for Kissimmee Uty Acanty
Tabls A3

Loag-Tomn Femeant of
Gecwic Power inkusey

St Astantic Region
(Dellars por MMEW)

1904
we

i
111111 ‘

:

EEEEBEeoERIUNEREES

hadl Sansery & Pears O



Ansiyns of Uity Fuet Prices Prepemnd for Kissimimes LUtilty Authority
Tabla B4
Shon-Tem Forecast of
Naturni Gap Prices

Honsy Hub and Oulf Coast Spet
(Dollars per MMBL)

1008
Jan 4 128
Fed 280 i3
Mar M wm
A 27 i8
oy FEJ | 18
Jun 23 i
Jul . rl )
Aug % b k]
Sep 1.0 1.72
oa’ 185 1.75
Nev 78 283
Do .90 n

e
Jan 400 M
Feb b1 ) n
Mar 1.8 1.9
A 1.0 m
ey 15 b T
. JaR b1 1] n
Jd i1 o7
g 218 an
tep .5 08

Fomeant

Ooa 320 393
Nev . 2N
Dec 314 w2

"
Jan wn V.
Feb 4 230
M r A1 am
Apr 113 204
My 200 .00
Jn .18 .11
Sl 4 07
A 03 1.9
sep 208 1.9
Oct n 1
Moy M 218
Dec 282 150
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Anmys of Uity Fusl Pricas
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Ansiysis of Uy Pyusil Pricss Preparea for Kissimmes Uity Authonty
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