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Preface

The goal of the U.S. Departmentof Energy (DOE) Federal Energy Management Program
(FEMP) is to facilitate energy efficiency improvementsat federal facilities. This is accomplished by a
balanced program of technology development, facility assessment, anduse of cost-sharingprocure-
ment mechanisms. Technology developmentfocuses upon the tools, software, and procedures used to
identify and evaluate energy efficiency technologies and improvements. For facility assessment,
FEMP provides meteringequipmentand trained analysts to federal agencies exhibiting a commitment
to improve energy use efficiency. To assist in procurementof energy efficiency measures, FEMP
helps federal agencies devise and implementperformance contracting and utility demand-side manage-
ment strategies.

Pacific Northwest Laboratory (PNL)<°)supports the FEMP mission of energy systems moderni-
zation. Under this charter, the Laboratory and its contractors work with federal facility energy
managers to assess and implement energy efficiency improvements at federal facilities nationwide.

The Southwestern Division of the U.S. Navy (USN), Naval Facilities Engineering Command, in
cooperation with FEMP, has tasked PNL to assess the economics and engineering feasibility of
continuing to operate a cogeneration plan at the Naval Computer and Telecommunications Station
(NCTS) at the Naval Air Station North Island (NASNI). The recommendations resulting from that
assessment are presented in this report.

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute for the U.S. Department
of Energy under Contract DE-AC06-76RLO 1830.
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Abstract

The Naval Facilities Engineering CommandSouthwesternDivision commissioned Pacific
Northwest Laboratory(PNL), in supportof the U.S. Departmentof Energy (DOE) Federal Energy
Management Program (FEMP), to determinethe most cost-effective approach to the operation of the
cogeneration facility in the Naval Computer and Telecommunications Station (NCTS) at the Naval Air
Station North Island (NASNI). Nineteen alternative scenarios were analyzed by PNL on a life-cycle
cost basis to determine whether to continue operating the cogenoration facility or convert the plant to
emergency-generatorstatus.

This report provides the results of the analysis performed by PNL for the 19 alternative
scenarios. A narrative description of each scenario is provided, including information on the prime
mover, electrical generating efficiency, thermal recovery efficiency, operational labor, and backup
energy strategy. Descriptions of the energy and energy cost analysis, operations and maintenance
(O&M) costs, emissions and related costs, and implementationcosts are also provided for each
alternative. A summary table presents the operational cost of each scenario and presents the result of
the life-cycle cost analysis.



Executive Summary

The Naval Facilities EngineeringCommandSouthwesternDivision commissioned Pacific
Northwest Laboratory(PNL), in support of the U.S. Departmentof Energy (DOE) Federal Energy
Management Program(FEMP), to determine the most cost-effective approachto the operationof the
cogenerationfacility in the Naval ComputerandTelecommunicationsStation (NCTS) at the Naval Air
Station North Island (NASNI). This report describes 19 alternative scenarios for the cogeneration
facility, provides an engineering andeconomic analysis, and presents a life-cycle cost analysis for
each of the scenarios. Analysis results are presented for each majorcost category (e.g., energy,
operationsand maintenance[O&M], emissions, and implementation).

Table S.1 provides the results of the life-cycle cost analysis in 1995 dollars for the 19 scenarios
ranked from best (top) to worst (bottom). The life-cycle cost analysis is performed in 1995 dollars
because it is assumed that implementation will actually occur during fiscal year (FY) 1995. Table S.2
provides a summary of the major cost components in 1993 dollars (the year of this report) for each of
the alternative scenarios.

Scenarios 17 and 19 have the highest net savings, $15,082,000 and $14,911,000, respectively--
compared to the existing system (Scenario I). These scenarios involve repairing the existing
reciprocating engines and converting them to act as emergency generators, providing emergency
backup to the electric energy systems. San Diego Gas & Electric (SDG&E) provides the NCTS
facility with primary electric service, and Applied Energy Incorporated (AEI) provides primary
thermal energy. In Scenario 17, the emergency generators also supply backup thermal energy
through waste-heat recovery from the generators. In Scenario 19, backup thermal energy is supplied
by a new fast-response boiler. Because the NCTS facility requires a backup thermal source with a
15-minute response time to avoid a thermally activated shutdown of the computer systems, Scenario
19 is the preferred technical alternative.

Both scenarios assume that the U.S. Navy (USN) incorporates the SDG&E Interruptible
Schedule I-3, Rate A. This rate schedule allows SDG&E to give the USN 10-minutes' fiotice, by
telephone, to start the emergency generators remotely for the purpose of reducing SDG&E's system
peak demand.
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Table S.1. Summaryof Life-Cycle Cost Analysis in 1995 Dollars

Life-Cycle Cost Net Savings
! Scenario .......($) ($)

17 (2,560,000) 15,082,000

19 (2,389,000) 14,911,000

16 (1,430,000) 13,952,000

18 (1,259,000) 13,781,000

13 898,000 11,624,000

14 1,069,000 11,453,000

15 2,969,000 9,553,000

6 4,319,000 8,203,000

9 5,417,000 7,105,000

3 8,322,000 4,200,000

8 9,222,000 3,300,000

2 9,233,000. 3,289,000

2 9,286,000 3,236,000

5 10,073,000 2,449,000

1 12,522,000 Base Case

7 13,897,000 (1,375,000)

4 14,988,000 (2,_6,000)

11 16,099,000 (3,577,000)

I0 28,923,000 (16,401,000)
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Table S.2. Summary of Major Cost Components in 1993 Dollars

Net Energy PWCSD C'° Total Potential

Savings Labor Maintenance Emission Emissions Implementation
Scenario ($1vr} Costf$1vr_ ,Costf$/vr} Fees¢_$1vr)Credit($I Cost ($)

1 150,136 309,254 258,005 10,724 0 0

2 152,696 3091254 201,477 10,724 239,898 0

3 110,751 309,254 166,558 10,724 388,092 0

4 182,018 309,254 338,904 10,724 13,328 54,525

5 269,291 265,980 239,159 10,724 246,101 90,475

6 234,477 154,610 177,545 10,724 389,886 90,475

7 416,381 309,254 338,904 10,724 13,328 1,830,000

8 382,788 265,980 239,159 10,724 246,101 1,865,950

9 271,452 154,610 177,545 10,724 389,886 1,865,950

10 (37,689) 309,254 259,497 5,362 13,328 5,554,000

11 220,889 265,980 197,340 5,362 246,101 5,589,950

12 266,731 154,610 158,951 5,362 389,886 5,589,950

13 (2,418) 4,327 62,000 1,060 446,374 100,475

14 (2,418) 4,327 62,000 1,060 446,374 259,250

15 (2,418) 4,327 62,000 1,060 446,374 21024,425

16 140,659 5,711 64,400 1,060 443,504 100,475

17 205,747 5,711 64,400 1,060 443,504 100,475

18 140,659 5,711 64,400 1,060 443,504 259,250

19 205,747 5,711 64,400 1,060 443,504 259,250

Public Works CenterSan Diego
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1.0 Introduction

In 1986, a cogeneration plant was included in the original design and construction of the Naval
Computer and Telecommunications Station (NCTS) facility, Building 1482, as part of Military
Construction Project P-261 at the Naval Air Station North Island (NASNI) in San Diego, California
(Gifford 1982). The plant is managed, owned, operated, and maintained by the U.S. Navy (USN)
Public Works Center San Diego (PWCSD) under a Memorandumof Understanding with NCTS.

The plant consists of four 650-kW Caterpillar engines with waste-heat recovery from the engine
exhaust, oil, and jacket-cooling system. The engines are operated as rich burn, using natural gas with
a propane backup fuel supply. Hot water from the waste heat recovery system is used in Building
1482 for comfort heating, domestic hot water (DHW), air-conditioning reheat, and comfort cooling.
Three 400-ton Carrier absorption chillers are used for cooling. The engines have been derated to
600 kW by the San Diego Air Pollution Control District (SDAPCD). Each engine is equipped with
two catalytic converters, installed in series, to reduce engine emissions to acceptable levels.

The current state of the cogeneration equipment is importantto this analysis. The engines are
currently operated using manual settings. The automated load controls for the system have been
unreliable since the plant's constructionand have been bypassed. In addition, the air-fuel controllers
are approaching the end of their life and will soon need to be replaced. Reliability of the cogenera-
tion engines is a concern, and downtime appears to be excessive.

Two engines are capable of supplying all, or a majority of, the absorberload for one chiller. If
additional heat is required, it is provided by the NASNI steam loop. Three engines are capable of
supplying the entire load of a single chiller with excess heat rejected to the cooling towers.

Since the plant was brought on line, a new long-term steam contracthas been signed with
Applied Energy Incorporated (AEI), which operates several cogeneration sites for the USN at San
Diego and provides steam to the NASNI steam loop. The steam contract provides for a minimum
steam purchase of 73,000 Mlb of steam per month by the USN. This is well above the maximum
demand encountered in the 3 years the contract has been in place. Credit is applied to the steam bill
for condensate returned and for electricity generated by AEI with excess steam. In addition, the USN
has upgraded its electric distribution system to receive power from San Diego Gas & Electric
(SDG&E) at 69 kV, allowing the USN to purchase power under a reduced-transmission rate schedule.

Currently,Building 1482 is not fully loaded because of the continuing miniaturizationof
computers. As a result, full load is not being placed on the electrical and thermal systems at the site.
On the other hand, the ongoing consolidation of USN commands is causing a transition of additional
functions to NCTS. As a result, additionaldemands will be placed on the building's electrical and
thermal systems.
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Continuouscooling and electric power must be provided to the NCTS facility. Currently,
backup thermal energy is providedby the NASNI steam distributionloop, andbackupelectric power
is providedby the NASNI electric distributiongrid. Three 750-kW uninterruptiblepower supplies
(UPS) are capableof providing power for 15 minutes to support the NCTS during an emergency
power interruption.

A study of the cost-effectiveness of continuedplant operationwas performed by the Navy
Energy and EnvironmentalSupportActivity (NEESA) in 1991 (Zavalaand Holler 1991). That study
concluded that it is feasible for the plant to operateonly in a p_k-shaving mode but did not make
recommendationsfor additionalbackup thermal and electric power.

The USN commissioned Pacific NorthwestLaboratory(PNL), in support of the U.S. Depart-
ment of Energy (DOE) Federal Energy ManagementProgram(FEMP), to determine the most cost-
effective approachto the operationof the cogenerationstationwith continuousrequirementsfor
backup electric and thermal sources. The goal is to minimize the life-cycle costs to the USN, either
by optimizing the operationof the cogonerationfacility or by shutting it down. This study evaluates
19 alternativeoperatingscenarios for the cogonerationfacility, ranging from continuedoperation to
plant shutdown. The objective of this project is to minimize life-cycle costs to the USN, including
raw-energy(naturalgas, electricity, and steam), labor, maintenance, and contractcosts. Included in
the total cost to the USN is the cost of providingreliable emergency backupof electric and thermal
energy to tile facility.

Nineteen alternative scenarios were analyzed by PNL to determine whether to continue operating
the cogener_ationfacility or convert the plant to emergency-generatorstatus. This analysis considered
the existing and alternativeprime movers, alternativeoperatingschedules, and four operating load
strategies. The analysis utilized the available information to determineutility consumption and cost,
labor cost, and maintenancecost.

This report contains four majorsections and several appendices. In Section 2..0, the alternative
scenarios are presented. Section 3.0 presents the utility rateschedules and their associated energy
cost information as they pertainto this analysis. The analysis of the alternative scenarios and
supportinginformationare described in Section 4.0. The appendices contain information and
calculations used to analyze the alternativescenarios. AppendixA contains 1992 PWCSD meter
utility reports. Natural-gasunit cost calculations for 1992 are shown in AppendixB. Appendix C
contains PWCSD Federal EnergyRegulatory Commission (FERC) calculationsfor 1992. Marginal
energy cost calculations for cogen gas rates are presented in Appendix D, and non-cogen gas rates are
presentedin AppendixE. Appendix F contains thermal energy analyses for Scenarios 1 through 12.
Appendix G contains energy analyses for Scenarios 1 through 12. AppendixH contains a Permit to
Operate, and Appendix I contains an energy technology engineeringcenter report for the NCTS at
NASNI.
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2.0 Alternative Scenarios

Nineteen alternativescenarios have been analyzed to determinewhether to continue operating the
NCTS cogenerationplant or to convert the plant to emergency-generatorstatus. These scenarios,
introducedbelow and summarizedin Table 2.1, are discussed in subsections that follow.

• Scenario 1: Operate plant continuously. The NCT$ cogenerationfacility continues its current
operation, operatingcontinuously. $DG&E electric service is used for emergency power, and
AEI steam service provides emergency backup thermal energyto the facility. This scenario
representsthe existing system or base case.

• Scenario 2: Operate on-peak and semi-peak periods. The NCTS cogenerationplant
continues its currentoperation,but only during the SDG&E on-peak and semi-peak periods.
The cogenerationfacility functions as an emergency generatorduring the off-peak period,
providingboth electric and thermal energybackup.

• Scenario 3: Operate on-peak period. The NCTS cogenerationplant continues its current
operation, but only during the SDG&E on-peak period. The cogeneration facility functions as
an emergency generatorduring the semi-peak andoff-peak periods, providingboth electric and
thermal energy backup.

• Scenario 4: Repair engines and operate Continuously. The NCTS cogenerationfacility is
upgradedto operate as it was originally intended andoperates continuously. Operating
proceduresare modified to utilize more of the recoverable thermal energy. SDG&E electric
service is used for emergency power, and AEI steam service provides emergency backup
thermal energy to the facility.

• Scenario 5: Repair engines and operate on-peak and semi-peak periods. The NCTS
cogenerationfacility is upgraded to operateas it was originally intended and ,operatesduring the
SDG&E on-peak and semi-peakperiods. Operatingprocedures are modifi_ to utilize more of
the recoverablethermal energy. The cogenerationfacility functions as an emergency generator
during the off-peak period, providingboth electric and thermal energy backup.

• Scenario 6: Repair engines and operate on-peak period. The NCTS cogenerationfacility is
upgradedto operate as it was originally intendedand operates during the SDG&E on-peak
period. Operatingproceduresare modified to utilize more of the recoverable thermal energy.
The cogenerationfacility functions as an emergencygeneratorduring the semi-peak and off-peak
periods, providingboth electric and thermal energy backup.

• Scenario 7: Replace engines and operate continuously. The cogeneration engines and
controls are replaced with new reciprocatingengines with a higher electrical efficiency.
Operatingproceduresare modified to utilize more of the recoverable thermal energy. The
cogenerationfacility operates continuously. SDG&E electric service is used for emergency
power, and AEI steam service provides emergency backupthermal energy to the facility.

2.1



Table 2.1. Summaryof AlternativeScenarios

bl_mberof En2inea OperatingPeriod
Scenario Description Load (kW3 Available Overatin2 On-Peak Semi-peak Off-Peak

I AJ-ls 600 4 2 X X X

2 As-Is 600 4 2 X X

3 As-h 6O0 4 2 X

4 Repaired 6OO 4 4 X X X

5 Repaired 60O 4 4 X X
6 Repaired 6OO 4 4 X

7 New Recipe 610 4 4 X X X
8 New Recips 610 4 4 X X

9 New Recips 610 4 4 X

10 Gas Turbines 1540 2 2 X X X
lI GasTurbines 1540 2 2 X X

12 Gas Turbines 1540 2 2 X

13 Emerg. Cogen 600 4 4
14 Emerg. Gen. 600 4 4
15 New Gen. 610 4 4

16 SDG&E Inter. 600 4 4 Same as 13 w/l-3 Rate D

17 SDG&E Inter. 600 4 4 Same as 13 w/l-3 Rate A
18 SDG&E Inter. 600 4 4 Same as 14 w/l-3 Rate D

19 SDG&E Inter. 600 4 4 Same as 14 w/l-3 Rate A

Scenario 8: Replace engines and operate on-peak and semi-peak periods. The cogeneration
engines and controls are replacedwith new reciprocatingengines with a higher electrical
efficiency. Operatingproceduresare modified to utilize more of the recoverablethermal
energy. The cogenerationfacility operates duringthe SDG&E on-peak and semi-peakperiods.
The cogenerationfacility functions as an emergency generatorduringthe off-peak period,
providingboth electric and thermal energy backup.

