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Introduction

This Energy Commission staff report presents the levelized cost estimates for several generic
central-station electricity generation technologies. This is one of a number of reports that the
Energy Commission staff is preparing, under the direction of the Ad Hoc Integrated Energy
Policy Report Committee, to support the development of the 2003 Integrated Energy Policy
Report.

The Energy Commission staff would like to acknowledge the work of several consultants in
putting together the information for this project. Dr. Richard McCann, along with Ron Ishii,
Ed Miller, Peter Asmus, Larry Slomiski, John Kessler, and L. Knox provided the data the
Energy Commission staff used in this report. In addition to providing data, Dr. McCann
provided the financial models used in this analysis.

Overview

California has traditionally adopted energy policies that balance the goals of supporting
economic development, improving environmental quality and promoting resource diversity.
In order to be effective, such policies must be based on comprehensive and timely
information. With this goal in mind, the purpose of the report is to provide levelized cost
estimates for a set of renewable (e.g., solar) and nonrenewable (e.g., natural gas-fired)
central-station electricity generation resources, based on each technology’s operation and
capital cost. Decision-makers and others can use this information in assessing the generic
costs to build a specific technology. This report also identifies the type of fuel used by each
technology and a description of the manner in which the technology operates in the
generation system.

This report is intended to provide a basic understanding of some of the fundamental attributes
that are generally considered when evaluating the cost of building and operating different
electricity generation technology resources. But these costs do not reflect the total costs to
consumers of adding these technologies to a resource portfolio. The technology costs in this
report are not site-specific. If a developer builds a specific power plant at a specific location,
the cost of siting that plant at that specific location must be considered. Some projects may
require radial transmission additions, fuel delivery, system upgrades or environmental
mitigation expenses.

This levelized cost analysis does not capture all of the system, environmental or other
relevant attributes that would typically be examined by a portfolio manager when conducting
a comprehensive "comparative value analysis" of a variety of competing resource options. A
portfolio analysis will vary depending on the particular criteria and measurement goals of
each study. For example, some forms of firm capacity are typically needed in conjunction
with wind generation to support system reliability requirements. Some projects may also
require radial transmission additions, fuel delivery, system upgrades or environmental
mitigation expenses.



Staff has made numerous changes to the preliminary draft report that was originally
published on February 11, 2003. The Integrated Energy Policy Report Committee held a
workshop on February 26, 2003 to take public comments on the matter. The original study
focused on capital, rather than developmental costs. The report now includes development,
land acquisition, and permitting costs for all technologies based on comments received at the
workshop. Certain parties also expressed concern that staff had systematically understated
several costs associated with gas-fired plants. In response to this latter set of comments, staff
has:

e Changed the heat rate assumed for Combined Cycle units from 6,900 to 7,100
MMBtu/kWh,

¢ Included water cooling costs for gas-fired units,

e Added air-district-specific emissions costs that are shown in Table 4, and

e Made more precise estimates of costs associated with Significant Catalytic Reduction
(SCR) operations, solid waste disposal, costs of overhauls, and capacity degradation
rates.

Purpose

As part of the Integrated Energy Policy Report proceeding, the California Energy
Commission staff developed cost estimates for central-station electricity generation
technologies. These estimates are intended to provide a general guideline on the expected
costs of different technologies for policy makers and the public, and to assist resource
planners in screening generation options.

Technology Costs

Table 1 shows the results of the cost analyses for various technologies. Expected levelized
costs, constant annual payments made over the life of the plants, are shown to provide a
common basis of measurement. By convention, levelized costs are given in constant, or real,
dollars and use 2002 as the base year. To the extent possible, this evaluation relies on
general economic and electricity system assumptions. Details about assumptions specific to
each technology are included in the individual technology characterizations in the attached
appendices. These costs are for generalized project descriptions and costs for actual projects
will vary from those shown below, depending on a number of possible site-specific
considerations. This information should be used only as general estimates of ownership costs
for different technologies. They are not intended to be the sole criterion used in an
investment decision, which necessarily involves an evaluation of many other factors.

Estimates of levelized costs are provided for power plants that use natural gas as an energy
source and for plants that use renewable energy sources. The costs for these technologies are
listed below in Table 1. Gas-fired plant costs are derived from Energy Commission staff
analyses. The expected levelized cost for a generic new baseload combined cycle plant is



5.18 cents per kWh. However, this estimate increases to 5.34 cents per kWh for a unit
located in the South Coast Air Quality Management District. When duct firing is added to
the above-mentioned unit, this cost increases further to 5.37 cents per kWh.

Energy Commission staff estimates show that a combustion turbine, with an in-service year
of 2004 and used for peaking service with a 10 percent capacity factor, can be expected to
deliver this peak capacity and energy at a cost of 15.71 cents per kWh. Geothermal flash
technology has the lowest levelized costs at 4.52 cents per kWh, with wind next at 4.93 cents
per kWh. Hydropower is projected to provide load-following power at 6.04 cents per kWh.
Geothermal binary plants have an expected cost of 7.37 cents per kWh. Solar thermal
parabolic trough units have expected levelized costs ranging from 13.52 to 21.53 cents per

kWh.
Table 1
Levelized Costs by Technology
Enerav Source | Oberatin Economic| Gross Direct Cost
Technology ngueI pMo de 9 Lifetime | Capacity Levelized
(years) (MW) (cents/kWh)
Combined Cycle Natural Gas Baseload 20 500 5.18
Simple Cycle Natural Gas Peaking 20 100 15.71
Wind Wind; Resource | o mittent 30 100 4.93
Limited
Water; Resource |Load-Following,
Hydropower Limited Peaking 30 100 6.04
Solar Thermal
Parabolic Trough |0 RESOUMCe ) o4 Following | 30 110 21.53
Limited
Parabolic Trough- [Sun; Resource .
TES Limited Load-Following 30 110 17.36
Sun/Natural
Parabolic Trough- |Gas; Load-Following;
Gas Partially Peaking 30 110 13.52
resource limited
Geothermal
Flash Water Baseload 30 50 4.52
Binary Water Baseload 30 35 7.37

In considering these figures, it is important to note the relationship between the expected
economic (or “book™) life of a project and levelized cost. In this report, the standard loan

period is 12 years. For project finance, this means that the entire dollar outlay associated with
completing the project (or the “instant cost™) is allocated during years one-through-twelve of
the project. In contrast, levelized cost calculation spreads these costs across all years of a
project’s operation. The levelized cost of a highly capital intensive project, such as



Gas-Fired Power Plants Cost Comparisons

Table 4

Technology Air District U?i?ify Fuel Oﬁ;ztéve Dl_iz";t"(z;:jt
Combined Cycle Bay Area PG&E Natural Gas | Baseload | $0.0524
Combined Cycle Sacramento  |PG&E Natural Gas | Baseload | $0.0523
Combined Cycle Kern County |SoCal Natural Gas | Baseload | $0.0518
Combined Cycle Mojave Desert |SoCal Natural Gas | Baseload | $0.0519
Combined Cycle South Coast |SoCal Natural Gas | Baseload | $0.0534
Combined Cycle San Diego SDG&E Natural Gas | Baseload | $0.0527
Combined Cycle w/Duct Firing |Bay Area PG&E Natural Gas | Baseload | $0.0526
Combined Cycle w/Duct Firing |Sacramento |PG&E Natural Gas | Baseload | $0.0525
Combined Cycle w/Duct Firing |Kern County |SoCal Natural Gas | Baseload | $0.0520
Combined Cycle w/Duct Firing |Mojave Desert |SoCal Natural Gas | Baseload | $0.0522
Combined Cycle w/Duct Firing |South Coast |SoCal Natural Gas | Baseload | $0.0537
Combined Cycle w/Duct Firing |San Diego SDG&E Natural Gas | Baseload | $0.0529
Simple Cycle CT Bay Area PG&E Natural Gas |Peaking $0.1574
Simple Cycle CT Sacramento |PG&E Natural Gas |Peaking $0.1575
Simple Cycle CT Kern County |SoCal Natural Gas |Peaking $0.1571
Simple Cycle CT Mojave Desert |SoCal Natural Gas |Peaking $0.1571
Simple Cycle CT South Coast [SoCal Natural Gas |Peaking $0.1576
Simple Cycle CT San Diego SDG&E Natural Gas |Peaking $0.1579

Caveats

The analysis presents the costs in terms of levelized costs. Levelized costs can be interpreted
as a constant level of revenue necessary each year to recover all expenses over the expected
economic life of the project, assuming all costs are known. Levelized costs for any power




plant are a function of all the fixed and varying annual costs (e.g., financing, operations and
maintenance, and fuel).

Capital costs for construction are a function of debt and equity financing terms. Debt
financing is typically structured with a fixed term and interest rate, and periodic repayments.
Equity financing is usually a residual return from revenues after all other costs, including
debt repayment, have been covered. In this analysis, debt financing costs were based on the
expected terms for a merchant-financed project with a 12-year loan and a BBB debt rating in
November 2001. These terms may have changed significantly, and the industry certainly
faces a much wider range of terms than it did at that time. Expected equity returns are
typically between 12 and 16 percent. In this analysis, the equity target was set at twice the
debt rate. In addition, other significant costs are incurred for arranging project financing.
These costs range from 1.5 to 12 percent of total project investment, depending on the size of
the project and the deemed creditworthiness of the project developer. This factor was set at
zero percent for this analysis because no appropriate level could be chosen without project-
specific details.

A second set of costs which vary by project are regional and site specific permitting and
infrastructure costs. These cost differences have been documented in a report prepared by
Aspen Environmental Group for the Commission in December 2002 “Regional Cost
Differences Siting New Power Generation in California Report.” The cost of acquiring air
quality permits and offsets, and water supply sources vary substantially depending on what
region the plant is located. For example, emission offset costs for a 500 MW combined cycle
plant can vary from less than $5 million to over $20 million. Water supply costs can vary
from less than $200 per acre-foot to over $600. The costs for gas-fired power plants are
presented for specific regions to reflect these differences. However, even these cost
estimates may not accurately reflect the specific circumstances for any one project.
Installation of pipelines, substations and transmission lines are a function of proximity to
utility interconnections, and cannot be easily generalized. In addition, general permitting
process costs vary substantially depending on project specifics and jurisdiction. For this
reason, these costs are not included in this analysis.

The levelized costs shown in this report are for “greenfield” projects, so they do not include
any demolition costs, nor do they reflect any benefits from previously existing infrastructure.
The use of levelized costs over a 20 to 40 year time horizon largely mitigates the effects from
any short-run price deviations. While prices may achieve short-run spikes for various
reasons, including war or other tragedies, those prices may also plunge due to an over-
supply. The forecast is intended to reflect an average of the expected range of conditions
over time rather than to trace patterns.

On the other hand, projects may provide benefits to the generation portfolio by hedging risks
associated with fuel-price or energy-availability volatility. Such benefits can be provided by
projects that can deliver power at a consistent rate on demand from energy sources where

costs are not correlated with fossil fuel prices. The magnitude of the benefits is a function of:

10



1. The volatility of natural gas prices and energy availability from intermittent renewables
such as hydro and wind power, and
2. The consistency and control of the power output of the resource.

Some of these benefits can be gained through financial contracts that fix fuel prices, but
“physical hedges” where the resource energy supply is separate from fossil fuel provide
additional societal insurance. This cost model does not include the risk-hedging benefit
because that analysis is complex and dependent on the system mix of resources and contracts
for those resources.

Natural gas variability is an important factor that can affect the cost of the gas-fired
technologies. Hedging natural gas prices and hedging cost could be an important element in
determining the actual cost. However, in this analysis, staff did not consider the hedging
impact.* One must also note that the intermittent nature of wind and run-of-river hydro
projects decreases their value relative to dispatchable units.

The costs presented in this report taken alone are not sufficient to choose among
technologies. The choice will depend on the resource system portfolio, and how the specific
resource performs within that portfolio. Other factors such as reliability, operational
flexibility, environmental considerations, and appropriate scale are important as well.
Developing the appropriate resource portfolio involves balancing least cost and best fit
objectives.

Emerging Technologies

In addition to the technologies mentioned previously in this report, staff also obtained
levelized cost estimates for emerging technologies. Such technologies require further
breakthroughs in research and development before they will be considered commercially
viable on a central-station scale. These technologies include various fuel cell units (costs
given in Appendices E — I); Solar Photovoltaics, Appendix M; and Solar Thermal — Stirling
Dish, Appendix P. Of these technologies, Solar PV has shown its usefulness as a distributed
generation technology. However, the levelized cost, 42.72 cents per kWh for a 50 MW plant,
makes it uncompetitive at a central-station scale.