Scenario 9: Replace engines and operate on-peak period. The cogeneration engines and
controls are replaced with new reciprocatingengines with a higher electrical efficiency.
Operatingproceduresare modified to utilize more of the recoverablethermal energy. The
cogenerationfacility operatesduring the SDG&E on-peak period. The cogeneration facility
functions as an emergency generatorduringthe semi-peak and off-peak periods, providingboth
electric and thermal energy backup.

Scenario 10: Install gas turbines and operate continuously. The cogeneration engines and
controlsare replaced with new gas turbines. Operatingprocedures are modified to utilize more
of the recoverablethermal energy. The cogenerationfacility operates continuously. $DG&E
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electric service is used for emergency power, and AEI steam service provides emergency backup
thermalenergy to the facility.

• Scenario 11: Install gas turbines and operate on-peak and semi-peak periods. The
cogeneration engines and controlsare replacedwith new gas turbines. Operatingprocedures are
modified to utilize more of the recoverablethermal energy. The cogenerationfacility operates
during the SDG&E on-peak and semi-peak periods. The cogeneration facility functions as an
emergency generator during the off-peak period, providing both electric and thermal energy
backup.

• Scenario 12: Install gas turbines and operate on-peak period. The cogeneration engines and
controls are replacedwith new gas turbines with a higher electricalefficiency. Operating
procedures are modified to utilize more of the recoverablethermal energy. The cogeneration
facility operatesduringthe SDG&E on-peakperiod. The cogenerationfacility functiorL,,as an
emergency generatorduringthe semi-peak and off-pe_k periods, providing both electric and
thermal energy backup.

• Scenario 13: Convert plant to emergency-generator status for electrical and thermal
energy. The NCTS cogenerationfacility is converted to an emergency-generatorfacility,
providingboth emergencyelectric power and emergency thermalenergy. SDG&E provides the
facility with primary electric energy, and AEI provides primary thermal energy.

• Scenario 14: Convert plant to emergency-generator status and install backup boiler. The
NCTS cogeneration facility is converted to an emergency-generatorfacility, providing
emergency electric power. A boiler is installed to provide emergency thermal energy. SDG&E
provides the facility with primary,electric energy, and AEI provides primary thermal energy.

• Scenario 15: Replace plant withemergency generators and backup boiler. The NCTS
cogenerationfacilityisconvertedtoanemergency-generatorfacility.New emergency
generatorsare installedto provide emergencyelectric power. A boiler is installed to provide
emergency thermal energy. SDG&E provides the facility with primary electric energy, and AEI
provides primary thermal energy.

* Scenario 16: Utilize SDG&E Interruptible Schedule I-3, Rate D with Scenario 13. This
scenario is the same as Scenario 13. In addition, PWCSD incorporatesthe SDG&E Interruptible
Schedule I-3, Rate D, using the NCTS emergency-generatorfacility to shed demand at the
requestof SDG&E during its system peaks.

• Scenario 17: Utilize SDG&E Interruptible Schedule 1-3, Rate A with Scenario 13. This
scenario is the same as Scenario 13. In addition, PWCSD incorporates the SDG&E Interruptible
Schedule I-3, Rate A, using the NCTS emergency-generator facility to shed demand at the
request of SDG&E during its system peaks.

• Scenario 18: Utilize SDG&E Interruptible Schedule I-3, Rate D withScenario 14. This
scenario is the same as Scenario 14. In addition, PWCSD incorporatesthe SDG&E Interruptible
Schedule I-3, Rate D, using the NCTS emergency-generatorfacility to shed demand at the
requestof SDG&E during its system peaks.
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• Scenario 19: Utilize SDG&E Interruptible Schedule I-3, Rate A with Scenario 14. This
scenario is the same as Scenario 14. In addition,PWCSD incorporatesthe SDG&E lnterruptible
Schedule I-3, Rate A, using the NCT$ emergency-generatorfacility to shed demandat the
request of SDG&E duringits system peaks.

2.1 Scenario 1: Operate Plant Continuously

Under this scenario, the NCT$ cogenerationfacility continues its currentoperation, operating
continuously. The cogenerationfacility consists of four Caterpillarmodel G399 internal-combustion
reciprocatingengines rated at 650-kW maximumoutput. The facility currentlyoperates two engines
manually, attemptingto maintainengine loadingat approximately600-kW output. Review of the
operatingrecords indicates that the engines operate at an average load of 570 kW, assuming that two
of the four engines are operating continuously(see AppendixA). Assuming that two engines are
continuouslyon-line corresl_ondsto a 94% load utilizationfactor (94% of 600 kW). The engine
generatorsspecified have a lull-load (650 kW) heat rateof 12,011 Btu/kWhbased on the higher
heating value (HHV) of the fuel. This corresponds to an electrical efficiency of 28.4% at full load.

The facility is continuously staffed. Staffing consists of one maintenancemechanic OVG-10) on
the day shift, five watch standers OVG-I1) on rotatingshifts, andone foremanon the day shift.
Preventive maintenance is provided by the subcontractor, Pentech Services, Inc. (Pentech).

Waste heat recovered from the engines is used to meet thermal energy requirementsof the
NCTS facility, consisting of DHW, buil0ing heat, air-conditioningreheat, and building cooling
requirementsthroughabsorption chillers. The NCTS facility has three 400-ton absorption chillers.
Only one chiller is required to meet the facility's peak load. To distributeoperating hours, the
operating chiller is rotated among the three available chillers. Two engines are capable of providing
more than enough thermal energy to meet the facility requirements. Thermal energy recovered from
the cogenerationsystem, but not utilized, is rejected through cooling towers.

Emergency power is provided throughinterconnectionto the SDG&E electric grid. An UPS
provides 15 minutes of backup power duringan interruption. Steam is availablefrom AEI to provide
backup of thermal energy requirementsfor the NCTS facility. A steam heat exchanger is used to
provide hot water to the various thermal systems. Only one of the three chillers is capable of being
operated with the steam-suppliedheat. This chiller has always consumed some steam energy when in
operation. Analysis of the steam and thermal energy logs indicates that the NCTS facility meets
approximately30% of the thermal energy requirementswith steam energy, even though thermal
energy recovered from the cogenerationsystem is available.

Fuel consumption, electricity generation, and thermal energy utilization, obtained from PWCSD
meters, are provided in AppendixA. The utility rateschedules and assumptions made in estimating
operating costs are discussed in Section 3.0.

The existing engines have a total estimated lifo of 120,000 run-hoursor 25 years (maximum).
As of October 1992, the engines have operated an average of 20,700 h each. At the proposed
operatingschedule (i.e., 4,380 h/engine.yr) beginning in 1995, the existing engines will need to be
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replacedin 2015. At the end of the life-cycle cost analysis period, it is estimated that the replacement
engines will have approximately 81% of their life remaining. The heat recovery system, however,
has a longer estimated life and will not need to be replaced within the life of this analysis.

2.2 Scenario 2: Operate On-Peak and Semi-Peak Periods

Under this scenario, the cogeneration facility continues to operate two engines, as in Scenario 1,
during the SDG&E on-peak and semi-peak periods. The cogeneration facility does not operate during
the off-peak period. During the off-peak period, electric power is suppliedby SDG&E and thermal
energy requirementsare supplied by AEI steam.

In case of interruptionin either the electric power or steamsupply during the off-peak period,
the cogeneration system is manually restarted. Because it is believed that the existing controls are not
capable of starting the plant automatically, continuous staffing of the facility is required, as in
Scenario 1, even duringshutdown. Staffing consists of one maintenance mechanic (WG-10) on the
day shift, five watch standers (WG-I1) on rotating shifts, and one foreman on the day shift.
Preventive maintenance is provided by the subcontractor,Pentech.

The existing engines have a total estimated life of 120,000 run-hours or 25 years (maximum).
As of October 1992, the engines have operated an average of 20,700 h each. At the proposed oper-
ating schedule (2,040 h/engine.yr) beginning in 1995, the existing engines will not need to be
replaced within the life-cycle cost analysis period. The economic value of the engines at the end of
the life-cycle cost analysis period is assumed to be negligible because of the age of the engines.

2.3 Scenario 3: Operate On-Peak Period

Under this scenario, the cogeneration facility continues to operate two engines, as in Scenario 1,
during the SDG&E on-peak period. The cogeneration facility does not operate during the semi-peak
and off-peak periods. During the semi-peak and off-peak periods, electric power is supplied by
SDG&E and thermal energy requirements are supplied by AEI steam.

In case of interruptionin either the electric power or steam supply during the semi-peak and off-
peak periods, the cogeneration system is manually restarted. Because it is believed that the existing
controls are not capable of starting the plant automatically, continuous staffing of the facility is
required, as in Scenario 1, even duringshutdown. Staffing consists of one maintenance mechanic
(WG-10) on the day shift, five watch standers (WG-11) on rotating shifts, and one foreman on the
day shift. Preventive maintenance is provided by the subcontractor, Pentech.

The existing engines have a total estimated life of 120,000 run-hours or 25 years (maximum).
As of October 1992, the engines have operated an average of 20,700 h each. At the proposed
operating schedule (594.5 h/engine.yr) beginning in 1995, the existing engines will not need to be
replaced within the life-cycle cost analysis period. The economic value of the engines at the end of
the life-cycle cost analysis period is assumed to be negligible because of the age of the equipment.
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2.4 Scenario 4: Repair Engines and Operate Continuously

Under this scenario, the existing cogeneration facility is upgradedto operate as it was originally
intendedandoperates continuously. This upgrade includes new load-sharingand speed controls, new
air fuel ratio controllers, and additional repairsas outlined in Appendix I.

The cogenerationfacility continuouslyoperatesall four engines at the full derated load of
600 kW. Scheduled downtime is assumed to be approximately3 %. All thermal energy requiredby
the NCTS facility is recovered from the cogeneration system. No steam from the AEI steam system
is consumedto meet the normal thermal energy load, except in emergen_ operatingconditions.
Excess thermal energy r_:overed from the cogenerationsystem is rejectedthough the existing cooling
towers.

The existing engines have a total estimated life of 120,000 run-hoursor 25 years (maximum).
As of October 1992, the engines have operated an averageof 20,700 h each. At the proposed oper-
ating schedule (8,500 h/engine.yr) beginning in 1995, the existing engines will need to be replaced in
2005, andagain in 2019. At the end of the.life-cycle cost analysis period, it is estimated that the
replacementengines will have approximately89% of their life remaining. The heat recovery system,
however, has a longer estimated life and will not need to be replacedwithin the life of this analysis.

The facility is continuouslystaffed as in Scenario 1, consisting of one maintenancemechanic
OVG-10)on the day shift, five watch standersOVG-I1) on rotatingshifts, and one foreman on the
day shift. Preventive maintenanceis still provided by the subcontractor,Pentech.

Emergency electric power is provided by the SDG&E electrical grid. Emergency thermal
energy is providedby the AEI steam system.

2.5 Scenario 5: Repair Engines and Operate On-Peak and Semi-Peak
Periods

Under this scenario, the existing cogenerationfacility is upgraded to operate as it was originally
intendedas in Scenario4. This upgrade includes new load-sharingand speed controls, new air-to-
fuel ratio controllers, andadditionalrepairs as outlined in AppendixI. The new controls are capable
of reliablystarting the engines automatically,controlling the air-to-fuel ratio, and controlling the
engine loading.

The cogenerationfacility operatesall four engines at the full deratedload of 600 kW duringthe
SDG&E on-peakand semi-peakperiods. Scheduled downtime is assumed to be approximately3 %.
During the off-peak period, electricpower is suppliedby SDG&E and thermal energy requirements
are suppliedby AEI steam.

The existing engines have a total estimated life of 120,000 run-hoursor 25 years (maximum).
As of October 1992, the engines have operatedan averageof 20,700 h each. At the proposed
operatingschedule (3,959 h/engine.yr) beginning in 1995, the existing engines will need to be
replaced in 2017. At the end of the life-cycle cost analysis period, it is estimated that the replacement
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engines will have approximately 87% of their life remaining. The heat recoverysystem, however,
has a longer estimatedlife and will not need to be replacedwithin the life of this analysis.

All thermal energy requiredby the NCTS facility is recovered from the cogenerationsystem
when it is in operation. No steam from the AEI steam system is consumedto meet the thermal
energy load while the cogenerationsystem is operating. Excess thermal energy recovered from the
cogenerationsystem is rejectedthrough the existing cooling towers.

The cogenerationplant is staffed during the on-peakand semi-peakperiods. It is not staffed
during the off-peak period unless a power interruptionoccurs. Because the SDG&E operatingperiods
do not correspondexactly to PWCSD work shifts, it is assumed that PWCSD staff can be rotatedto
other PWCSD job assignmentswhen the cogenerationsystem is not in operation. This assumptionis
furtherdetailed in Section 4.3.2. Staffing consists of approximatelyone foreman on the day shift,
one maintenancemechanic 0VG-10) on the day shift, and one watch stander (WG-11) present one-
half hour before scheduled operationuntil one-half hour after scheduled shutdown. Preventive
maintenance is still provided by the subcontractor,Pentech.

Part of the responsibilityof the cogeneration staff is to monitor and operate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equipped with new automated valves and controls to respondto equipment failures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and auto-
matically start another. The new system will be an expansion to the existing Johnson Controls system
that currently monitors and controls much of the central heating, ventilating, and air-conditioning
(HVAC) system.

While the cogeneration system is running,emergency electric power is provided by the SDG&E
electric grid and emergency thermal energy is providedby the AEI steam system. During the off-
peak period when the cogenerationsystem is not running, the system acts as an emergency-generator
facility. The cogenerationsystem is startedautomaticallyif an interruptionoccurs in the electric
power or stean_supply.

2.6 Scenario 6: Repair Engines and Operate On-Peak Period

Under this scenario, the existing cogeneration facility is upgraded to operate as it was originally
intended as in Scenario 4. This upgrade includes new load-sharing and speed controls, new air fuel

ratio controllers, and additional repairs as outlined in Appendix I. The new controls are capable of
reliably starting the engines automatically, controlling the air-to-fuel ratio, and controlling the engine
loading.

The cogeneration facility operates all four engines at the full deratedload of 600 kW during the
SDG&E on-peakperiod. Scheduleddowntime is assumed to be approximately3 %. During the semi-
peak and off-peak periods, electric power is supplied by SDG&E and thermal energy requirementsare
supplied by AEI steam.
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The existing engines have a total estimatedlife of 120,000 run-hoursor 25 years (maximum).
As of October 1992, the engines have operatedan averageof 20,700 h each. At the proposed oper-
ating schedule (1,154 h/engine.yr) beginning in 1995, the existing engines will not need to be
replacedwithin the life-cycle cost analysis period. The economic value of the engines at the end of
the life-cycle cost analysis period is assumed to be negligible because of the age of the engines.

All thermal energy requiredby the NCTS facility is recovered from the cogenerationsystem
when it is in operation. No steam from the AEI steam system is consumed to meet the thermal
energy load while the cogenerationsystem is operating. Excess tht;_,_tl energy recovered from the
cogenerationsystem is rejected through the existing cooling towers.

The cogenerationplant is staffed during the on-peakperiod. It is not staffed during the semi-
peak and off-peak periods unless a power interruptionoccurs. Because the SDG&E operatingperiods
do not correspondexactly to PWCSD work shifts, it is assumed that PWCSD staff can be rotatedto
other PWCSD job assignmentswhen the cogeneration system is not in operation. This assumptionis
furtherdetailed in Section 4.3.2. Staffing consists of approximatelyone foreman, one maintenance
mechanic (WG-10), and one watch stander (WG-I1) presentone-half hour before scheduled operation
until one-half hour after scheduled operation. Preventive maintenanceis still provided by the
subcontractor,Pentech.