* For an estimate of the hedging cost associated with natural-gas-fired plants, see Bolinger, Wiser and Golove,
Quantifying the Value that Wind Power Provides as a Hedge Against Volatile Natural Gas Prices, (Berkeley,
Lawrence Berkeley National Laboratory, June 2002).
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Table 5

Levelized Costs for Emerging Technologies

Energy Source | Operating Ec_om_)mic Gros_s Direct _Cost
Technology Fuel Mode Lifetime | Capacity Levelized

(years) (MW) (cents/kWh)
gﬁ:ﬁ;g%‘fgﬁa' S“”I’_i?n‘?tse%“rce Load-Following 30 315 15.37
Photovoltaic Sun; RESOUTCE || oad-Following | 30 50 42.72

imited

Phosphoric Acid Natural Gas |Baseload 20 25 21.27
Molten Carbonate Natural Gas |Baseload 20 25 10.15
Solid Oxide Natural Gas |Baseload 20 25 13.04
Hybrid Natural Gas |Baseload 20 25 9.41
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Appendix A
Natural Gas Price Forecast

Table A-1
Energy Commission December 2002
Natural Gas Price Forecast, 2003-2013

Year Price
2003 $4.55
2004 $4.10
2005 $3.94
2006 $4.11
2007 $4.29
2008 $4.50
2009 $4.72
2010 $4.97
2011 $5.25
2012 $5.54
2013 $5.83




Appendix B

Financial Information

Table B-1
Financial Parameters

Category Capital Structure Capital Cost

Equity 39.1% 16.0%
Preferred Equity 0.0% 0.0%
Debt 60.9% 7.4%
Discount Rate/Net Capital Cost 10.8%

Debt Limit 100.0%

Inflation Rate 2.0%

Debt Coverage Ratio - Minimum 1.5

Debt Coverage Ratio - Average 1.8

Loan/Debt Term (years) 12.0

B-1




Appendix C

Combine Cycle-Baseload (No Duct Firing)

Table C-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2004
Table C-2
Plant Size
Gross Capacity (MW) 500.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 500.0
Derate Factor (%) 100.0
Firm Capacity (MW) 500.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 442.0
Annual capacity degradation rate (%) 0.0
Table C-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table C-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 75% 20% 5% 0% 0%
Carry Over $550 $137 $27 $0 $0

C-1




Table C-5

Fuel Use
Heat Rate (MMBtu/kWh) 7,100
Fuel Consumption (MMBtu/Hr) 3,550
Start up fuel use (MMBtu/start) 1,850
No. of annual starts 50
Annual Fuel Use (MMBtu) 28,577,700
Table C-6
Operational Information
Availability/Year (%) 100.0
Availability/Year (Hours) 8,760
Equipment Life (Hours) 148,394
Equipment Life (Years) 18
Overhaul Interval (Hours) 14,839
Maintenance Outage (Days) 28
Maintenance Outage Rate (%) 3.8
Forced Outage (Hours/Year) 400
Forced Outage Rate (%) 4.6
Hours per Year Operation 8,024
Capacity Factor (%) 91.6
Annual Net Energy (GWh) 4,012
Table C-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table C-8
Operation & Maintenance Costs
Employee Category EI:::)III;;::S Hours/Year Comg;r:)ska);l:: per
Managers 4 1,800 $77,031 per year
Plant Operators 12 2,200 $17 per hour
Mechanics 2 2,300 $18 per hour
Laborers 2 2,200 $12 per hour
Support Staff 3 2,000 $13 per hour

C-2




Table C-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-YT) 3.33
Fixed O&M/Instant Cost (%) 0.61
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF) 197.0
Consumption (AF/Yr) 2,600.0
Plant Scheduling Costs
Transmission Service ($/MW)
Table C-10
Cost Summary
Financing Costs ($/kW-YT) 75
Fixed Operational Costs ($/kW-YT) 15
Tax (w/Credits) ($/kW-YTr) 1
Fixed Costs 90
Fuel Costs ($/kW-YTr) 307
Variable O&M ($/kW-Yr) 19.09
Variable Costs 326
Total Levelized Costs ($/kW-Yr) 416
Capital ($MWH) 11.25
Variable ($/MWH) 40.59
Total Levelized Costs ($/MWH) 51.84
Capital Costs
Instant Cost ($/kW) 542
Installed Cost ($/MWH) 592
In-service Cost in 2004 ($/KW) 616

C-3




Table C-11
Capital Cost Detail

Total ($) 270,896,567
Component Cost ($) 239,289,126
Turbine/Engine [Not itemized] ($) 234,597,182
Generator/Gearhead ($)

Boiler/HRSG ($)

Fuel Pipeline/Tank ($)

Slab & Engine Mount ($)

Miscellaneous fitting & hoses ($) 4,691,944
Office space ($)

Control Room($)

Financial Transaction Costs (%) 0
Land Costs ($) 1,477,941
Acreage/Plant 15
Cost per Acre ($) 100,000
Acquisition Cost ($) 1,470,588
Land Prep Costs ($/Acre) 500
Total Land Prep Costs ($) 7,353
Permitting Costs ($) 5,129,500
Local building permits ($)

Environmental permits ($)

Air Emission Permits ($) 5,129,500
Interconnection Costs ($) 0
Transmission Lines ($)

Substation ($)

Induction Equipment ($)

Environmental Controls ($) 25,000,000
Installation Costs ($) 25,000,000

Replacement Costs ($)

C-4




Table C-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 8,024

Filter Price ($) 400,000 400,000
Maintenance Interval (Hours) 8,024

Price ($) 400,000 400,000
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 28 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 20,000

Major Overhaul Labor (Man-Hours) 23,000

Labor Cost ($/Hour) 56

Major Overhaul Labor Cost ($) 1,288,000

Major Overhaul Replacement ($) 3,712,000 5,441,690
NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 1,200,000

Hours to Item 1 Job 8,024 1
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0

Annualized Overhauls 0
Unscheduled Maintenance

Forced Outage Hours/Year 400

Labor Rate ($/Hour) 28

Hours of Labor 400

Parts Costs ($) 374,400

Total ($) 385,600

Total Annual Maintenance 4,837,644
Maintenance ($/kW-Yr) 9.68

Maintenance ($/MWh) 1.21

C-5




Table C-13
Environmental Control Costs

Total Annual Costs ($) $2,721,205
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($) $15,000,000
Installation Cost ($/kW) $30
Annual Labor (Hours/Year) 100
Loaded Labor Rate ($/Hour) $28
Labor Cost ($) $2,800
Annual Consumables-Catalyst ($) $333,333
Replacement Cost ($/kW) $20
Component Life (Hours) 141,760
Annualized Cost ($) $1,028,436
Water Cooling
Control Technology (e.g. wastewater) ($) $10,000,000
Installation Cost ($/kW) $20
Annual Labor (Hours/Year) 1000
Loaded Labor Rate ($/Hour) $28
Labor Cost ($) $28,000
Annual Consumables ($) $300,000
Replacement Cost ($/kW) $20
Component Life (Hours) 141,760
Annualized Cost ($) $1,028,436
Solid Waste Disposal
Non hazardous material

Tons per Year 1

Collection and hauling ($/Ton) $10

Landfill tipping fees ($/Ton) $30
Total Costs ($) $40
Hazardous materials

Tons per Year 1

Collection and hauling ($/Ton) $60

Landfill tipping fees ($/Ton) $100
Total Disposal Costs ($) $160

C-6




APPENDIX D
Combustion Turbine

Table D-1

Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2004
Table D-2
Plant Size
Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 100.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 88.0
Annual capacity degradation rate (%) 0.15
Table D-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table D-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 75% 20% 5% 0% 0%
Carry Over $424 $105 $21 $0 $0




Table D-5

Fuel Use
Heat Rate (MMBtu/kWh) 9,300
Fuel Consumption (MMBtu/Hr) 930
Start up fuel use (MMBtu/start) 180
No. of annual starts 120
Annual Fuel Use (MMBtu) 785,682
Table D-6
Operational Information
Availability/Year (%) 10
Availability/Year (Hours) 876
Equipment Life (Hours) 148,394
Equipment Life (Years) 30
Overhaul Interval (Hours) 876
Maintenance Outage (Days) 4
Maintenance Outage Rate (%) 1.2
Forced Outage (Hours/Year) 44
Forced Outage Rate (%) 0.5
Hours per Year Operation 822
Capacity Factor (%) 9.4
Annual Net Energy (GWh) 82
Table D-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table D-8
Operations & Maintenance Costs (Employees)
Employee Category | Full Time Employees | Hours/Year Coméor?‘r;slzygg per
Managers 1 1,800 $90,000 per year
Plant Operators 4 1,800 $17 per hour
Mechanics 1 1,800 $18 per hour
Laborers 1 1,800 $12 per hour
Support Staff 1 1,800 $13 per hour




Table D-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW-YT) 9.81
Fixed O&M/Instant Cost (%) 2.35
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF) 197.0

Consumption (AF/Yr) 520.0
Plant Scheduling Costs

Transmission Service ($/MW)

Table D-10
Cost Summary
Financing Costs ($/kW-YT) 57
Fixed Operational Costs ($/kW-Yr) | 20
Tax (w/Credits) ($/kW-Yr) 1
Fixed Costs 78
Fuel Costs ($/kW-Yr) 42
Variable O&M ($/kW-Yr) 9
Variable Costs 51

Total Levelized Costs ($/kW-Yr) | 129

Capital ($/MWH) 94.99

Variable ($/MWH) 62.11

Total Levelized Costs ($/MWH) 157.11

Capital Costs

Instant Cost ($/kW) 417

Installed Cost ($/MWH) 456

In-service Cost in 2004 ($/KW) 475
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Table D-11
Capital Cost Detail

Total ($) 41,715,152
Component Cost ($) 31,620,000
Turbine/Engine [Not itemized] ($) 31,000,000
Generator/Gearhead ($)

Boiler/HRSG ($)

Fuel Pipeline/Tank ($)

Slab & Engine Mount ($)

Miscellaneous fitting & hoses ($) 620,000
Office space ($)

Control Room($)

Financial Transaction Costs (%) 0
Land Costs ($) 5,007,353
Acreage/Plant 50
Cost per Acre ($) 100,000
Acquisition Cost ($) 5,000,000
Land Prep Costs ($/Acre) 500
Total Land Prep Costs ($) 7,353
Permitting Costs ($) 87,799
Local building permits ($)

Environmental permits ($)

Air Emission Permits ($) 87,799
Interconnection Costs ($) 0
Transmission Lines ($)

Substation ($)

Induction Equipment ($)

Environmental Controls ($) 5,000,000
Installation Costs ($) 5,000,000

Replacement Costs ($)
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Table D-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 822

Filter Price ($) 40,000 40,000
Maintenance Interval (Hours) 822

Price ($) 40,000 40,000
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0.00

Labor Price ($/Hour) 28 0
Annual Routine Maintenance 80,000
Major Overhauls

Hours to Major Overhaul: 8,360

Major Overhaul Labor (Man-Hours) 4,600

Labor Cost ($/Hour) 56

Major Overhaul Labor Cost ($) 257,600

Major Overhaul Replacement ($) 3,742,400 193,253
NPV Cost ($)

Minor Overhauls

Annual Cost ltem 1 ($) 100,000

Hours to Item 1 Job 822

Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0

Annualized Overhauls 102,212
Unscheduled Maintenance

Forced Outage Hours/Year 44

Labor Rate ($/Hour) 28

Hours of Labor 44

Parts Costs ($) 374,400

Total ($) 375,626

Total Annual Maintenance 751,091
Maintenance ($/kW-Yr) 7.51

Maintenance ($/MWh) 9.14
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Table D-13
Environmental Control Costs

Total Annual Costs ($) 440,506
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 30
Annual Labor (Hours/Year) 100
Loaded Labor Rate ($/Hour) 28
Labor Cost ($) 2,800
Annual Consumables-Catalyst ($) 33,333
Replacement Cost ($/kW) 20
Component Life (Hours) 141,760
Annualized Cost ($) 169,286
Water Cooling
Control Technology (e.g. wastewater) ($) 200,000
Installation Cost ($/kW) 20
Annual Labor (Hours/Year) 200
Loaded Labor Rate ($/Hour) 28
Labor Cost ($) 5,600
Annual Consumables ($) 60,000
Replacement Cost ($/kW) 20
Component Life (Hours) 141,760
Annualized Cost ($)
Solid Waste Disposal
Non hazardous material
Tons per Year 1
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Costs ($) 40
Hazardous materials
Tons per Year 1
Collection and hauling ($/Ton) 60
Landfill tipping fees ($/Ton) 100
Total Disposal Costs ($) 160
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Appendix E
Fuel Cell - CT Hybrid

Table E-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2004
Table E-2
Plant Size
Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual capacity degradation rate (%) 0.0
Table E-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table E-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $1,164 $0 $0 $0 $0
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Table E-5

Fuel Use
Heat Rate (MMBtu/kWh) 5,700.0
Fuel Consumption (MMBtu/Hr) 142.5
Start up fuel use (MMBtu/start) 0.0
No. of annual starts 0.0
Annual Fuel Use (MMBtu) 1,123,470.0
Table E-6
Operational Information
Availability/Year (%) 100
Availability/Year (Hours) 8,760
Equipment Life (Hours) 222,592
Equipment Life (Years) 28
Overhaul Interval (Hours) 7,884
Maintenance Outage (Days) 18
Maintenance Outage Rate (%) 5
Forced Outage (Hours/Year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197
Table E-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table E-8
Maintenance & Operations Costs (Employees)
ir::tp; ggfj EI:;ISII;::s Hours/Year | Compensation per Employee
Managers 1 1,800 $120,000 per year
Plant Operators 4 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 2.5 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table E-9

Maintenance & Operations Costs (Other)

Fixed O&M ($/kW-YTr) 191.0
Fixed O&M/Instant Cost (%) 16.40
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF)
Consumption (AF/YTr)
Plant Scheduling Costs
Transmission Service ($/MW)
Table E-10
Cost Summary
Financing Costs ($/kW-Yr) 150
Fixed Operational Costs ($/kW-YT) 260
Tax (w/Credits) ($/kW-Yr) 7
Fixed Costs 417
Fuel Costs ($/kW-Yr) 275
Variable O&M ($/kW-YT) 50
Variable Costs 325
Total Levelized Costs ($/kW-YTr) 742
Capital ($/MWH) 52.93
Variable ($/MWH) 41.16
Total Levelized Costs ($/MWH) 94.10
Capital Costs
Instant Cost ($/kW) 1,164
Installed Cost ($/MWH) 1,253
In-service Cost in 2004 ($/KW) 1,304
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Table E-11
Capital Cost Detail