Partof the responsibilityof the cogeneration staff is to monitor andoperate the central chilled-
waterfacility. Because the plant will not be staffed continuously, the chilled-watersystem will be
equippedwith new automatedvalves and controls to respond to equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystartanother. The new system will be an expansion to the existing Johnson Control
system that currentlymonitors and controls much of the central HVAC system.

While the cogenerationsystem is running, emergencyelectric power is provided by the SDG&E
electric grid and emergency thermal energy is provided by the AEI steam system. During the semi-
peak and off-peak periods when the cogenerationsystem is not running, the system acts as an
emergency-generatorfacility. The cogeneration system is startedautomatically if an interruption
occurs in the electric power or steam supply.

2.7 Scenario 7: Replace Engines and Operate Continuously

Under this scenario, the engine generatorsare replacedwith four new engine generatorswith
approximatelythe same output as the existing system. It is estimated that the existing engines have a
salvage value of $50,000 each (see Appendix I); however, it is assumed that the salvage value will
cover the cost of their removal, sale, and transfer. Because the value of the generatedelectric energy
is the driving economic factor (see Section 4.1.5), the new generatorsspecified for this analysis have
a heat rate of 10,500 Btu/kWhbased on the HHV of the fuel. This correspondsto an electrical
efficiency of 32.5 % at full load, which is a higher electricalefficiency than the existing engines. The
engines selected for this analysis are ratedat 610 kW (Hay 1988). The new engines are equipped
with completely new control systems. The new controlsare capableof reliablystarting the engines
automadcally, controllingthe air-to-fuel ratio, and controlling the engine loading.
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The existing heat recovery system can be adapted to the new engines. With a higher electrical
efficiency, less energy is recoverable as useful thermal energy. It is estimated that 38% of the input
energy can be recovered as useful thermal energy, still providing more than enough energy to meet
the thermal energy requirements of the facility.

The cogeneration facility continuously operates all four engines at the fullqoad rating of
610 kW. Scheduled downtime is assumed to be approximately 3%. The cogeneration facility is
staffed as outlined in Scenario 1. All thermal energy required by the NCTS facility is recovered from
the cogeneration system.

The new engines have a total estimated life of 120,000 run-hours or 25 years (maximum). At
the proposed operating schedule (8,500 h/engine.yr) beginning in 1995, the new engines will need to
be replaced in 2009. At the end of the life-cycle cost analysis period, it is estimated that the
replacement engines will have approximately 18% of their life remaining. The heat recovery system,
however, has a longer estimated life and will not need to be replaced within the life of this analysis.

Emergency electric power is Provided by the SDG&E electric grid. Emergency thermal energy
is provided by the AEI steam system.

2.8 Scenario 8: Replace Engines and Operate On-Peak and Semi-Peak
Periods

Under this scenario, the engine generatorsare replaced with four new engine generators with
approximatelythe same outputas the existing system as in Scenario 7. Similarly, it is estimated that
the existing engines have a salvage value of $50,000 each (see AppendixI); however, it is assumed
that the salvage value Willcover the cost of their removal, sale, and transfer. Because the value of
the generated electric energy is the driving economic factor (see Section 4.1.5), the new generators
specified have a heat rateof 10,500 Btu/kWhbased on the HHV of the fuel. This correspondsto an
electrical efficiency of 32.5 % at full load, which is a higher electrical efficiency than the existing
engines. The engines selected for this analysis are rated at 610 kW (Hay 1988). The new
cogenerationsystem is equipped with a completelynew control system. The new controls are capable
of reliably startingthe engines automatically,controlling the air-to-fuel ratio, and controllingthe
engine loading.

The existing heat recovery system can be adapted to the new engines. However, with a higher
electrical efficiency, less waste heat is available for recovery as useful thermal energy. It is estimated
that 38% of the input energy can be recoveredas useful thermal energy, still providingmore than
enough heat to meet the thermal energy requirements. All thermal energy required by the NCTS
facility is recovered from the cogeneration system when it is operating.

The cogeneration facility operates all four engines at the full-load rating of 610 kW during the
SDG&E on-peak and semi-peak periods. Scheduled downtime is assumed to be approximately 3 %.
During the off-peak period, electric power is supplied by SDG&E and thermal energy requirements
are supplied by AEI steam. The cogenerationfacility is staffed as outlined in Scenario 5.

2.9



Partof the responsibilityof the _generation staff is to monitor andoperatethe central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controls to respond to equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystart another. The new system will be an expansion to the existing Johnson Controls
system that currentlymonitors and controls muchof the central HVAC system.

The new engines have a total estimatedlife of 120,000 run-hoursor 25 years (maximum). At
the proposed operating schedule (3,959 h/engine.yr) beginning in 1995, the new engines will not need
to be replaced in the life-cycle cost analysis period. The economic value of the engines at the end _f
the life-cycle cost analysis period is assumed to be negligible becauseof the age of the equipment.
The heat recovery system, however, has a longer estimated life and will not need to be replaced
within the life of this analysis.

While the cogenerationsystem is running,emergency electric power is provided by the SDG&E
electrical grid and emergency thermal energy is provided by the AEI steam system. During the off-
peak period when the cogenerationsystem is not running,the system acts as an emergency-generator
facility. In case of interruptionin either the electric power or steam supply, the cogeneration system
is startedautomatically.

2.9 Scenario 9: Replace Engines and Operate On-Peak Period

Under this scenario, the engine generatorsare replacedwith four new engine generators with
approximatelythe same outputas the existing system as in Scenario7. Similarly, it is estimated that
the existing engines have a salvage value of $50,000 each (see AppendixI); however, it is assumed
that the salvage value will cover the cost of their removal, sale, and transfer. Because the value of the
generated electric energy is the driving economic factor (see Section 4.1.5), the new generators
specified have a heat rate of 10,500 Btu/kWh based on the HHV of the fuel. This corresponds to an
electricalefficiency of 32.5 % at full load, which is a higher electricalefficiency than the existing
engines. The engines selected for this analysis are ratedat 610 kW. The new cogenerationsystem is
equippedwith a new control system. The new controls are capable of reliably startingthe engines
automatically, controlling the air-to-fuel ratio, and controllingthe engine loading.

The existing heat recovery system can be adaptedto the new engines. With a higher electrical
efficiency, less energy is recoverable as useful thermal energy. It is estimated that 38% of the input
energy can be recovered as useful thermal energy, still providingmore than enough energy to meet
the thermal energy requirements. All thermal energy requiredby the NCTS facility is recovered from
the cogenerationsystem when it is operating.

The cogenerationfacility operatesall four engines at the fuU-loadratingof 610 kW during the
SDG&E on-peak period. Scheduled downtime is assumed to be approximately3 %. During the semi-
peak andoff-peak periods, electric power is suppliedby SDG&E and thermal energy requirements are
supplied by AEI steam. The cogenerationfacility is staffed as outlined in Scenario 6.
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Part of the responsibilityof the ¢ogenerationstaff is to monitor and operate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-watersystem will be
equipped with new automated valves and controls to respondto equipment failures. Should a chiller,
cooling tower, or pump fail, the new control system will shutdown the failed component and
automatically start another. The new system will be an expansion to the existing Johnson Controls
system that currently monitors and controls much of the central HVAC system.

The new engines have a total estimated life of 120,000 run-hoursor 25 years (maximum). At
the proposed operatingschedule (1,154 h/engine.yr) beginning in 1995, the new engines will not need
to be replaced in the life-cycle cost analysis period. The economic value of the engines at the end of
the life-cycle cost analysis period is assumed to be negligible because of the age of the equipment.
The heat recovery system, however, has a longer estimated life and will not need to be replaced
within the life of this analysis.

While the cogeneration system is running, emergencyelectric power is provided by the SDG&E
electrical grid and emergency thermal energy is provided by the AEI steam system. During the semi-
peak and off-peak periods when the cogeneration system is not running, the system acts as an
emergency-generator facility. In case of interruption in either the electric power or steam supply, the
cogeneration system is started automatically.

2.10 Scenario 10: Install Gas Turbines and Operate Continuously

Under this scenario, the existing engine generators are replaced with two new gas turbinegener-
atorswith a total electric capacitysimilar to that of the existing SYstem. The new generatorsspecified
have a heat rateof 14,620 Btu/kWhbased on the HHV of the fuel. This correspondsto an electrical
efficiency of 22.5% at full load. The turbinesselected for this analysis are rated at 1,540 kW each
(Hay 1988). The new turbinesare equipped with a completenew control system. The new controls
are capableof reliably startingthe turbines automatically, controlling the air-to-fuel ratio, and control-
ling the turbine loading.

The gas turbinesrequire a new heat recovery system. R is estimated that 45 % of the input
energy can be recovered as useful thermal energy, still providing more than enough energy to meet
the thermal energy requirementsof the facility.

The cogeneration facility continuouslyoperates both turbinesat the full-load ratingof 1,540 kW.
Scheduled downtime is assumed to be approximately 3St. The cogeneration facility is staffed as
outlined in Scenario 1. Special training is provided to the staff on gas turbines. All thermalenergy
requiredby the NCTS facility is recovered from the ¢ogeneration system.

The new gas turbines have a total estimated life of 180,000 run-hoursor 30 years (maximum).
At the proposed operating schedule (8,500 h/engine.yr) beginning in 1995, the new turbines will need
to be replaced in 2016. At the end of the life-cycle cost analysis period, it is estimated that the
replacement turbines will have approximately 78St of their life remaining. The heat recovery system,
however, has a longer estimated life and will not need to be replaced within the life of this analysis.
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The salvage value of the existing reciprocatingengines is estimatedto be $50,000 each (in 1993);
however, it is assumed thatthis will cover the cost of their removal, sale, and transfer.

Emergency electric power is provided by the SDG&E electric grid. Emergency thermal energy
is providedby the AEI steam system.

2.11 Scenario 11: Install Gas Turbines and Operate On-Peak and Semi-
Peak Periods

Under this scenario, the existing engine generatorsare replacedwith two new gas turbine
generators with a total electric capacity similar to that of the existing system as in Scenario 10. The
new generatorsspecified have a heat rate of 14,620 Btu/kWhbased on the HHV of the fuel, corre-
sponding to an electrical efficiency of 22.5% at full load. The turbinesselected for this analysis are
rated at 1,540 kW each. The new turbinesare equippedwith a complete new control system. The
new controlsare capable of reliably startingthe turbines automatically, controlling the air-to-fuel
ratio, and controlling the turbineloading.

The gas turbines requirea new heat recovery system_ It is estimatedthat 45% of the input
energy can be recovered as useful thermal energy, still providingmore than enough energy to meet
the thermal energy requirements.

The cogeneration facility operatesboth turbinesat the full-load ratingof 1,540 kW during the
SDG&E on-peak and semi-peakperiods. Scheduled downtime is assumed to be approximately3 %.
During the off-peak period, electric power is suppliedby SDG&E and thermal energy requirements
are suppliedby AEI steam. The cogeneration facility is staffed as outlined in Scenario 5. Special
trainingis provided to the staff on gas turbines.

Partof the responsibilityof the cogenerationstaff is to monitorand operate the central chilled-
waterfacility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controls to respondto equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystart another. The new system will be an expansionto the existing Johnson Controls
system that currentlymonitors and controls muchof the central HVAC system.

The new gas turbineshave a total estimated life of 180,000 run-hoursor 30 years (maximum).
At the proposed operatingschedule (3,959 h/engine-yr) beginning in 1995, the new turbineswill not
need to be replaced in the life-cycle cost analysis period. At the end of the analysis period, it is
estimatedthat the turbineswill have approximately17% of their economic life remainingbecause of
the age of the turbines. The heat recovery system, however, has a longer estimated life and will not
need to be replaced within the life of this analysis. The salvage value of the existing engines is
estimatedto be $50,000 each (in 1993); however, it is assumed that this will cover the cost of their
removal, sale, and transfer.

While the cogenerationsystem is running, emergency electric power is provided by the SDG&E
electric grid andemergency thermalenergy is provided by the AEI steam system. During the off-
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peak period when the cogeneration system is not running, the system acts as an emergency-generator
facility. The cogenerationfacility is started automaticallyif an interruptionoccurs in the electric
power or steam supply.

2.12 Scenario 12: Install Gas Turbines and Operate On-Peak Period

Under this scenario, the existing engine generatorsare replaced with two new gas turbine
generators with a total electric capacitysimilar to thatof the existing system. The new generators
specified have a heat rateof 14,620 Btu/kWhbased on the HHV of the fuel, correspondingto an
electrical efficiency of 22.5% at full load. The turbinesselected for this analysis are rated at
1,540 kW each as in Scenario 10. The new turbinesare equippedwith new control systems. The
new controls are capable of reliably startingthe engines automatically, controlling the air-to-fuel ratio,
andcontrolling the engine loading.

The gas turbines require a new heat recovery system. It is estimated that45 % of the input
energy can be recovered as useful thermal energy, still providing more than enough energy to meet
the thermal energy requirements.

The cogeneration facility operatesboth turbinesat the full-load ratingof 1,540 kW during the
SDG&E on-peak period. Scheduleddowntime is assumedto be approximately3 %. During the semi-
peak and off-peak periods, electric power is supplied by SDG&E and thermal energy requirementsare
supplied by AEI steam. The cogeneration facility is staffed as outlined in Scenario 6. Special
training is provided to the staff on gas turbines.

Partof the responsibilityof the cogenerationstaff is to monitor and operate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controls to respond to equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed componentand auto-
matically startanother. The new system will be an expansionto the existing Johnson Controls system
that currently monitors and controls much of the central HVAC system.

The new gas turbineshave a total estimated life of 180,000 run-hoursor 30 years (maximum).
At the proposed operatingschedule (1,154 h/engine.yr) beginning in 1995, the new turbines will not
need to be replaced in the life-cycle cost analysisperiod. At the end of the analysis period, it is
estimatedthat the turbines will have approximately 17% of their economic life remaining because of
the age of the turbines. The heat recovery system, however, has a longer estimated life and will not
need to be replaced within the life of this analysis. The salvage value of the existing engines is
estimated to be $50,000 each (in 1993); however, it is assumed that this will cover the cost of their
removal, sale, and transfer.

While the cogenerationsystem is running, emergency electric power is provided by the SDG&E
electrical grid and emergency thermal energy is provided by the AEI steam system. During the semi-
peak and off-peak periods when the cogeneration system is not running, the system acts as an
emergency-generatorfacility. The cogeneration system is started automatically if an interruption
occurs in the electric power or steam supply.
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2.13 Scenario 13: Convert Plant to Emergency-Generator Status for
Electrical and Thermal Energy

Under this scenario, the existing cogenerationfacility is convertedto an emergency-generator
facility. SDG&E provides the NCTS facility with primaryelectric energy. AEI provides primary
thermal energy. The cogeneration system is automaticallystartedif an interruptionoccurs in the
electric power or steam supply.

The existing engines are repaired to reliable operatingstatus as automatic-startemergency
generators, which includes new load-sharing and speed controls, new air-fuel ratio controllers, and
additional repairsas outlined in AppendixI.

It is assumed that each emergency generatoris tested under no load approximatelyone hour each
week and under full load approximatelyone hour each quarter._) It is also assumed thatthe
emergencygeneratorfacility is staffedby one watch stander0VG-I 1) when the generators are
operating.

Partof the responsibilityof the cogeneration staff is to monitor and operate the central chilled-
waterfacility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controls to respond to equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed componentand
automaticallystartanother. The new system will be an expansion to the existing Johnson Controls
system that currentlymonitors and controls muchof the central HVAC system.