Total ($) 29,096,786
Component Cost ($) 28,850,000
SOFC Generator Equipment ($) 8,350,000
SOFC Power Conditioning Equipment ($) 3,675,000
Gas Turbine Generator Equipment ($) 5,000,000
Balance of Plant Equipment ($) 4,450,000
Site Preparation ($) 425,000
Project Management and Engineering ($) 925,000
Overhead and Profit Allowance ($) 6,025,000
Financial Transaction Costs (%) 0
Land Costs ($) 246,786
Sq Ft/MW 4,300
Acreage/Plant 2.47
Cost per Acre ($) 100,000
Acquisition Cost ($) 246,786
Land Prep Costs ($/Acre) 0
Total Land Prep Costs ($) 0
Permitting Costs [not separate] ($) 0
Local building permits ($)

Environmental permits ($)

Interconnection Costs ($) 0

Transmission Lines ($)

Substation ($)

Induction Equipment ($)
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Minutes
Table E-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 0

Major Overhaul Labor (Man- 0

Hours)

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 0

Major Overhaul Replacement ($) 0

NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 22,925,101

Hours to Item 1 Job 40,000 5
Annual Cost Item 2 ($) 4,585,020

Hours to Item 2 Job 55,188 7
Annualized Overhauls 4,069,350
Unscheduled Maintenance

Forced Outage Hours/Year 438

Labor Rate ($/Hour) 48

Hours of Labor 438

Parts Costs ($) 0

Total ($) 21,024

Total Annual Maintenance 4,090,374
Maintenance ($/kW-YTr) 163.61

Maintenance ($/MWh) 20.75
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Table E-13
Environmental Control Costs

Total Annual Costs ($) 0
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Costs ($) 0
Hazardous materials
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Disposal Costs ($) 0
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Appendix F

Fuel Cell - Molten Carbonate

Table F-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/investor Merchant
Base Year 2001
In-service Year 2004
Table F-2
Plant Size
Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual capacity degradation rate (%) 0.0
Table F-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table F-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $1,509 $0 $0 $0 $0




Table F-5

Fuel Use
Heat Rate (MMBtu/kWh) 7,511.0
Fuel Consumption (MMBtu/Hr) 187.8
Start up fuel use (MMBtu/start) 0.0
No. of annual starts 0.0
Annual Fuel Use (MMBtu) 1,480,418.0
Table F-6
Operational Information
Availability/Year (%) 100
Availability/Year (Hours) 8,760
Equipment Life (Hours) 222,592
Equipment Life (Years) 28
Overhaul Interval (Hours) 7,884
Maintenance Outage (Days) 18
Maintenance Outage Rate (%) 5
Forced Outage (Hours/Year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197
Table F-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10

Table F-8

Operation & Maintenance Costs

Employee Category EI::SII;;:; Hours/Year Comg;r;slg;l:: per
Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour




Table F-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-YTr) 120.0
Fixed O&M/Instant Cost (%) 7.99
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)

Consumption (AF/Yr)
Plant Scheduling Costs

Transmission Service ($/MW)

Table F-10
Cost Summary

Financing Costs ($/kW-Yr) 198
Fixed Operational Costs ($/kW-Yr)| 180
Tax (w/Credits) ($/kW-Yr) 10
Fixed Costs 388
Fuel Costs ($/kW-YT) 362
Variable O&M ($/kW-YT) 50
Variable Costs 412
Total Levelized Costs ($/kW-Yr) 800
Capital ($/MWH) 49.23
Variable ($/MWH) 52.24
Total Levelized Costs ($/MWH) 101.47
Capital Costs
Instant Cost ($/kW) 1,509
Installed Cost ($/MWH) 1,624
In-service Cost in 2004 ($/KW) [1,724




Table F-11
Capital Cost Detail

Total ($) 37,718,090
Component Cost ($) 37,500,000
[Not itemized-"All In" cost] ($) 37,500,000
Office space

Control Room

Other infrastructure

Financial Transaction Costs (%) 0
Land Costs ($) 218,090
Sq Ft/MW 3,800
Acreage/Plant 2.18
Cost per Acre ($) 100,000
Acquisition Cost ($) 218,090
Land Prep Costs ($/Acre) 0
Total Land Prep Costs ($) 0
Permitting Costs [not separate] ($) 0
Local building permits

Environmental permits

Interconnection Costs ($) 0

Transmission Lines

Substation

Induction Equipment




Table F-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 0

Major Overhaul Labor (Man- 0

Hours)

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 0

Major Overhaul Replacement ($) 0

NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 10,000,000

Hours to Item 1 Job 23,652 3
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 55,188 7
Annualized Overhauls 2,991,198
Unscheduled Maintenance

Forced Outage Hours/Year 438

Labor Rate ($/Hour) 48

Hours of Labor 438

Parts Costs ($) 0

Total ($) 21,024

Total Annual Maintenance 3,012,222
Maintenance ($/kW-Yr) 120.49

Maintenance ($/MWh) 15.28




Table F-13

Environmental Control Costs

Total Annual Costs ($) 0
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Costs ($) 0
Hazardous materials
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Disposal Costs ($) 0




APPENDIX G

Fuel Cell - Phosphoric Acid

Table G-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/investor Merchant
Base Year 2002
In-service Year 2003
Table G-2
Plant Size
Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual capacity degradation rate (%) 0.0
Table G-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table G-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $4,520 $0 $0 $0 $0




Table G-5

Fuel Use
Heat Rate (MMBtu/kWh) 9,389.0
Fuel Consumption (MMBtu/Hr) 234.7
Start up fuel use (MMBtu/start) 0.0
No. of annual starts 0.0
Annual Fuel Use (MMBtu) 1,850,572.0
Table G-6
Operational Information
Availability/Year (%) 100
Availability/Year (Hours) 8,760
Equipment Life (Hours) 222,592
Equipment Life (Years) 28
Overhaul Interval (Hours) 7,884
Maintenance Outage (Days) 18
Maintenance Outage Rate (%) 5
Forced Outage (Hours/Year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197
Table G-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table G-8
Operations & Maintenance Costs (Employee)
Employees EFuII Time Hours/Year Compensation per
mployees Employee
Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table G-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-Yr) 271.0
Fixed O&M/Instant Cost (%) 5.99
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF)
Consumption (AF/YTr)
Plant Scheduling Costs
Transmission Service ($/MW)
Table G-10
Cost Summary
Financing Costs ($/kW-YT) 571
Fixed Operational Costs ($/kW-YT) 424
Tax (w/Credits) ($/kW-Yr) 28
Fixed Costs 1,023
Fuel Costs ($/kW-Yr) 437
Variable O&M ($/kW-Yr) 217
Variable Costs 654
Total Levelized Costs ($/kW-Yr) 1,677
Capital ($/MWH) 129.76
Variable ($/MWH) 82.96
Total Levelized Costs ($/MWH) 212.72
Capital Costs
Instant Cost ($/kW) 4,520
Installed Cost ($/MWH) 4,867
In-service Cost in 2004 ($/KW) 4,964
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Table G-11
Capital Cost Detail

Total ($) 113,005,051
Component Cost ($) 112,500,000
[Not itemized="All In" cost] ($) 112,500,000
Office space

Control Room

Other infrastructure

Financial Transaction Costs (%) 0
Land Costs ($) 505,051
Sq Ft/MW 8,800
Acreage/Plant 5.05
Cost per Acre ($) 100,000
Acquisition Cost ($) 505,051
Land Prep Costs ($/Acre) 0
Total Land Prep Costs ($) 0
Permitting Costs [not separate] ($) 0
Local building permits

Environmental permits

Interconnection Costs ($) 0

Transmission Lines

Substation

Induction Equipment
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Table G-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0.00

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 0

Major Overhaul Labor (Man- 0

Hours)

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 0

Major Overhaul Replacement ($) 0

NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 37,500,000

Hours to Item 1 Job 39,420 5
Annual Cost Item 2 ($) 7,500,000

Hours to Item 2 Job 55,188 7
Annualized Overhauls 6,746,247
Unscheduled Maintenance

Forced Outage Hours/Year 438

Labor Rate ($/Hour) 48

Hours of Labor 438

Parts Costs ($) 0

Total ($) 21,024

Total Annual Maintenance 6,767,271
Maintenance ($/kW-YT) 270.69

Maintenance ($/MWh) $34.33
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Table G-13
Environmental Control Costs

Total Annual Costs ($) 0
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (Hours/Year) 0
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (Hours) 141,760
Annualized Cost ($)
Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Costs ($) 0
Hazardous materials
Tons per Year 0
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Disposal Costs ($) 0
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APPENDIX H
Fuel Cell - Proton Exchange Membrane

Table H-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2005
Table H-2
Plant Size
Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual capacity degradation rate (%) 0.0
Table H-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table H-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $1,511 $0 $0 $0 $0




Table H-5

Fuel Use
Heat Rate (MMBtu/kWh) 9,389.0
Fuel Consumption (MMBtu/Hr) 234.7
Start up fuel use (MMBtu/start) 0.0
No. of annual starts 0.0
Annual Fuel Use (MMBtu) 1,850,572.0
Table H-6
Operational Information
Availability/Year (%) 100
Availability/Year (Hours) 8,760
Equipment Life (Hours) 222,592
Equipment Life (Years) 28
Overhaul Interval (Hours) 7,884
Maintenance Outage (Days) 18
Maintenance Outage Rate (%) 5
Forced Outage (Hours/Year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197
Table H-7
Renewable Tax Benefits
Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance 0
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table H-8
Operation & Maintenance Costs (Employee)
Employees EFuII Time Hours/Year Compensation per
mployees Employee
Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour




Table P-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 3,000

Major Overhaul Labor (Man-Hours) 36

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 1,728

Major Overhaul Replacement ($) 0 5,573
NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 484,000

Hours to Item 1 Job 3,184 1
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0 7
Annualized Overhauls 475,829
Unscheduled Maintenance

Forced Outage Hours/Year 200

Labor Rate ($/Hour) 48

Hours of Labor 200

Parts Costs ($) 0

Total ($) 9,600

Total Annual Maintenance 491,002
Maintenance ($/kW-YT) 16.37

Maintenance ($/MWh) 5.14
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Table P-13
Environmental Control Costs

Total Annual Costs ($)

Media & Technology

Cost

Air Emissions

Control Technology (e.g. SCR) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables-Catalyst ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Water Cooling

Control Technology (e.g. wastewater) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Solid Waste Disposal

Non hazardous material

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Costs ($)

Hazardous materials

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Disposal Costs ($)
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APPENDIX Q
Solar Parabolic w/ Thermally-Enhanced
Storage Only

Table Q-1
Plant Information
Technology Type Solar
Fuel None
Owner/investor Merchant
Base Year 2002
In-service Year 2003
Table Q-2
Plant Size
Gross Capacity (MW) 110.0
Parasitic Load (MW) 10.0
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 100.0
Transmission Losses (%) 1.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 60.0
Effective Load Carry Capacity (MW) 59.0
Annual capacity degradation rate (%) 0.0
Table Q-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table Q-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $3,993 $0 $0 $0 $0




Table Q-5

Fuel Use
Heat Rate (MMBtu/kWh) N/A
Fuel Consumption (MMBtu/Hr) 0
Start up fuel use (MMBtu/start) 0
No. of annual starts 346
Annual Fuel Use (MMBtu) 0
Table Q-6
Operational Information
Availability/Year (%) 75.0
Availability/Year (Hours) 6,570
Equipment Life (Hours) 70,000
Equipment Life (Years) 11
Overhaul Interval (Hours) 6,130
Maintenance Outage (Days) 10
Maintenance Outage Rate (%) 2.7
Forced Outage (Hours/Year) 200
Forced Outage Rate (%) 2.3
Hours per Year Operation 6,130
Capacity Factor (%) 42.0
Annual Net Energy (GWh) 368
Table Q-7
Renewable Tax Benefits
Investment Tax Credit (%) 10
RETC Calculation ($/kWh) 438
Production Incentive-Investor (¢/kWh) 0
Geothermal Depletion Allowance
RE Production Incentive Tier | 0
RE Production Incentive Tier Il 0
REPI Tier Il Proportion Paid (%) 10
Table Q-8
Operation & Maintenance Costs (Employees)
Employees Full Time Hours/Year Compensation per
Employees Employee
Managers 1 1,800 $80,000 per year
Plant Operators 10 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 3 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table Q-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-YTr) 29.0
Fixed O&M/Instant Cost (%) 0.74
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF)
Consumption (AF/Yr)
Plant Scheduling Costs
Transmission Service ($/MW)
Table Q-10
Cost Summary
Financing Costs ($/kW-YT) 530
Fixed Operational Costs ($/kW-YT) 110
Tax (w/Credits) ($/kW-YTr) (77)
Fixed Costs 563
Fuel Costs ($/kW-YTr) 0
Variable O&M ($/kW-YT) 76
Variable Costs 76
Total Levelized Costs ($/kW-Yr) 639
Capital ($/MWH) 153.05
Variable ($/MWH) 20.58
Total Levelized Costs ($/MWH) 173.64
Capital Costs
Instant Cost ($/kW) 3,993
Installed Cost ($/MWH) 4,299
In-service Cost in 2004 ($/KW) 4,385
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Table Q-11