2.14 Scenario 14: Convert Plant to Emergency-Generator Status and
Install Backup Boiler

Under this scenario, the cogenerationfacility is converted to an emergency-generatorfacility.
The NCTS facility is provided with primary electric energy by SDG&E and AEI provides primary
thermal energy. The cogenerationsystem is automaticallystarted if an interruptionoccurs in the
electric power supply. In case of interruptionin the steam supply, a new fast-startnatural-gas-fired
hot-waterboiler is automaticallystarted.

The existing engines are repairedto reliable operatingstatus as automatic-startemergency
generatorsas discussed in Scenario 13. In addition, the existing heat recovery system is disconnected
andabandoned-in-place. The cooling tower is still used to provide engine cooling.

A new natural-gas-firedwaterboiler is also installed and interconnectedto the thermal energy
system using heat exchangers in a closed-loop system. The boiler is in cold standby during standard
operatingconditions.

(a) Facsimile Communication,John Thomas, PWC Code 610, for Douglas McDaniel, NCTS SD
N42. May 4, 1993, 9:10 a.m. PDT.
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It is assumed thateach emergencygeneratoris tested underno load approximatelyone hour .,dch
week and underfull load approximatelyone hour each quarter. It is also assumed that the
emergency-generatorfacility is staffed by one watch stander (WG-11) when the generators are
operating.

Partof the responsibility of the cogenerationstaff is to monitor andoperate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controls to respond to equipment failures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystartanother.. The new system will be an expansionto the existing Johnson Controls
system that currentlymonitors andcontrols much of the central HVAC system.

2.15 Scenario 15: Replace Plant with Emergency Generators and Backup
Boiler

Under this scenario, the cogenerationfacility is replacedwith a new emergency-generator
facility. The NCTS facility is provided with primaryelectric energy by SDG&E and AEI provides
primary thermal energy. The new generatorsare automaticallystarted if an interruptionoccurs in the
electric power supply. If an interruptionoccurs in the steam supply, a new fast-start natural-gas-fired
water boiler is automaticallystarted.

The existing engines are replaced with four new automatic-startingemergency generatorsrated at
600 kW, which includes a complete new control system. The existing heat recovery system is also
disconnected and abandoned-in-place.

In addition, a new natural-gas-firedwaterboiler is installedand interconnectedto the thermal
energy system using heat exchangers in a closed-loop system. The boiler is in cold standby during
standard operating conditions.

It is assumed that each emergencygeneratoris tested under no load approximatelyone hour each
week and under full load approximatelyone hour each quarter.(-) It is also assumed that the
emergency-generatorfacility is staffed by one watch stander(WG-I1) when the generators are
operating.

Partof the responsibility of the cogenerationstaff is to monitorand operate the central chilled-
water facility. Because plant will not be staffed continuously, the chilled-watersystem will be
equippedwith new automatedvalves and controls to respond to equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed componentand
automaticallystartanother. The new system will be an expansionto the existing Johnson Controls
system that currentlymonitors and controls much of the central HVAC system.

(a) Facsimile Communication,JohnThomas, PWC Code 610, for Douglas McDaniel, NCTS SD
N42. May 4, 1993, 9:10 a.m. PDT.
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2.16 Scenario 16: Utilize SDG&E Interruptible Schedule I-3, Rate D, _vith
Scenario 13

Under this scenario, the cogenerationfacility is modified as in Scenario 13. In addition,
PWCSD incorporatesthe SDG&E InterruptibleSchedule I-3, Rate D. This schedule is more fully
discussed in Section 3.1. This rateschedule option provides a monthly credit to the electric utility
bill. In returnfor this credit, PWCSD agrees to operate the emergency generators, at SDG&E's
request, to reduce the NASNI electricaldemand. This rateschedule, and its subject facilities, is used
by SDG&E as another generatingsource when needed.

Schedule I-3, Rate D, allows SDG&E to give PWCSD 30-minutes' notice, by telephone, to start
the emergency generators, get themup to capacity, and on-line. SDG&E also notifies PWCSD when
the generatorsare no longer required. These interruptionstypically occur less than 30 times per year
for total engine operatinghours of less than 80 h/yr. These are typical maximums according to
SDG&E; however, the contract allows SDG&E to require additional interruptionsfor longer operating
periods. This analysis assumes an average interruptionof 56 h/yr.<°_Incorporatingthis rate option
requiresa contractualagreement. The contract can be for a 1-yearor 5-year term. Because the
incentive is greater for the longer contractualagreement, this scenario assumes PWCSD will enter
into 5-year contracts.

It is assumed that the emergency-generatorfacility is staffed by one watch stander (WG-11)
when the generatorsare operating. It is also assumed that each emergency generator is tested under
no load approximatelyone hour each week and underfull load approximatelyone hour each
quarter,°° in additionto operationat the requestof SDG&E underthe new rate option.

Part of the responsibility of the cogeneration staff is to monitor and operate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equipped with new automated valves and controls to respond to equipment failures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automatically start another. The new system will be an expansion to the existing Johnson Controls
system that currently monitors and controls much of the central HVAC system.

2.17 Scenario 17: Utilize SDG&E Interruptible Schedule I-3, Rate A, with
Scenario 13

Under this scenario, the cogenerationfacility is modified as in Scenario 13. In addition,
PWCSD incorporatesthe SDG&E InterruptibleSchedule I-3, Rate A. This schedule is more fully
discussed in Section 3.1. This rate schedule option provides a monthly credit to the electric utility
bill. In return for this credit, PWCSD agrees to allow SDG&E to operate the emergency generators,

(a) Facsimile Communication, Sharon Gorden, SDG&E. April 30, 1993, 9:00 a.m. PDT.
(b) Facsimile Communication, John Thomas, PWC Code 610, for Douglas McDaniel, NCTS SD

N42. May 4, 1993, 9:10 a.m. PDT.
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at SDG&E's request, to reduce the NASNI electrical demandon the SDG&E system. This rate
schedule, andits subject facilities, is used by SDG&E as another generating source when needed.

Schedule1-3, Rate A, allows SDG&E to give PWCSD 10-minutes'notice, by telephone, and
start the emergency generators remotely. These interruptions typically occur less than 30 times per
year for total engine operating hours of less than 80 h/yr. These are typical maximums according to
SDG&E; however, the contract allows SDG&E to require additional interruptions for longer operating
periods. This analysis assumes an average interruption of 56 h/yr._'_Incorporating this rate option
requires a contractual agreement. The contract can be for a l-year or 5-year term. Because the
incentive is greater for the longer contractual agreement, this scenario assumes PWCSD will enter
into 5-year contracts.

It is assumed thatthe emergency-generatorfacility is staffed by one watch stander (WG-11)
when the generatorsare operating. It is also assumed thateach emergencygenerator is tested under
no load approximatelyone hour each week and underfull load"approximatelyone hour each
quarter,_) in additionto operationat the control of SDG&E underthe new rate option.

Part of the responsibility of the cogenerationstaff is to monitor and operate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-water system will be
equipped with new automated valves and controls to respond to equipment failures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automatically start another. The new system will be an expansion to the existing Johnson Controls
system that currently monitors and controls much of the central HVAC system.

2.18 Scenario 18: Utilize SDG&E Interruptible Schedule I-3, Rate D, with
Scenario 14

Under this scenario, the cogenerationfacility is modified as in Scenario 14, including the
installationof the backupboiler. In addition,PWCSD incorporatesthe SDG&E lnterruptible
Schedule I-3, Rate D. This schedule is more fully discussed in Section 3.1. This rate schedule
option provides a monthly credit to the electric utility bill. In returnfor this credit, PWCSD agrees
to operate the emergencygenerators, at SDG&E's request, to reduce the NASNI electrical demand.
This rateschedule, and its subject facilities, is used by SDG&E as another generatingsource when
needed.

Schedule I-3, Rate D, allows SDG&E to give PWCSD 30-minutes' notice, by telephone, to start
the emergency generators, get them up to capacity, and on-line. SDG&E also notifies PWCSD when
the generators are no longer required. These interruptionstypically occur less than 30 times per year
for total engine operating hours of less than 80 h/yr. These are typical maximums according to
SDG&E; however, the contract allows SDG&E to require additional interruptionsfor longer operating

(a) Facsimile Communication, Sharon Gorden, SDG&E. April 30, 1993, 9:00 a.m. PDT.
(13) Facsimile Communication, John Thomas, PWC Code 610, for Douglas McDaniel, NCTS SD

N42. May 4, 1993, 9:10 a.m. PDT.
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periods. This analysis assumes an average interruptionof 56 h/yr._°_Incorporatingthis rateoption
requiresa contractualagreement. The contractcan be for a l-year or S-year term. Because the
incentive is greater for the longer contractual agreement, this scenario assumes PWCSD will enter
into 5-year contracts.

It is assumed thatthe emergency-generatorfacility is staffed by one watch stander (WG-11)
when the generatorsare operating. It is also assumed that each emergency generatoris tested under
no load approximatelyone _our each week and under full load approximatelyone hour each
quarter,_ in additionto operationat the requestof SDG&.Eunder the new rate option.

Partof the responsibilityof the cogenerationstaff is to monitorandoperate the central chilled-
water facility. Because the plant will not be staffed continuously, the chilled-watersystem will be
equippedwith new automatedvalves and controls to respondto equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystartanother. The new system will be an expansion to the existing Johnson Controls
system that currentlymonitors and controls much of the central HVAC system.

2.19 Scenario 19: Utilize SDG&E Interruptible Schedule I-3, Rate A, with
Scenario 14

Under this scenario, the cogenerationfacility is modified as in Scenario 14, including the
installation of the backupboiler. In addition,PWCSD incorporatesthe SDG&E Interruptible
Schedule I-3, Rate A. This schedule is more fully discussed in Section 3. I. This rate schedule
option provides a monthly credit to the electric utility bill. In returnfor this credit, PWCSD agrees
to allow SDG&E to operate the emergency generators,at SDG&E's request, to reduce the NASNI
electrical demandon the SDG&E system. This rate schedule, and its subject facilities, is used by
SDG&E as another generatingsource when needed.

Schedule I-3, Rate A, allows SDG&E to give PWCSD 10-minutes' notice, by telephone, and
startthe emergency generatorsremotely. These interruptionstypically occur less than 30 times per
year for total engine operatinghours of less than 80 h/yr. These are typical maximumsaccording to
SDG&E; however, the contract allows SDG&E to requireadditional interruptionsfor longer operating
periods. This analysis assumes an average interruptionof 56 h/yr.¢'_Incorporatingthis rateoption
requiresa contractual agreement. The contract can be for a 1-yearor 5-year term. Because the
incentive is greater for the longer contractualagreement, this scenario assumes PWCSD will enter
into 5-year contracts.

It is assumed that the emergency-generatorfacility is staffed by one watch stander (WG-I 1)
when the generatorsare operating. It is also assumed that each emergency generatoris tested under

(a) Facsimile Communication,Sharon Gorden, SDG&E. April 30, 1993, 9:00 a.m. POT.
03) Facsimile Communication,JohnThomas, PWC Code 610, for Douglas McDaniel, NCTS SD

N42. May 4, 1993, 9:10 a.m. POT.
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no load approximatelyone hour each week andunderfull load approximatelyone hour each
quarter,_a)in addition to operation at the control of SDG&E underthe new rateoption.

Partof the responsibilityof the cogenerationstaff is to monitorand operate the central chilled-
waterfacility. Because the plant will not be staffed continuously, the chilled-water system will be
equippedwith new automatedvalves and controlsto respondto equipmentfailures. Should a chiller,
cooling tower, or pump fail, the new control system will shut down the failed component and
automaticallystart another. The new system will be an expansion to the existing JohnsonControls
system that currentlymonitorsand controls muchof the central HVAC system.

(a) Facsimile Communication,John Thomas, PWC Code 610, for Douglas McDaniel, NCTS SD
N42. May 4, 1993, 9:10 a.m. PDT.
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3.0 Utility Rate Schedules

There are three energy sources affected by operatingthe cogenerationsystem: electricity,
naturalgas, and steam. The following is a discussion of these energy sources andtheir costs.

3.1 Electricity

Electric power is provided to NASNI from SDG&E underSchedule A6-TOU at the transmission
rate. The currentratestructureis shown in Table 3.1. Power generatedby the NCTS cogeneration
facility reduces the amountof power purchased from SDG&E. This avoided electric cost is treatedas
a savings, or positive cash flow, in the economic analysis.

In addition to standard electric service, the NCTS cogenerationfacility is also subject to the
SDG&E Schedule S standbyservice rate. This schedule is applicableto standbyor breakdown
service where all or partof the customer's electric requirementsare supplied by a generationsource
other than the utility, which is located on the customer'spremises. This schedule is not applicableto
customerswho have chosen, in the generationagreement,to sell power to the utility o_ a
simultaneouspurchaseand sale basis. Because the NCTS cogenerationfacility generates power for
use at NASNI and does not sell energy to SDG&E, this schedule is applicable. The standbycharge is
$0.99/kW of contracteddemand per month. The contracteddemand is the full ratedoutput, or
nameplaterating, of the NCTS cogenerationfacility, which is 2,600 kW (4 x 650 kW).

If the cogenerationfacility is converted to an emergency-generatorfacility, it can incorporatethe
SDG&E Schedule I-3 Interruptiblerate. This rateschedule provides a monthly credit to the NASNI
electric utility bill for contractingwith SDG&E to operatethe generatorson SDG&E's demandunder
special conditions, thereby interruptinga portion of SDG&E's demand. The period of itlterruption
underthis schedule can occur at any time at the utility's sole judgement, although special conditions
usuallydo prevail. The utility can interruptthe load, requiringthe engines to operate up to.30 times
per year with a total interruptiontime usually below 80 h/yr, but not less than 5 h/yr. Scenarios 16
through 19 assume an average interruptionof 56 h/yr. There are four rateoptions available under
Schedule I-3 summarizedin Table 3.2. Each rate option is available through l-year or 5-year con-
tracts. For purposes of this analysis, 5-year contracts are assumed.

3.2 Natural Gas

SDG&E provides naturalgas to NASNI under the Schedule GFTCIrate. The cost of naturalgas
has a procurementcomponentand a transportationcomponent. In addition, the transportationcom-
ponent has a cogen rate and a non-cogen rate. The amountof natural gas applicable to the cogen rate
is defined as the lesser of 1) the amountof gas used by the cogenerationequipment, and2) the
cogenerationgas allowance (CGA). The CGA is defined as the amountof gas requiredby the utility
to generateand transmitan equivalent amount of electricity based on the utility's average annual
incrementalheat rate (IHR) (presently 10,688 Btu/kWh), which includes transmission line losses.
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Table 3.1. Schedule A6-TOU TransmissionRate

Summer W'mter

CustomerCharge Sf_O.O0 S600.00

Demand Charge:

Per kW of noncoincidentdemand $1.24 $1.24

Per kW of maximum demandat $13,39 S2.17
thetimeof systempeak

EnergyCharge:
Allon-peakkWh,perkWh $0.06886 $0.06171
Plusallsemi-peakkWh,perkWh $0.04333 $0.03864
Plusalloff-peakkWh,perkWh $0.03369 S0.03186

TimePeriods:

Summer(May1 throu_See_0_ W'mter_Oet1 throughAvr30)
On-Peak 11:00a.m.- 6:00p.m.weekdays 5:00p.m.- 8:00p.m.weekdays
Semi-Peak 6:00a.m.- 11:00a.m.weekdays 6:03a.m. - 5:00p.m.weekdays

6:00p.m.- 10:00p.m.week_ys 8:00p.m.- I0:00p.m.weekdays
Off-Peak 10:00p.m.- 6:00a.m.weekdayl 10:00p.m.- 6:00a.m.weekdays

Plusweekendsandholidays Plusweekendsandholidays

The cogenerationgas allowance is currently0.107 therm/kWS,but has varied in the past. The
naturalgas consumed above the CGA is billed at the non-cogen rate. In additionto the transportation
and procurementcost components, there is also a state regulatoryfee.

These cost components can vary slighdy from month to month as the price of natural gas fluctu-
ates. The cost of naturalgas used in this analysis is based on the 1992 cost components as billed,
shown in AppendixB. Table 3.3 shows the average natural-gascosts for 1992.

To qualify for the cogen gas rate, the NCTS cogenerationfacility must meet the qualified facility
(QF) requirementsas defined by the FERC. This qualificationis done on an annualbasis and
presented to SDG&E. Calculationssupportingthe qualificationbased on 1992 data are located in
AppendixC. If the cogenerationfacility fails to qualify, all natural-gasconsumptionis charged at the
non-cogen rate.

3.3 Steam

The NASNI steam loop supplies steamto the NCTS facility. NASNI is supplied 100-psig
saturatedsteam from AEI under a custom contract. AEI operatesanother cogenerationfacility
nearby. Power andsteam from AEI are provided to NASNI at very advantageous rates. The steam
sales contracthas 10 majorcomponents, several of which are basically fixed costs that are adjusted
either quarterlyor annually andare not related to the amountof steam consumed.

3.2



Table 3.2. Schedule I-3 lnterruptible Rate Options

_CancellationPeriod

1,Year, _ years,
Rate A:

Applicablewhere the customer elects to provide utility-controlledinterruptible
load within ten minutesof notice of interruption.

For each kW of guaranteedinterruptibleload, per month, per kW $5.60 $7.06

Plus for each interruptionduring the monthlybilling period, per kW $0.28 $0.28

Rate B:

Applicablewhere the customer elects to provide customer-controlledinterruptible
load within ten minutesof notice of interruption.

For each kW of guaranteedinterruptibleload, per month, per kW $5.15 $6.47

Plus for each interruptionduring the monthlybilling period, per kW $0.28 $0.28

Rate C:

Applicablewhere the customer elects to provide utility-controlledinterruptible
load within thirtyminutesof notice of interruption.

For each kW of guaranteedinterruptibleload, per month, per kW $4.15 $5.24

Plus for each interruptionduring the monthlybilling period, per kW $0.28 $0.28

Rate D:

Applicable where the customer elects to provide customer-controlledinterruptible
load within thirtyminutes of notice of interruption.

For each kW of guaranteedinterruptibleload, per month, per kW $3.80 $4.80

Plus for each interruptionduringthe monthlybilling period, per kW $0.28 $0.28

Thermal energy generated and recovered by the NCTS cogeneration facility results in steam that
would otherwise have to be purchased from AEI. This avoided steam cost is treated as a savings, or
positive cash flow, in the economic analysis.

Because this analysis is concerned with the avoided cost of thermal energy, the fixed-steam costs
are not considered. The avoided cost of steam consists of three components: feedwater cost, conden-
sate return credit, and the energy adjustment credit. The feedwater cost is a straightforward charge of
$1.73/Mlb of steam. The condensate credit reduces the steam charge based on the amount of conden-
sate returned from NASNI and accepted by AEI, which is presently $1.59/Mlb. To date, this return
rate has averaged 54% of the steam consumption. All steam consumed at the NCTS facility can be
returned as condensate; however, there is the possibility of flash steam losses and leaks in the

condensate return system. Condensate return is also regularly tested and screened by AEI for water
quality. Condensate returned of unacceptable quality receives no credit. Therefore, the condensate
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Table 3.3. Average Costs of NaturalGas for 1992

_Winter($)

Cogen Rate:
Procurement 0.20559 0.18704
Transmission 0.09740 0.12114

Regulatory fee 0.00076
Total, per therm 0.30375 0.30895

Non-Cogen Rate:
Procurement 0.20559 0.18704
Transmission 0.14550 0.17842

Regulatory fee 0.00076
Total, per therm 0.35185 0.36622

, Seasons:
Summer April 1 throughNovember 30
Winter December 1 throughMarch 31

credit is calculatedto be 54% of $1.59/Mlb of steam consumed or $0.86/Mlb. The energy adjust-
ment credit is more difficult to verify. A combined-cycle cogenerationfacility is operated by AEI.
Steam from that cogenerationfacility is also used to generateelectric energy. When less steam is
extracted from the turbinesto supply NASNI, AEI can use that steam to generate additional electric
energy. One componentof the energy adjustmentcredit is to returnpartof this opportunitysavings
back to NASNI. The energy adjustmentcredit varies and is updated quarterly. The avoided cost of
this componentis estimated to be $1.09 and $0.72/Mlb of steam during the summer and winter billing
seasons, respectively,c') The summer and winter seasons are the same as those in the SDG&E
electric rate schedule.

Steam is delivered at 100-psig saturatedvapor andcondensate is passed at 100-psig saturated
liquid. From the steam tables, the thermal energy available is 882 Btu/lb of steam. The avoided cost
of steam is therefore $0.222/therm and $4).180/therm duringthe summer and winter billing seasons,
respectively.

(a) Personal Communication,RobertMiner, SWDIV Code 1632.RM, and John Thomas, PWC
Code 610. February2, 1993, 3:00 p.m. PST.
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4.0 Analysis

4.1 Cogeneration Operating Strategy

There are four basic operatingstrategies for controllingthe load of a cogeneration system: base
loading, electrical load following, thermal load following, and economic load following. These load
Strategiesare discussed below.

4.1.1 Base Loading

Under this operating strategy, the cogenerationsystem runs at a fixed load, usually full-rated
output. The cogenerationsystem usually meets only partof the electric or thermal energy
requirements.

If the cogenerationsystem does not meet the electric or thermal energy requirementsof the
facility, the cogenerationsystem provides the facility base load while the electric utility provides any
additionalelectric energy; anda supplementalthermal energy system, such as a boiler, provides any
additionalthermal energy requirements. If the cogenerationsystem does not meet the electrical load,
additionalelectric energy is provided by the electric utility. If excess electric energy is generated, it
is sold to the electric utility. Similarly, if the cogenerationsystem does not meet the thermalenergy
demand, additional thermal energy is provided from another source. If excess thermal energy is
generated, it is exported or rejected to a heat sink such as a cooling tower.

4.1.2 Electrical Load Following

Under this operating strategy, the electrical output of the cogenerationsystem increasesor
decreases to meet the electric demand of the supportedfacility, making it independentof the electric
utility. Therefore, the cogenerationoutput follows the facility's electric demandor load. Thus, this
control strategy is referred to as "electrical load following." The resulting thermal energy that is
recovered can be greaterthan or less than the thermal energy requirements. If more thermal energy
is required, then a supplementalthermal energysystem, such as a boiler, is needed to meet the
demand. If excess thermal energy is available, then it must be exported or rejected to a heat sink
such as a cooling tower.

4.1.3 Thermal Load Following

Under this operating strategy, the output of the cogenerationsystem increases or decreases to
meet the thermal energy requirementsof the supported facility. Therefore, the cogeneration output
follows the thermal energy demandor load. Thus, this control strategy is referred to as "thermal load
following." The electric energy generatedcan be greaterthan or less than the electric energy require-
ments of the facility. If more electric energy is required, the electric utility provides the remaining
demand. If excess electric energy is generated, then it flows out into the electric grid and is thus sold
to the electric utility.
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4.1.4 Economic Load Following

With the adventof time-of-use and seasonal utility rates, the optimal cogenerationoperating
strategy may switch between base loading, electrical load following, or thermal load following from
one period to the next becauseof the varying utility rates. Changing the active control strategy based
on economic factors is referredto as "economic load following." For example, duringthe on-peak
electric rate period, the optimal strategymay be electrical load following or base loading. However,
duringthe off-peak electric rate period, when the cost of electric energy is much less, the optimal
load strategy may be thermalload following. New computerizedcontrol systems can be programmed
with curren:energy costs, make dynamic decisions as to which operatingstrategy is most economical,
andautomaticallycontrol the cogeneration system load to that optimal strategy.

4.1.5 Marginal Energy Cost Analysis and Selection of Optimal Load Operating Strategy

To determine which operatingstrategy is optimal for the NCTS cogenerationfacility, a marginal
energy cost analysis was performed. The marginalenergy cost analysis utilized the costs that vary as
a functionof load, therefore, only energy costs were considered. Labor, materials, and maintenance
costs were not considered in this analysis because they vary as a function of engine operatinghours,
but not necessarily as a function of engine load. The resultof the marginal energy cost analysis does
not determine whether or not it is cost effective to operate the cogeneration system; rather, it
identifies at what load, or load strategy, the cogenerationsystem should operate.

Appendix D containsthe marginalenergy cost analysis, assuming the cogenerationfacility
qualifies for the SDG&E cogen gas rate. AppendixE containsthe marginal energy cost analysis,
assuming the cogenerationfacility does not qualifyfor the SDG&E cogen gas rate, but ratherfor the
no_-¢ogen gas rate. In each of these analyses, there are two majorcost categories: summer and
winter. Within both of these categories, there are three minor subcategories: on-peak, semi-peak,
andoff-peak. There are more combinations because the definition of summer and winter seasons
differ for the natural-gasutility and the electric utility, but only the primarycombinationsare
considered in this analysis.

In AppendixD, Page D.4, the cost of the naturalgas consumed is $22.63/h.ngine with the
engine running at full load during the summer on-peaktime period. The value of the generated
electric energy, excluding demand, is $41.32/h_ngine and the value of the thermal energy, assuming
100% of the recoverableenergy is utilized, is $7.84/h_ngine. Because the value of the electric
energy is greaterthan the value of the thermal energy, the electric energy is dominant. In addition,
the value of the electric energy is more significant than the cost of the naturalgas. Therefore, the
engine should runat base (or full) load when in operation.

During the winter semi-peakperiod, however, the cost of the natural gas consumed is
$23.10/h.ngine; the value of the electric energy generatedat full load, excluding demand, is
$23.18/h.ngine; and the value of the thermal energy, assuming 100% of the recoverable energy is
utilized, is $6.36/h.ngine. The electric energy is still dominantover the thermal energy, but in
itself is not greater than the cost of the naturalgas. Under these conditions, the optimal load control
strategy is electrical load following.
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The marginalenergy cost analyses located in AppendixD andAppendixE can be used to
determinethe net energy savings that result from various combinationsof the NCTS facility electrical
and thermal requirements. Generally, a base loading control strategy is indicated, although in some
circumstanceselectrical load following offers some minor improvementin economics. Therefore,
economic load following would be the optimal control strategy with base loading a close second.
Unfortunately,there is no electric consumptiondataavailable from the NCTS facility. For this
reason, all of the alternativescenarios consider the base load operatingstrategy. If the NCTS facility
electric submeteringdemand andconsumptioninformation becomes available, the calculations can be
re-evaluatedfor an economic load following control strategy.

4.2 Determining the Thermal Load of the NCTS Facility

A major component of this analysis is the thermal energyrecovered and used from the cogener-
ationfacility, which requiresan understandingof the thermal load of the NCTS facility. The
following sections estimate the existing thermal load of the facility and its anticipatedgrowth.

4.2.1 Present Thermal Load

There are four thermal energy requirementswithin the NCTS facility: building cooling, reheat,
buildingheat, andDHW. Cooling is provided by absorptionchillers. There are three 400-ton
absorption chillers in the NCTS facility. The peak cooling load, however, is estimated to be
approximately300 tons. Cooling is required throughoutthe year. Although not submetered, the
facility maintainsdetailed log records on the cooling energy requirements. This information is used
to calculate the useful thermal energy to qualify for the SDG&E cogen gas rate. The required
thermal energy for the cooling load can be estimated from the CogenerationData Summary(see
AppendixC) and the PWCSD MeteredUtility Reportfor steam (see Appendix A). This information
is summarized in Table 4.1. The requiredthermal energy for the cooling load during the AEI
summerbilling period is approximately176,330 therms/yr and during the winter billing period is
approximately234,460 therms/yr. There are no records, however, of the thermal energy
requirementsfor the reheat,heating, or DHW systems.

Because the DHW system is not submetered,the energy requirementsfor this thermal load are
estimatedusing energy-use intensities (EUIs) based on national estimates. The EUIs used for DHW
are shown in Table 4.2. The NCTS facility consists of three majorcategories: 1) administration,
computerand telecommunicationsarea (office), 2) warehouse, and 3) the cogeneration plant
(miscellaneous). The gross floor areas of the office, warehouse and cogenerationplant are 31,425,
53,550, and 10,350 ft2, respectively. Using the EUIs for these categories, the DHW energy
requirementsare estimated to be 9,980 therms/yr. This thermal load is divided between the AEI
summer and winter billing periodsbasedon the numberof operatinghours in each period.
Therefore, the DHW load during the summer billing period is 4,183 therms/yr and duringthe winter
billing period is 5,797 therms/yr.

No informationis available for the heating or reheat loads of the NCTS facility. Since its
original construction, the internal heat gain of the NCTS facility has significantly changed, mainly
because of the miniaturizationof computers. Therefore, the original facility constructiondocuments
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Table 4.1. ThermalEnergy Requirementsfor Cooling

1992 AEI Cogen Steam Total
Month Season (therms) (therms_ (therms)

Jan W 38,440 11,460 49,900

Feb W 13,630 14,870 28,500

Mar W 24,370 12,570 36,940

Apr W 17,910 15,480 33,390

May S 22,430 16,110 38,540

Jun S 25,360 11,930 37,290

Jul S 24,260 9,860 34,120

Aug S 28,260 5,750 34,010

Sep S 21,120 11,250 32,370

Oct W 27,700 3,620 31,320

Nov W 26,800 350 27,150

Dec W 26.830 430 27.260

Summer 121,430 54,900 176,330
Winter 175.680 58.780 234.460

Total 297,110 113,680 410,790

'fable 4.2. Energy-Use Intensities for Domestic Hot Water

Office 14.6 kBtu/ft2.yr

Warehouse 8.6 kBm/t_.yr

Miscellaneous 7.6 kBm/ft2.yr

can no longer be used to estimate the facility heating load or the reheat energy requirement estimate.
The NCTS facility can still be classified as a thermally heavy building, meaning that there are
significant internalheat gains. This is supported by documented cooling requirements that indicate
the facility requires cooling throughout the year; thus, the heating and reheat loads are assumed to be
negligible. This may be a weak assumption and has minimal impact on the overall economic analysis.

Referring to the energy analysis calculations discussed in Section 4.3.1 for Scenario 1 (status-
quo operation), if the total required thermal energy estimate were to be off by as much as 25 %, the
net energy savings would be off by only approximately 10%. Because the cooling load is by far the
largest thermal energy load, the estimate of the total thermal energy requirements should be
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reasonablyaccurate. The NCTS cogenerationfacility is currentlyinstalling additionalmetering
capabilities. If more accurate thermalenergy consumptioninformation becomes available, this
assumption may be revised.

4.2.2 Growth of Thermal Load

The U.S. Departmentof Defense (DoD) is presentlyundergoinga phase of reductionand
consolidation andthis trend is anticipatedto continue. The resulting impactto NASNI is internal
growth. This growth will impactthe NCTS facility and, therefore, the cogeneration facility. It has
been estimated that the avere,;e electrical load of the NCTS facility will increase from the present
1,100 kW to a projected2,000 kW at about3%/yr.¢')

The facility's cooling requirementswill increase as the electric load increases. The increased
electrical consumption in the NCTS facility will directly increase the internal heat gain. The
increasingload will also be accompanied by additionalpersonnel within the facility. For these
reasons, it is assumed that the required thermal energy (i.e., cooling and DHW) from the cogenera-
tion system will also increase at the same rate as the estimatedelectrical load. If there had been
estimates for buildingheating and reheating, these loads would decrease as the internal heat gains
increaseduntil they were no longer applicable. Thermal energy analysis projectionsare located in
AppendixF. These projectionsconsider the growth in thermal energy requirementsfor the NCTS
facility and the impacton the thermal energy recoverablefrom the cogeneration facility under
Scenarios 1 through 12.