Capital Cost Detail

Total ($) 399,264,733
Component Cost ($) 391,702,016
Structure & Improvements ($) 3,450,478
Collector System ($) 207,425,745
Thermal Storage System 66,593,338
Steam Gen or HX System ($) 11,872,762
Aux Heater/Boiler ($) 0
EPGS ($) 47,651,991
Master Control System ($) 0
Balance of Plant ($) 27,706,701
Engr, Const, Proj Management ($) 27,001,001
Financial Transaction Costs (%) 0
Land Cost ($) 7,562,716
Acreage/MW 7
Acreage/Plant 770
Cost per Acre ($) 3,100
Acquisition Cost ($) 2,387,000
Land Prep Costs ($/Acre) 6,722
Total Land Prep Costs ($) 5,175,716
Permitting Costs ($) 0
Local building permits ($)

Environmental permits ($)

Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) 0
Installation Costs ($) 0

Replacement Costs ($)
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Table Q-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Qil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 35,000

Major Overhaul Labor (Man-Hours) 125

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 6,000

Major Overhaul Replacement ($) 0 1,015.72
NPV Cost ($)

Minor Overhauls

Annual Cost ltem 1 ($) 925,019

Hours to Item 1 Job 6,130 1
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0 7
Annualized Overhauls 1,184,298
Unscheduled Maintenance

Forced Outage Hours/Year 200

Labor Rate ($/Hour) 48

Hours of Labor 200

Parts Costs ($) 0

Total ($) 9,600

Total Annual Maintenance 1,194,913
Maintenance ($/kW-Yr) 11.95

Maintenance ($/MWh) 3.25
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Table Q-13
Environmental Control Costs

Total Annual Costs ($)

Media & Technology

Cost

Air Emissions

Control Technology (e.g. SCR) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables-Catalyst ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Water Cooling

Control Technology (e.g. wastewater) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Solid Waste Disposal

Non hazardous material

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Costs ($)

Hazardous materials

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Disposal Costs ($)
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APPENDIX R
Wind Farm

Table R-1
Plant Information
Technology Type Wind
Fuel None
Owner/investor Merchant
Base Year 2001
In-service Year 2004
Table R-2
Plant Size
Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.1
Net Capacity (MW) 100.0
Derate Factor (%) 40.0
Firm Capacity (MW) 40.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 66.0
Effective Load Carry Capacity (MW) 58.0
Annual capacity degradation rate (%) 0.1
Table R-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table R-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 100% 0% 0% 0% 0%
Carry Over $887 $0 $0 $0 $0




Table R-5
Fuel Use

Heat Rate (MMBtu/kWh)

N/A

Fuel Consumption (MMBtu/Hr)

Start up fuel use (MMBtu/start)

No. of annual starts

Annual Fuel Use (MMBtu)

[e]l[=][=][=]

Table R-6

Operational Information

Availability/Year (%)

70.0

Availability/Year (Hours)

6,132

Equipment Life (Hours)

66,700

Equipment Life (Years)

13

Overhaul Interval (Hours)

40,000

Maintenance Outage (Days)

28

Maintenance Outage Rate (%)

1.1

Forced Outage (Hours/Year)

700

Forced Outage Rate (%)

8.0

Hours per Year Operation

5,336

Capacity Factor (%)

40.2

Annual Net Energy (GWh)

352

Table R-7

Renewable Tax Benefits

Investment Tax Credit (%)

RETC Calculation ($/kWh)

Production Incentive-Investor (¢/kWh) 1.695

Geothermal Depletion Allowance

RE Production Incentive Tier | 0

RE Production Incentive Tier Il 0

REPI Tier Il Proportion Paid (%) 10

Table R-8

Operation & Maintenance Costs (Employees)

Employees Full Time Hours/Year Compensation per
Employees Employee

Managers 2 1,800 $80,000 per year
Plant Operators 2 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 4 1,800 $20 per hour
Support Staff 2 1,800 $20 per hour
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Table R-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-Yr) 39.0
Fixed O&M/Instant Cost (%) 4.35
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF)
Consumption (AF/Yr)
Plant Scheduling Costs
Transmission Service ($/MW)
Table R-10
Cost Summary
Financing Costs ($/kW-YT) 123
Fixed Operational Costs ($/kW-YTr) 63
Tax (w/Credits) ($/kW-Yr) (12)
Fixed Costs 174
Fuel Costs ($/kW-Yr) 0
Variable O&M ($/kW-YT) 0
Variable Costs 0
Total Levelized Costs ($/kW-YTr) 174
Capital ($/MWH) 49.33
Variable ($/MWH) 0.00
Total Levelized Costs ($/MWH) 49.33
Capital Costs
Instant Cost ($/kW) 887
Installed Cost ($/MWH) 955
In-service Cost in 2004 ($/KW) 1,014
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Table R-11

Capital Cost Detail

Total ($) 399,264,733
Component Cost ($) 391,702,016
Structures & Improvements ($) 3,450,478
Collector System ($) 207,425,745
Thermal Storage System ($) 66,593,338
Steam Gen or HX System ($) 11,872,762
Auxiliary Heater/Boiler ($) 0
EPGS ($) 47,651,991
Master Control System ($) 0
Balance of Plant ($) 27,706,701
Engineering, Construction, Project 27,001,001
Management

Financial Transaction Costs (%) 0
Land Costs ($) 7,562,716
Acreage/MW 7
Acreage/Plant 770
Cost per Acre ($) 3,100
Acquisition Cost ($) 2,387,000
Land Prep Costs ($/Acre) 6,722
Permitting Costs ($) 5,175,716
Local building permits ($) 0
Environmental permits ($)

Air Emission Permits ($)

Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) 0
Installation Costs ($) 0

Replacement Costs ($)
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Table R-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Oil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 35,000

Major Overhaul Labor (Man-Hours) 125

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 6,000

Major Overhaul Replacement ($) 0 1,015.72
NPV Cost ($)

Minor Overhauls

Annual Cost ltem 1 ($) 925,019

Hours to Item 1 Job 6,130 1
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0 7
Annualized Overhauls 1,184,298
Unscheduled Maintenance

Forced Outage Hours/Year 200

Labor Rate ($/Hour) 48

Hours of Labor 200

Parts Costs ($) 0

Total ($) 9,600

Total Annual Maintenance 1,194,913
Maintenance ($/kW-Yr) 11.95

Maintenance ($/MWh) 3.25
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Table R-13
Environmental Control Costs

Total Annual Costs ($)

Media & Technology

Cost

Air Emissions

Control Technology (e.g. SCR) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables-Catalyst ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Water Cooling