Scenarios 1, 2, and 3 become inadequateto meet the required electrical load underthis
anticipatedgrowth. Because the cogenerationfacility is interconnectedto the SDG&E electric grid,
there is no problemduringnormal operation. However, if an emergency shutdownor failure of the
SDG&E electrical system were to occur, the cogenerationfacility may not be capableof supplying the
entire NCTS facility as early as 1995 (see AppendixF, p. F.2).

4.3 Engineering and Economic Analysis

The following sections discuss the engineeringandeconomic analysis of the alternative
scenarios. This includes the energy analysis calculations, operations and maintenance (O&M) costs,
emissions and related costs, implementationcosts, andfinally the life-cycle cost analysis.

4.3.1 Energy Analysis Calculations

A spreadsheetwas designed to analyze the energy and energy cost informationobtained from the
operationof the NCTS cogenerationfacility under a base loading control strategy. This information
is summarized in Table 4.3. The calculations are included in Appendix G.

(a) Personal Communication,Robert Miner, SWDIV Code 1632.RM.
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Table 4.3. Summary of Energy and Energy Cost Information - NCTS Facility Under Base Loading Control Strategy

Natural-43as Electric Steam Qualify Electric SDG&E Thermal Net

Energy Energy Energy Cogen Natural Energy Backup Energy Energy

Consumed Avoided Avoided Gas Rate Gas Cost Savings Cost Savings Savings
Scenario _thermslyr) (kWh/vr) (thermslyr) (Y orN_ ¢$1vr) ($1vr) ($I¥r) ($1vr) ($1vr)

1 1,224, 819 9,757,764 294,539 Y 381,685 504,265 30,888 58,444 150,136

2 570,464 4,544,712 137,163 Y 177,763 334,150 30,888 27,197 152,696

3 166,245 1,324,427 40,309 Y 51,681 184,976 30,888 8,344 110,751

4 2,528,652 20,145,000 408,281 N 901,752 1,033,644 30,888 81,014 182,018

5 1,177,728 9,382,603 190,132 N 419,959 682,439 30,888 37,699 269,291

6 343,215 2,734,293 55,875 N 121,806 375,605 30,888 11,566 234,477

4_

7 2,247,386 20,480,750 408,281 Y 686,518 1,050,872 28,987 81,014 416,381

8 1,046,728 9,538,979 190,132 Y 319,737 693,813 28,987 37,699 382,788

9 308,039 2,779,864 55,875 Y 92,992 381,865 28,987 11,566 271,452

10 3,949,997 25,852,750 408,281 N 1,408,623 1,326,510 36,590 81,014 (37,689)

11 1,839,724 12,041,007 190,132 N 656,016 875,796 36,590 37,699 220,889

12 536,135 3,509,009 55,875 N 190,272 482,027 36,590 11,566 266,731

13 7,185 0 0 N 2,418 0 0 0 (2,418)

14 7,185 0. 0 N 2,418 0 0 0 (2,418)

15 7,185 0 0 N 2,418 0 0 0 (2,418)

16 24,675 134,400 0 N 8,180 148,839 0 0 140,659

17 24,675 134,400 0 N 8,180 213,927 0 0 205,747

18 24,675 134,400 0 N 8,180 148,839 0 0 140,659

19 24,675 134,400 0 N 8,180 213,927 0 0 205,747



The calculations in AppendixG can be divided into four mainsections. The first section
identifies the cogeneration specificationsand the operatingschedule. The numberof engines typically
operating,their electrical Outputcapacity, the SDG&E backupcontracteddemand, engine generator
heat rate, and recoverable thermal energy are identified in this section. The heat rateis the amountof
inputfuel required to generate 1 kWh of electric energy and is based on the HHV of the fuel. The
thermal energy recovery is the amountof thermal energy that can be recovered from the cogenerator
as a percentageof input fuel.

The cogenerationoperatingschedule identifies when the cogenerationsystem operates. The
schedule correspondsto the SDG&E electric utility rate schedule. Additional informationincludes the
total available operatinghours (8,760 h/yr), the scheduleddowntime, and the resulting net operating
hours. Scheduled downtime is for normal engine maintenanceand overhauls. The net utilizationof
hours is the net operatinghours divided by the available operatinghours. The load utilizationfactor
is the averagepercent load of the engine generators. Under the base loading strategy, the load
utilizationfactor should be 100% or full load. The powerhouse load is the estimated electric energy
consumptionwithin the cogenerationfacility as partof the cogenerationprocess. The powerhouse
load, 1.25 %, is identified as a percentageof total electrical output from the cogeneration engines.
This numberwas estimated from PWCSD metered utility reports (see AppendixA) during 1992.

The second section of the analysis reiterates the utility rate schedule and unit cost factors as
discussed in Section 3.1. These schedules and unit costs are necessary to calculate the resulting costs
and savings associated with operating the ¢ogeneration facility.

The third section contains the resulting energy calculations. This section is divided into the
variousenergy categories. Naturalgas consumed by the cogeneration engines is identified at the top
of this section. The spreadsheet automaticallydetermines if the facility qualifies for the cogen or non-
cogen natural-gas rates (by calculatingand examining the FERC efficiency) and applies the
appropriatecost factors.

Gross electricity generated and net energy generated are then identified. The net electricity
generatedtakes into account the electrical energy consumed as partof the powerhouse load.

The analysis then considers the thermal energy systems. The thermal energy recoverable is the
amountof heat energy that can be recovered from the cogeneration system. The requiredthermal
energy is the thermal demand of the NCTS facility, as discussed in Section 4.2, consisting of comfort
cooling, comfort heating, reheat, andDHW. The analysis then estimates the thermal energy
recoverableand useable. Because thermal energy storage is not possible, the thermal energy
recoveredmust correspond with the thermal energy demand.

The final section of the analysis summarizes the energy costs and savings resulting from the
operation of the cogeneration facility. In addition, the annual FERC efficiency is identified.

Appendix G contains the analysis for each of the scenarios concerning continued operation of the
cogeneration facility. The scenarios that involve converting the ¢ogeneration facility into an
emergency-generatorfacility were determined separately. Because emergency downtime is a
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nonroutineoccurrence, it can rarelybe anticipated. This analysis assumes that emergency downtime
does not actually occur. Under these conditions, no electric cost or steam cost is reduced. Natural
gas however is consumed duringthe routine scheduledtesting of the engines.

Under Scenarios 16 through 19, there would be reduced electric energy purchased when the
SDG&E interruptionoccurs. In addition, there may or may not be any resulting peak demand
reduction. Because these interruptionscan occur at any time, and for any duration, the results are
difficult to estimate. For this analysis, it is assumedthat the interruptionswill occur, on average,
56 h/yr over two months duringthe summeron-peakbilling period. In addition to the interruptible
rate credit, savings are calculated for the avoided energy consumption. Because NASNI peak demand
typically occurs during the semi-peak period, no demand reduction savings are claimed.

4.3.2 Operations and Maintenance Costs

The O&M costs are divided into the following six cost categories, except in the gas turbineand
emergency-generatoralternativeswhere maintenancecosts are combined: PWCSD labor, PWCSD
general maintenance, catalytic converter,subcontractorpreventive maintenance, subcontractorcorrec-
tive maintenance,and subcontractorengine overhaul. Each of these cost categories has a significant
impacton the overall economics of operatingthe cogenerationfacility as shown in Table 4.4.

4.3.2.1 Labor Costs

Staffing requirementsfor PWCSD were noted in the discussion of alternativescenarios in
Section 2.0. Staffing requirementswore divided into three categories for the cogeneration
alternatives: continuousoperation,operate on-peakand semi-peakperiods, and operate on-peak
period. For continuousoperation,PWCSD has requested staffing consist of one foremanon the day
shift, one maintenancemechanic (WG-10) on the day shift, and five watch standers(WG-11) for
rotatingshifts._'_At current PWCSD labor rates, this equates to a total labor charge of $309,254
per year. This staffing level is associated with alternative Scenarios 1, 2, 3, 4, 7, and 10.

For noncontinuousoperationof the cogenerationsystem, additional assumptions are made.
PWCSD standard work shifts do not coincide with SDG&E time-of-use periods. It is assumed that
PWCSD will staff the cogenerationfacility one-half hour before the SDG&E operational period
begins and will relocate staff one-half hour after the SDG&E operationalperiod ends, requiring
PWCSD staff to work partial days in the cogenerationfacility and partial clayselsewhere on the base.

For operation duringthe on-peakand semi-peakperiods, PWCSD staffing is assumed to be one
foreman on the day shift, one maintenancemechanic (WG-10) on the day shift, and one watch stander
(WG°I1) presentone-half hour before scheduled operation until one-half hour after scheduled
shutdown. The on-peak and semi-peakperiodsoccur 16 h/d, Monday throughFriday, excluding
holidays for both the summer and winter seasons. At currentPWCSD labor rates, this equates to a
total labor charge of $265,980 per year. This staffing level is associated with alternative Scenarios 5,
8, and 11.

(a) Personal Communication,Robert Miner, SWDIV Code 1632.RM, and John Thomas, PWC
Code 610. February 2, 1993, 3:00 p.m. PST.
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Table 4.4. Summary of Operations and Maintenance Costs

Total PWC Subcontractor Subcontractor Subcontractor Total

Operating Engine General Catalytic Preventive Corrective Engine Total PWC
Hours Run Hours Maintenance Converter Maintenance Maintenance Overhaul Maintenance Labor

Scenario (h/vr) Odvr) ($/yr) ($/yr) ($/vr_ ($/vr) ($/vr_ ($/vr_ ($/yr)

1 8,760 17,520 60,000 60,000 92,196 19,200 26,609 258,005 309,254

2 4,080 8,160 60,000 27,945 92,196 8,942 12,393 201,477 309,254

3 1,189 2,378 60,000 8,144 92,196 2,606 3,612 166,558 309,254

4 8,500 34,000 60,000 116,438 92,196 18,630 51,639 338,904 309,254

5 3,959 15,836 60,000 54,233 92,196 8,678 24,052 239,159 265,980

6 1,154 4,616 60,000 15,808 92,196 2,530 7,011 177,545 154,610

4_
7 8,500 34,000 60,000 116,438 92,196 18,630 51,639 338,904 309,254

8 3,959 15,836 60,000 54,233 92,196 8,678 24,052 239,159 265,980

9 1,154 4,616 60,000 15,808 92,196 2,530 7,011 177,545 154,610

10 8,500 17,000 60,000 n/a 199,497 n/a n/a 259,497 309,254

11 3,959 7,918 60,000 n/a 137,340 n/a n/a 197,340 265,980

12 1,154 2,308 60,000 n/a 98,951 n/a n/a 158,951 154,610

13 52 208 60,000 n/a 2,000 n/a n/a 62,000 4,327

14 52 208 60,000 n/a 2,000 n/a n/a 62,000 4,327

15 52 208 60,000 n/a 2,000 n/a n/a 62,000 4,327

16 108 432 60,000 n/a 4,400 n/a ida 64,400 5,711

17 108 432 60,000 n/a 4,400 n/a n/a . 64,400 5,711

18 108 432 60,000 n/a 4,400 n/a Ida 64,400 5,711

19 108 432 60,000 n/a 4,400 n/a n/a 64,400 5,711



For operation duringthe on-peakperiod only, PWCSD staffing is assumed to be one foreman,
one maintenancemechanic (WG-10), and one watch standerOVG-II) present one-half hour before
scheduledoperation untilone-half hour after sch_uled shutdown. The on-peakperiod occurs for
7 h/d, Monday throughFriday during the summer season, excluding holidays, and for 3 h/d, Monday
throughFridayduring the winter season, excluding holidays. At currentPWCSD labor rates, this
equatesto a total labor chargeof $154,610 per year. This staffing level is associated with alternative
Scenarios6, 9, and 12.

If the cogenerationfacility is converted to an emergency-generatorfacility, staffingwill occur
during an outage and when engines are tested. Because, for purposesof this analysis, it has been
assumed that outages will not normallyoccur, no labor costs are associated with this event. During
the scheduled engine tests, staffing requirementsare estimated to be one watch stander (WG-11) for
approximatelyfour hours for each test. Under the directive of NCTS, there will be 48 no-load tests
(one per week, except for quarterlyfull-loadtests) andfour full-load tests (one per quarter)._'_At
current PWCSD labor rates, this equates to a total labor charge of $4,327 per year. This staffing
level is associated with alternativeScenarios 13, 14, and 15.

Under Scenarios 16 through 19, the emergency generatorsare assumed to operate approximately
56 h/yr in addition to the routine scheduled load tests. Assuming that interruptionoccurs 7 times per
year, 8 hours per interruption,and that staff would arriveone-half hour before and departone-half
hour after interruption, the PWCSD laborcost for this scenario would be $5,711 per year.

4.3.2.2 Maintenance Costs

PWCSD performs maintenance on the cogenerationfacility, including the chiller plant, beyond
that covered by the Pentech preventive maintenance contract. During 1992, these general mainte-
nance costs were $60,000. Maintenance costs can usually be related to the equipment run time.
However, these maintenance costs are associated with the HVAC and auxiliary equipment, which will
continue to operate in a similar fashion, and are thereforetreated as a fixed cost.

The cogeneration engines have two catalytic conveners in series. These catalytic converters are
replaced after one year of operation at a cost of $15,000 each. The annual cost of the catalytic
converters is also assumed to be a function of engine operating hours for Scenarios 1 through 9. In
the emergency-generatoralternatives, the life of the catalytic converters also is assumed to be a
function of engine run time.

The maintenance requirementsfor the cogenerationengines are subcontractedby PWCSD.
These maintenance requirements include: preventive maintenance,nonroutinemaintenance, and
engine overhauls. Although the cost of preventive maintenanceshould also be a function of operating
hours, this is a point of contract negotiation. For the purpose of this analysis, it is assumed to be a
fixed cost of $92,196 per year for Scenarios I through 9.

(a) Facsimile Communication,John Thomas, PWC Code 610, for Douglas McDaniel, NCTS SD
N42. May 4, 1993, 9:10 a.m. PDT.
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Corrective maintenanceconsists of special incidents. During the previous year, the cogeneration
facility experienced aroundtwo incidents per month at a cost of $800 per incident. These incidents
are furtheroutlined in AppendixI. The frequencyof incidents is assumedto be a function of
equipmentruntime for Scenarios 1, 2, and 3, Under the repairandreplacementoptions (Scenarios4
through9), the incident rate is assumedto be 50% less or one incidentper month.

The reciprocatingengine generatorsare overhauledafter every 20,000 h of engine run time,
which is undercontractto Pentechat a cost of $30,376 per engine. This equates to an average cost
of $1.52 per engine run-hour, which is used to estimate the overhaul cost of each of the scenarios
involving reciprocatingengines.

The maintenance cost estimated for the gas turbine options is not separated into multiple
categories. The total maintenancecosts for the gas turbinescenarios are identified in the subcontrac-
tor preventive maintenancecolumn in Table 4.4. The estimatedmaintenancecosts are based on
another gas turbine cogenerationfacility located at the Naval Regional Medical Center (Zavala and
Holler 1991). The hospital has three natural-gas-fired 800-kW solar gas turbinegenerators. Mainte-
nance costs at this facility are also subcontracted. This annualcontractfee includes monthly visits,
routine maintenance,emergencyvisits, overhauls, parts (except oil and filters), and contractorlabor.
The maintenance cost estimatesfor Scenarios 10, 11, and 12 were proratedbased on operating
capacity and engine run hours. These costs correlate well with maintenance costs found in California
Energy Commission sources (CEC 1991).

The total maintenancecosts for the emergency-generatoroptions (Scenarios 13 through 19) are
also identified in the subcontractorpreventive maintenancecolumn in Table 4.4, although it is
assumed that all maintenanceon the,emergency generatorswould be performed by PWCSD person-
nel. The total maintenancecosts for these options are derived from other PNL studies of emergency-
generatorfacilities (Richman et al. 1993; Dixon et al. 1992). The annualmaintenancecosts for
Scenarios 13, 14, and 15 are estimatedto be $2,000. Scenarios 16 through 19 requireadditional
operatinghours, thereforethe annualmaintenancecosts are estimated to be $4,400. Maintenancecost
for the backupboiler system of Scenarios 14, 15, 18, and 19 are assumed to be negligible.

4.3.3 Emissions and Related Costs

4.3.3.1 Summary of Findings

The emissions costs associated with the NCTS cogeneration plant fall into two categories: the
annual permitting cost and the opportunitycost of the emissions permits. The annual permitting cost
is a fee paid directly to SDAPCD and is estimated at about $10,724 per year. This fee would be
discontinued if the plant were shut down and so representsa plant operating cost. In addition to this
fee, there is the opportunity cost of operating the plant, which is derived from the emissions permits
held by the plant. This opportunity cost is the value that could be obtained from the sale of the right
to emit regulated pollutants. When the plant is operating, these rights must be held by the USN. If
the plant were to reduce its level of operation or be closed down, some or all of these rights could be
sold or saved for use on a different pollution emitting project. In either case, the closure or reduced
operation of the plant would result in the production of a set of emissions permits with a market
value. This market value is estimated to be at least $400,000 if the plant were closed, which should
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be treated as a one-time lump sum obtainedafter the plant closure. If the plant were not closed but
reduced its level of operation, the value of the saleable permits would be proportionallyless. The
permits should be valued at the marketvalue, even if the USN were to save the permits for their own
use, because possession of the permits would save the USN from having to purchase permits on the
open market. For a more thorough discussion on emissions trading, see Appendix C in Economic
Analysis of Operating Alternatives for the South Vandenberg Power Plant at Vandenberg Air Force
Base, Cal_'ornia(Daellenbachet al. 1993).

4.3.3.2 Description of SD_ Regulations

Permit schedules vary dependingoa the type and size of a facility. The schedule that the NCTS
plant falls under charges an annualrenewal fee per engine. The renewalfee covers all costs involved
with testing and emissions fees and representsan average of the cogenerationplants of a given
size. (') This fee changes from year to yearbecause it is calculatedby dividing the numberof
engines tested into the total cost of testing, with a two-year lag.c'_ In other words, changes in
testing costs and engine populationfor 1991 will be reflected in the renewal fee for 1993. If an
engine is going to be taken off line, the plant owner has two choices: the emissions can be banked or
traded, or the engine can go to a nonoperationalstatus.

For the emissions to be bankedor traded, creditsmust be issued by SDAPCD. The numberof
credits is determined by the actualemission outputof the engine averagedover the last two years of
operation. Credits are only issued for emissions reductions that are real and permanent.(°_The
value of these credits is uncertainbecauseof the newness of the market andthe limited numberof
markettransactions that have occurred. The value of the credits i_,_also affected by whether the
district is in attainmentfor a given pollutant;that is, whetherthe measured pollutants within the
district meet state or federal limits. Within SDAPCD, the only pollutantin attainment is sulfur oxides
(Sex). The district is in nonattainmentfor nitrogenoxides (NOx), particulatematter(PM), carbon
monoxide (CO), and reactiveorganic compounds(ROCs).¢_ Both attainmentand nonattainment
pollutants can be traded;however, district nonattainmentpollutantlevels imply a greatervalue for
those credits.

Another alternativethat the plant owner has is to place the engine on nonoperationalstatus. The
nonoperationalstatus fee allows the owner to maintainthe emissions permit in the event that the
owner may want to bring the engine back on line.

(a) Personal Communication,Barney Mclntire, San Diego Air Pollution Control District. February
23, 1993, 9:00 a.m. PST.

Co) Personal Communication,John Savel, Code 950B Public Works Center, Environmental
Division. March4, 1993, 9:45 a.m. PST.

(c) Personal Communication,Dan Speer, San Diego Air Pollution ControlDistrict. February 23,
1993, 8:30 a.m. PST.

(d) Personal Communication,Alberto Abreu, San Diego Air Pollution Control District. October 27,
1993.
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4.3.3.3 The NCTS Cogeneratlon Plant

The NCTS c.ogenerationplant consists of four 650-kW Caterpillarengines operated as rich burn
using natural gas with a propane backup fuel supply, which are operatedby PWCSD. Currently, the
NCTS plant operates two engines continuously while maintaining a third engine for backup power.
The engines are permitted for operation at 600 kW, with a minimumoperation level of 580 kW and a
maximum level of 620 kW (see Appendix H) for natural-gas usage with diesel oil backup.¢'_The
engines were permittedat 600 kW insteadof 650 kW because that is the maximum power level that
the engines were able to achieve when tested,c'_

The engines are tested at least once a year by SDAPCD. According to the permits, each engine
can emit up to 215 ppmv of NOx and up to 350 ppmv of CO, If an engine fails the emissions test, a
notice of violation is issued and a fine is assessed. The plant operatorwill then shut down the
violating engine to avoid additionalfines, and begin the process of correcting the problem. Once the
correctionis made, an independenttesting firm is brought in to retest the engine and SDAPCD sends
an observer. After submission of a final report, the plantoperator must go before a hearing board to
ask that a variance be granted before the engine can be restarted. Operationof the engine during this
time can result in large fines. Once the variance has been granted, the operator can bring the engine
backto full operationalstatus,c'_

The NCTS plant has received six to eight notices of violation in the past. The plant has been in
compliancefor the past year, however, primarilybecause of the purchaseand use of a portable tester.
The tester monitorsthe engine emissions so that problemscan be quickly identified and corrected to
avoid furtherviolation notices,c') For this reason, the variable costs associated with violation notices
were not included in the analysis because it was assumed that the use of the portable tester would
preventfuture notices of violation.

4.3.3.4 Development of Environmental Cost Estimate

Each year, the NCTS must renew the permits on each of the operatingengines. Currently, the
permit fee for 1993 is $2,681 per engine. If the NCTS plant decides to take an engine off line but
retainthe permits, the cost will be $147 per engine per year. Calculating the opportunity cost of
operating the engines is more complicated.

Table 4.5 summarizes the emissions per engine for 1991.¢_)SDAPCD does not test for Sex,
and ROCs are a subset of total organic compounds O'OCs). Engines are identifiedby permit number,
and pollutant levels are listed in tons.

(a) Personal Communication,John Savel, Code 950B Public WorksCenter, Environmental
Division. March 4, 1993, 9:45 a.m. PST.

Co) Personal Communication,John Savel, Code 950B Public Works Center, Environmental
Division. March 2, 1993, 8:15 a.m. PST.

(c) Personal Communication,Clay Hinlde, San Diego Air Pollution ControlDistrict. March 3,
1993, 4:30 _.m. PST.
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In 1991, however, the emissions of NOx andCO exceeded the permittedlevel, resulting in
fines. Only actual, permittedemissions can be traded,so the potentially available credits are less than
shown in Table 4.5. Table 4.6 shows the level of potentially available credits.

Assuming that these totals representcontinuousoperationof two engines, and that this level of
operationwould be maintainedfor 2 years priorto any shutdown, the next step is to assign a value to
the available credits. Table 4.7 containsthe best estimates of existing marketprices for emission
credits (Daellenbachet al. 1993).

Table 4.$. 1991 AnnualEmissions Per Engine

Engine Engine Engine Engine
860537 860538 860539 860540 Total
tons) (tons

Nox 1.8 1.7 20.1 17.2 40.8

TOC 1.2 3.5 8.3 4.6 18.2<'_

ROC 0.3 0.9 2.1 1.2 5.1_')

CO 0.2 1.3 2.5 3.3 7.3

PM -- 0.I 0.I 0.I 0.3

(a) Totals for TOC and ROC include0.6 ton for metals
coding.

Table 4.6. Potentially Available Emissions Credits

Credit
(ton/vr)

NOx 34.4

ROC 5.1

CO 7.3

PM 0.3
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Table 4.7. EstimatedValue of Emission ReductionCredits

Value
Eallalam  s/to )

ROC 20,000

NOx 10,000
sex 4OO

CO 4OO

PM 400

The $20,000 price per ton for ROC i_ based on an actual sale thatoccurred in VenturaCounty
Air Pollution Control District. The $10,000 price per ton for NOx is a prediction based on the ROC
sales price andthe price of control technologies. There is a low but nonzero estimated price for Sex,
although it is not a regulatedpollutant. This is presumablybecauseof some speculative demandto
offset potential future regulations. While CO is regulated in SDAPCD, it is not in the Santa Barbara
Air Pollution ControlDistrict; the district for which these figures were estimated. The $400 price per
ton from Santa Barbara is used here; however, it probablyrepresentsa lower bound estimate. These
price estimates are very rough and should be treated as approximatelower bound estimates because
this is a new, highly volatile market. As an example of the volatility, consider the experience in one
district where an owner was made an offer of $1,000,000 for five tons of SOx credits. The owner
decided to keep the credits,c°_

By combining the informationin Tables 4.6 and 4.7, the estimated value of permits held by the
NCTS cogenerationplant is $449,040 (see Table 4.8). This value would only be realized if the plant
were to shut down entirely. Table 4.9 shows the value of the emissions permits used for each
scenariobased on their hours of operation. Table 4.9 also shows the value of the renewal fee, which
is based on the numberof permiRed engines.

Table 4.8. Value of Emissions Permits

Value Estimated Value
Ton (S/ton) I._

ROC 65.1 20,000 102,000
NOx 34.4 10,000 344,000
CO 7.3 400 2,920
PM 0.3 400 120
Total 41.4 449,040

(a) Personal Communication, Bill Anderson, EMC Inc., February25, 1993, 10:00 a.m. PST.
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Table 4.9. Value of Renewal Fee and Emissions Permits for the Life-Cycle Cost Analysis

Engine Renewal Emissions
Operation Fee Permit Value_*_

Scenario _h/yr) ($/yr) ($)

1 8,760 10,724 0
2 4,080 10,724 223,898
3 1,189 10,724 388,092

4 8,500 10,724 13,328
5 3,959 10,724 246,101
6 1,154 10,724 389,886

7 8,500 10,724 13,328
8 3,959 10,724 246,101
9 1,154 10,724 389,886

10 8,500 5,362 13,328
11 3,959 5,362 246,101
12 1,154 5,362 389,886

13 52 1,060 446,374
14 52 1,060 446,374
15 52 1,060 446,374

16 108 1,060 443,504
17 108 1,060 443,504
18 108 1,060 443,504
19 108 1,060 443,504

(a) Must obtainnew permit to operateat reducedlevel, and operate at the
reduced level for two years before the value of emissions permits can be
realized. Therefore, the proposed cash flow will occur in 1997.

4.3.4 Implementation Costs

The 19 scenarios can be divided into five main groups for implementationcosts, which are
status-quo,repairthe existing engines, replacethe engines with new reciprocatingengines, replace the
engines with new gas turbines, and convert the facility to emergency-generatorstatus.

Scenarios 1, 2, and 3 are status-quo alternatives. There are no implementationcosts for these
alternatives. The engines continueto operate in their existing condition.
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Scenarios4, 5, and 6 are repairalternatives. The Energy Technology Engineering Center
(ETEC)was commissionedby PNL to further evaluatethe conditionof the existing cogeneration
facility to identify necessary repairsrequiredto bring the facility up to original specifications. The
ETEC reportis located in AppendixI. Repair costs ate estimated to be $54,525, which includes
replacing the load-sharing and speed controls; the air-fuel ratio controller;service and tune-upof the
governoractuators,Caterpillarengines; switch gear; andsome electrical and instrumentationrewir-
ing. In additionto the repairsto the engines and controls, PNL has also identified necessary
modifications to the electrical switchgear, which is included in the implementationcost estimate.
Becausethe plant will not be staffed continuouslyin Scenarios 5 and6, the chilled-water system will
be equippedwith new automatedvalves and controls to better control the system and respondto
equipmentfailures. Should a chiller, cooling tower, or pump fail, the new control system will shut
down the failed component and automaticallystartanother. The cost of this modification, including
materials,labor, equipment,and engineeringfees, is estimated to be $35,950.

Scenarios 7, 8, and 9 assume the existing engines are replacedwith new reciprocating engines.
The total implementationcost for this set of alternatives is estimated to be $1_830,000, which includes
removingthe existing engines andgenerators, purchasingnew reciprocatingengine generators, deliv-
ery, and installing and commissioningthe new system (Reddenet al. 1986; Gerber 1988; CEC 1991).
It is assumed that the salvage value of the existing engines would cover the cost of their removal.
The existing waste heat recovery equipmentis still used under these scenarios as discussed in Section
2.0. In addition to replacing the engines and controls, PNL has also identified necessary modifica-
tions to the electrical switchgear, which is included in the implementationcost estimate. Because the
plant will not be staffed continuously in Scenarios 8 and 9, the chilled-water system will be equipped
with new automated valves and controls to respond to equipmentfailures. The cost of this modifica-
tion, includingmaterials, labor, equipment, and engineering fee,s, is estimated to be $35,950.

Scenarios 10, 11, and 12 consider replacing the existing cogeneration system with a new gas
turbine cogeneration system. Implementation of this alternative is estimated to be $5,554,000, which
includes removing the existing engines, generators, and waste heat recovery equipment; purchasing
new gas turbines with generators and waste heat recovery equipment; delivery; installing and commis-
sioning the new system; and training PWCSD personnel on the O&M of the new system (Rodden et
al. 1986; Gerber 1988; CEC 1991). In addition to replacing the cogeneration system, PNL has also
identified necessary modifications to the electrical switchgear, which is also included in the implemen-
tation cost estimate. Because the plant will not be staffed continuously in Scenarios 11 and 12, the
chilled-water system will be equipped with new automated valves and controls to respond to equip-
ment failures. The cost of this modification, including materials, labor, equipment, and engineering
fees, is estimated to be $35,950.

Scenarios 13, 16, and 17 assume the cogeneration facility is converted to an emergency-
generatorfacility. In additionto the repairs noted in the repair alternatives described earlier (Scenar-
ios 4, 5, and 6), it is estimated that additional servicing and conversionwill be required (see Appen-
dix I). The total implementationcost for these scenarios is estimated to be $100,425.

Scenarios 14, 18, and 19 involve repairing the engines as described for Scenario 13, as well as
installing a new 11.5 MBtu/h (output)boiler (approximately350-boilerhp) to back up the AEI steam
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system. The new boiler is requiredto supply the peak thermal energy requirementsof the NCTS
facility, includingthe forecasted growth. The total implementationcost for this scenario is estimated
to be $259,250.

Scenario 15 involves replacing the entire cogenerationsystem with a new emergency-generator
system and new backupboiler. Implementationof this alternativeis estimated to be $2,024,725,
which includes removing the existing engines and generators, abandoning-in-placethe waste heat
recovery equipment,purchasingnew emergency generators,purchasingthe new boiler, installing new
automatedvalves andcontrols, and installingand commissioning the new system.

Because the plant will no longer be staffed in any of the emergency-generatorscenarios (Scenar-
ios 13 through 19), the chilled-water system will be equipped with new automated valves and controls
to respond to equipment failures. The cost of this modification, including materials, labor, equip-
ment, and engineering fees, has been included in the implementation cost estimates. A summary of
the implementation costs for all scenarios is shown in Table 4.10.

As noted in Sections 2.13 through 2.19, the emergency generatorsare to be tested under no load
approximatelyone hour each week andunderfull load approximatelyone hour each quarter. Load
banksare not included in the implementationcost estimate. Full-load tests will be accomplished by
connectingthe generatorsto the electric grid. The new engine controls are capable of automatically
synchronizingwith the electric grid.