Control Technology (e.g. wastewater) ($)

Installation Cost ($/kW)

Annual Labor (Hours/Year)

Loaded Labor Rate ($/Hour)

Labor Cost ($)

Annual Consumables ($)

Replacement Cost ($/kW)

Component Life (Hours)

Annualized Cost ($)

Solid Waste Disposal

Non hazardous material

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Costs ($)

Hazardous materials

Tons per Year

Collection and hauling ($/Ton)

Landfill tipping fees ($/Ton)

Total Disposal Costs ($)
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Appendix S
Combine Cycle-Baseload (With Duct Firing)

Table S-1
Plant Information
Technology Type Natural Gas
Fuel Natural Gas
Owner/investor Merchant
Base Year 2002
In-service Year 2004
Table S-2
Plant Size
Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 520.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 88.0
Annual capacity degradation rate (%) 0.0
Table S-3
Capital Costs
Escalation in Capital Costs 0.0%
AFUDC Rate 10.3%
Cash Cost 100.0%
Table S-4
Construction Costs by Year
Sum: 100%
Years Out from On-Line Date 0 -1 -2 -3 -4
Cost %/Year 75% 20% 5% 0% 0%
Carry Over $424 $105 $21 $0 $0
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Table S-5
Fuel Use

Base Heat Rate (MMBtu/kWh)

Fuel Consumption (MMBtu/Hr)

Start up fuel use (MMBtu/Start)

No. of annual starts

Table S-6

Operational Information

Availability/Year (%)

Availability/Year (Hours)

Equipment Life (Hours)

Equipment Life (Years)

Overhaul Interval (Hours)

Maintenance Outage (Days)

Maintenance Outage Rate (%)

Forced Outage (Hours/Year)

Forced Outage Rate (%)

Hours per Year Operation

Capacity Factor (%)

Annual Net Energy (GWh)

Table S-7

Renewable Tax Benefits

Investment Tax Credit (%)

RETC Calculation ($/kWh)

Production Incentive-Investor (¢/kWh)

Geothermal Depletion Allowance

RE Production Incentive Tier |

RE Production Incentive Tier Il

REPI Tier Il Proportion Paid (%)

9,300
930
180
120
10.0
876
148,394
30
876
4
1.2
44
0.5
822
9.4
82
0
0
0
0
0
10

Table S-8

Operation & Maintenance Costs

Full Time Compensation per
Employee Category Employees Hours/Year Employee P
Managers 1 1,800 $77,031 per year
Plant Operators 12 2,200 $17 per hour
Mechanics 4 2,300 $18 per hour
Laborers 2 2,200 $12 per hour
Support Staff 3 2,000 $13 per hour
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Table S-9

Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-YTr) 3.20
Fixed O&M/Instant Cost (%) 0.60
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Water Supply ($/AF) 197.0
Consumption (AF/Yr) 2,704.0
Plant Scheduling Costs
Transmission Service ($/MW)
Table S-10
Cost Summary
Financing Costs ($/kW-YT) 73
Fixed Operational Costs ($/kW-YTr) 14
Tax (w/Credits) ($/kW-Yr) 1
Fixed Costs 88
Fuel Costs ($/kW-Yr) 295
Variable O&M ($/kW-YT) 18.59
Variable Costs 314
Total Levelized Costs ($/kW-Yr) 402
Capital ($MWH) 11.42
Variable ($/MWH) 40.62
Total Levelized Costs ($/MWH) 52.04
Capital Costs
Instant Cost ($/kW) 531
Installed Cost ($/MWH) 580
In-service Cost in 2004 ($/KW) 604
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Table S-11

Capital Cost Detail

Total ($) 275896567
Component Cost ($) 243,289,126
Turbine/Engine [Not itemized] ($) 234,597,182
Generator/Gearhead ($)

Boiler/HRSG ($)

Fuel Pipeline/Tank ($)

Slab & Engine Mount ($)

Miscellaneous fitting & hoses ($) 4,691,944
Office space ($)

Control Room($)

Duct Burners ($) 4,000,000
Financial Transaction Costs (%) 0
Land Costs ($) 1,477,941
Acreage/Plant 15
Cost per Acre ($) 100,000
Acquisition Cost ($) 1,470,588
Land Prep Costs ($/Acre) 500
Total Land Prep Costs ($) 7,353
Permitting Costs ($) 5,129,500
Local building permits ($)

Environmental permits ($)

Air Emission Permits ($) 5,129,500
Interconnection Costs ($) 0
Transmission Lines ($)

Substation ($)

Induction Equipment ($)

Environmental Controls ($) 26,000,000
Installation Costs ($) 26,000,000

Replacement Costs ($)
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Table S-12

Maintenance Cost Detail

Routine Maintenance Costs

Annual Costs

Replacement Interval (Hours) 1

Filter Price ($) 0 0
Maintenance Interval (Hours) 1

Price ($) 0 0
Qil Price ($/Gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (Hours) 1,000

Item Price ($) 0 0
Labor Hours/Day 0

Labor Price ($/Hour) 48 0
Annual Routine Maintenance 0
Major Overhauls

Hours to Major Overhaul: 14,839

Major Overhaul Labor (Man-Hours) 50,000

Labor Cost ($/Hour) 48

Major Overhaul Labor Cost ($) 2,400,000

Major Overhaul Replacement ($) 8,000,000 5,441,690
NPV Cost ($)

Minor Overhauls

Annual Cost Item 1 ($) 0

Hours to Item 1 Job 7,420 1
Annual Cost Item 2 ($) 0

Hours to Item 2 Job 0

Annualized Overhauls 0
Unscheduled Maintenance

Forced Outage Hours/Year 400

Labor Rate ($/Hour) 48

Hours of Labor 400

Parts Costs ($) 374,400

Total ($) 393,600

Total Annual Maintenance 5,835,290
Maintenance ($/kW-Yr) 11.22

Maintenance ($/MWh) 1.45
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Table S-13
Environmental Control Costs

Total Annual Costs ($) 1,019,680
Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($) 15,600,000
Installation Cost ($/kW) 30
Annual Labor (Hours/Year) 100
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 4,800
Annual Consumables-Catalyst ($) 1,000,000
Replacement Cost ($/kW) 20
Component Life (Hours) 141,760
Annualized Cost ($) 8,548,981
Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 20
Annual Labor (Hours/Year) 100
Loaded Labor Rate ($/Hour) 48
Labor Cost ($) 4,800
Annual Consumables ($) 10,000
Replacement Cost ($/kW) 20
Component Life (Hours) 141,760
Annualized Cost ($)
Solid Waste Disposal
Non hazardous material
Tons per Year 1
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Costs ($) 40
Hazardous materials
Tons per Year 1
Collection and hauling ($/Ton) 10
Landfill tipping fees ($/Ton) 30
Total Disposal Costs ($) 40
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