4.3.5 Life-Cycle Cost Analysis

The alternativescenarios described in this reportwere evaluated on the basis of their life-cycle
costs. Federal agencies are required to evaluate energy-relatedinvestments on the basis of minimum
life-cycle costs (10 CFR 436). The life-cycle cost of an investment is the presentvalue of all costs
associated with the investmentover time. The cost elements cannotsimply be summed up when cal-
culatingthe life-cycle cost because costs occurringat different points in time need to be treated differ-
ently (NBS 1987). This is accomplishedthroughdiscountingusing the federally mandateddiscount
rateof 4.0% (NIST 1992) andfuel escalationrates. In addition, competing alternatives must be ana-
lyzed over the same life. For alternatives with different estimated lifetimes, appropriatereplacements
at end of life, salvage values, and economic values must be considered. Twenty-five years is used as
the commonproject life for this analysis with implementationoccurringin 1995. The life-cycle cost
of an alternative is calculated by summing the presentvalue of all costs (implementation, energy, and
O&M). The net savings of an alternativeis the difference between the life-cycle cost of the alterna-
tive and that of the existing system or base case. In this analysis the base case is Scenario 1.

The results of the life-cycle cost analysis for the 19 alternative scenarios are shown in
Table 4.11 and are expressed in 1995 dollars (the implementation year). Because the emissions credit
estimate is volatile, life-cycle costs and net savings are provided with and without the credit. Sce-
nario 17 has the best life-cycle cost (least total cost), therefore the highest net savings. The next best
alternativeis Scenario 19. The only differencebetween these two scenarios is the backupboiler
included in Scenario 19. The inclusion of a fast response backupboiler may be a technical require-
ment if the engines are not capableof providingbackup thermal energy within the 15-minute
requirementof the NCTS facility (noted earlier).

4.18



Table 4.10. Summaryof ImplementationCosts

Implementation Replacement Economic Value at
Cost Replacement Cost End of LCC Period

Scenari¢ (1993 I;) Yeara_ (1993 $) (%)
1 0 2015 1,950,000 81
2 0 n/a n/a 0
3 0 n/a n/a 0

4 54,525 2005 & 2019 1,950,000 89
5 90,475 2017 1,950,000 87
6 90,475 n/a n/a 0

7 1,830,000 2009 1,830,000 18
8 1,865,950 n/a n/a 0
9 1,865,950 n/a n/a 0

10 5,554,000 2016 3,080,000 78
11 5,589,950 n/a n/a 17
12 5,589,950 n/a n/a 17

13 100,475 n/a n/a 0
14 259,250 n/a n/a 0
15 2,024,425 n/a n/a 0

16 100,475 n/a n/a 0
17 100,475 n/a n/a 0
18 259,250 n/a n/a 0
19 259,250 n/a n/a 0

Assumes implementationby end of 1995.
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Table 4.11. Summaryof Life-Cycle Cost Analysis in 1995 Dollars

Life-Cycle Cost Life-Cycle Cost Net Savings Net Savings
w/Emission w/o Emission w/Emission w/o Emission

Scenario Credit ($_ Credit ($_ Credit ($_ Credit ($)

1 12,522,000 12,528,000 base case base case

2 9,286,000 9,509,000 3,236,000 3,019,000

3 8,322,000 8,709,000 4,200,000 3,819,000

4 14,988,000 15,012,000 (2,466,000) (2,474,000)

5 10,073,000 10,318,000 2,449,000 2,210,000

6 4,319,000 4,709,000 8,203,000 7,819,000

7 13,897,000 13,910,000 (1,375,000) (1,382,000)

8 9,222,000 9,467,000 3,300,000 3,061,000

9 5,417,000 5,807,000 7,105,000 6,721,000

10 28,923,000 28,936,000 (16,401,000) (16,408,000)

11 16,099,000 16,344,000 (3,577,000) (3,816,000)

12 9,233,000 9,621,000 3,289,000 2,907,000

13 898,000 1,342,000 11,624,000 11,186,000

14 1,069,000 1,513,000 11,453,000 11,015,000

15 2,969,000 3,413,000 9,553,000 9,115,000

16 (1,430,000) (989,000) 13,952,000 13,517,000

17 (2,560,000) (2,118,000) 15,082,000 14,646,000

18 (1,259,000) (818,000) 13,781,000 13,346,000

19 (2,389,000) (1,947,000) 14,911,000 14,475,000
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Date of Report Prepared by: PWC Sin Diego
08-Oan-93 Utilities Dept

Code 691

NASNI 1482 ST 2203009-L008 13800 5198531 NBT 1. IN CHILLIER 110014 ON WALL ENGINE ROON SIDE 08
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Read Days In Meter ESTimated Monthly Monthly Previous Same Month Av O Daily &vg Dally Previous Same Month
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Appendix B

Natural-Gas Unit Cost Calculations for 1992



Table B.1. Unit Cost Calculationsfor NaturalGas

Coeep R_It©, ]_Qn-CogenRatQ

1992 Billing
Month Se_on Procurement Transmission procuremtnt T_ansmission

($/therm) ($/therm) ($/therm) ($/therm)

Jan W $0.215230 $0.120430 $0.215230 $0.177210

Feb W $0.163980 $0.120430 $0.163980 $0.177210

Mar W $0.163980 $0.119575 $0.163980 $0.176012

Apt S $0.163980 $0.095660 $0.163980 $0.142470

May S $0.174540 $0.096787 $0.174540 $0.144482

Jun S $0.178865 $0.097520 $0.178865 $0.145790

Jul S $0.169575 $0.097520 $0.169575 $0.145790

Aug S $0.215760 $0.097520 $0.215760 $0.145790

Sep S $0.230600 $0.097520 $0.230600 $0.145790

Oct S $0.272918 $0.097520 $0.272918 $0.145790

Nov S $0.238458 $0.099173 $0.238458 $0.148116

Dec W $0.204987 $0.124140 $0.204987 $0.183245

Average:

Winter $0.18704 $0.12114 $0.18704 $0.17842

Summer $0.20559 $0.09740 $0.20559 $0.14550

Summer Winter

Cogen Rate:

Procurement $0.20559 $0.18704

Transmission $0.09740 $0.12114

Reg. Fee $0.00076 $0.00076
Total $0.30375 $0.30895 /therm

Non-Cogen Rate:

Procurement $0.20559 $0.18704

Transmission $0.14550 $0.17842

Reg. Fee $0.0007_ $0.00076

Total $0.35185 $0.36622 /therm

B.1



Appendix C

Public Works Center Federal Energy Regulatory Commission
Calculations for 1992



COGENERATION D_ S_Z

Data for year 1992 NAVAL..COMP.TELECOM. CNTR. 28 JAN 1993
Facility name or No. date -

I
2585 I 3844 6429

ie

2922 I 1363 4285
|

2650 I 2a.37 5087

_._:_pn:_:!_._I 8896 2677 1 1791 4468
9637 2934 .. I 2243 5177

I

8585 2589 I 2536 5125

9848 5478

8091 144

9067 2783 2112 4895

9464

9377 2797 2680 5477

11069 3035 57"18
"

Totals 112384 33475 29711 63186 _,%_,_ 5T_"
A B C D

. The operating and efficiency standards in euuation form are:

i. operating standard 2. efficiency standard
C

B+--

C x 100% > 5% ( 2
i )xIoo__42.s

My operating standard result is 47.0% .

My efficiency standard result is 43.0% .

for PWC San Diego,CA

signature entity

Head, Utilities Department
title

Relationship to the cogeneration facility owner

Head, Utilities Department

C.I



Appendix D

Marginal Energy Cost Calculations - Cogen Gas Rate



MarginalEnergyCostAnalysis- CogenGasRate

Bectd¢ Rate Summer Winter

Energy

On.Peak $0.0SmS $0.0S171/kWh
Smt.P_k $0.O4833 $0.03M4/kWh
Off.P_k $0.933m $0.031M/kWh

Demand

SystemPeak $13.30 S2.17/kW
True F_mk $1.24 $1.24 /kW

NeturaJGasRate

Cogen $0.30375 $0.30896 /therm Baa4don: 0.107 therm/kwh
Non-cogen $0.35185 $0.36622 /therm ell additionalgas

StelunRate

AvoidedCost $1.961 $1.591 /Mlbs @100 psig, or
AvoidedCost $0.222 $0.180 /therm

EngineRating
RatedLoad 100% 650 kW
Oereted Load 92.31% 600 kW

EngineSpecifications Load 100% 75%" 50% 25% Units

FuelInput (HHV) 7,807,000 6,193,000 4,623,500 3,091,500 Btu/h
Heat Rate 12,011 12,(191 14,226 18,966 Btu/kWh

Bectricel 850 488 325 163 kW .

- BecfficeJ 2,217,800 1,665,056 1,108,900 556,156 Btu/h
- Percentof FuelInput 28.41% _6.89% 23.98% 17.99%

Thermal-exhaust 2,672,000 1,980,000 1,378,500 839,400 Btu/h
- Percentof Fuel Input 34.23% 32.13% 29.82% 27.15%

. I:teoovemble 1,429,700 1,017,000 662,000 362,000 Btu/h
-Percent of totalexhaust 53.51% 51.11% 48.02% 43.13%

- Non-Recov. 1,242,300 973,000 716,500 477,400 Btu/h

- Percentof FuelInput 28.27% ;iiiiii;i;ilil;::_ii:::,;iiil;i_ii::iii::iiiii!i;:i;i_;_:.i

F_=_.,ab.. ;iliiii_i_iil;!:,i';'.iiii!'_;_;_':i_,iiii;.ii!'._:;i_i;i!;!!i!i_! .t./h
-Percent of total jaoket ::i!i!!:.i!:!iii_iiiii!i!i !iii_i;il ili!:ilW!iii::!i:.i!i!i!i!_!_ii

. No..,:,.,:o,,. ii':;i;',',i_,:,:,';iiiiii_;i':':i'i::iiiiiii!iiiii',N_iiiil;iil;ii!;iii;_iiil;ili!!ii!i;_!.t./h
Thermld-lubeoil 232,0201iill iiiiiiii;iMi_!ii?iiiiiiii_;_iii!iiiiii::9i_ Btu/h

_mntofF.,Input 2.9_i!_iii_i_iiiii!_ii_i_ii_i_i_;_iiii_i_;ii_iiiiiii_:_iiiii!iiii_!i_!!ii!i_ii
.F.=_e,abl. ililiii_i_iiiiiii!i_ii_i_:i_ii!i_;_i_i_ii_i_iiii_ii__iii_iiiii_!!i_i.t./h

_,centoftot,_u_,o, _i_;i_iiii_i_ii_i_iiii_;_iii_i!!_i_i_:_i_;i!ii_i_!_i_ii!_ii
.Non-F_o,,. _i_i:;i;!_;_i_;;;_;_;_;_;i!i;i_;i_i;_i_i_i!i!;;._;iii_iii_i_i;;;i_;_!_!_!!:__/_

- Percentof Fuel Input 1.97% ii!i!i!_!!::;i!ii_i::!i!::!!iii::i!_ii::!:.;ii:.:iiii::ii:i;1:':_ii

- _-,,,_, _iiii:_iii_:i!_i_:_!iiii!_!_i!!i!_g_iii_i_!_!_!ii_;i_:_:ii!i!!!!i_iii_!i_:_ie_/h
•.._,_.nto,,o__,_, ii::i::iiiii;,i!_i_i:_,ili,,iiiiiii_i',i!i':iiiii_i_iiiiii'i':i_i_i

- Non.pe_ov. ::!iiiiiiii!!i:ii::iiiiiiia_1,!::!ii!_i_i:!!i!iii!iiiiiiiiiiiii!_iii_iiii!iiii!i:iii!i!iii_:!:_!_!iii_ii:i!:iiii:iiii_i!iii_!_i_!e_u/h
Thermal-redlation 317,340 317,340 317,340 317,340 Btu/h

- Percentof Fuel Input 4.06% 5.12% 8.88% 10.26%

Thermel-un_ounted (a) 163,560 287,979 375,922 413,852 Btu/h
- Percentof Fuel Input 2.10% 4.65% 8.13% 13.39%

Total Thermal Recoverable 3,817,274 2,910,973 2,075,981 1,301',457Btu/h
- Percentof Fuel Input 48.90% 47.00% 44.90% 42.29%

(s) Unaccountedthermal energy most likelyin the jacket wnterandlube oil heat system.
Shaded ares not documented in equipment specifications,ammmedvalues.

D.]



EfficiencyAnalysis

Efficiency (buod on HHVof fuel) Load 100% 75% 50% 25%
Ei_ 28.41% 28.88% 23.98% 17.99%
Thermal_rable 48.90% 47.00% 44.90_ 42,29%
TotalCogen Efflolenoy 77.30_, 73.N_ 68.88% 80.28%

Efficiency (buod on I.IW of fuol) Load 100_, 75% _ 25%
Net EiocldcaJ 30.31% 28.62% 25.40% 18.74%
'ThorrnMRe(x)vorablo 54,33% 52.23% 4_).8_, 46.90%
TotaJCogen Efflalen_ 84.64% 80.85% 75.29% 65.73%

FERC EfficJenw(am)

Thermadenergy usable 100% 57.48% 54.74% 50.34% 42.23%

(percentof recoverable) 90% 54.76% 52.13% 47.85%::_::_..._.:.............:..i!%°:i_:__i
%,.%,,.,%,.,;,.,..--.

:.. _:T:::..::_._._¢.:.:._..>_...._._.:.::::::.._::::::_:::: :::::::::::::::::::::::::: ..:

...... _,. _ .... ._.::_.':.:_::::.__>.;:_.T_..?.:....!__i_::_::'::_ _:_::::::::::::::.. ..:
q_ .:,:.:_:...'._._.',. ... o: ,. . . .y..:.... ,:,:.:.:.:.:.:.:.:..

(a) Shadedarea dogs not meet SDG&E efflolen_/requiroment_ama Qualified Facility(QF).
FERCeffl_oncy- not _ efficiency+ 1/2 mlefulthermal effl(:len_
FEF_ eaJeulstionsbaaedon fuel lowerheatlngvalue (LHV).

D.2



Valueof CogeneratedEnergy
EngineFullLoad

(Values are per engine per hour)

Summer Wlnter

Load Energy On-Peak SemkPesk Off-Peak On-leak Semi-leak Off-Peak
Fuel Input

92.31% 7,310,385 Btu/h- total ($22.63) ($22.63) ($22.63) ($23.10) ($23.10) ($23.10)
6,420,000 Btu/h. ¢ogen rate

Shct_c_Output
92.31% 600 kW $41.32 $27.20 $20.21 $37.03 $23.18 $19.12

Heat I:bcoversbleand Useable

100% 3,523,(mBtu/h $7.84 $7.64 $7.64 $6.38 $6.36 $5.35
90% 3,171,274 Btu/h $7.05 $7.05 $7.05 $5.72 $5.72 $.5.72
80% 2,818,910Btu/h $8.27 $6.27 $6.27 $3.0g _.00 _.0Q
75% 2,642,728Stu/h $5.88 $5.88 $5.68 $4.77 $4.77 $4.77
70% 2,466,546 Btu/h $5.49 $5.49 $5.49 $4.45 $4.45 $4.45

60% 2,114,163 Btu/h $4.70 $4.70 $4.70 $3.81 $3.81 $3.81
50% 1,761,819 Btu/h $3.92 $3.92 $3.92 $3.18 $3.18 $3.18
40% 1,40Q,455 Btu/h $3.13 $3.13 $3.13 $2.54 $2.54 $2.54
30% 1,057,001 Btu/h $3.35 $2.36 $2.38 $1.91 $1.91 $1.91
25% 880,9(_ Btu/h $1.96 $1.96 $1.96 $1.5£) $1.59 $1.$9
20% 704,728 Btu/h $1.57 $1.57 $1.57 $1.27 $1.27 $1.27
10% 35_,354 Btu/h $0.78 $0".78 $0.78 $0.64 $0.64 $0.54
0% 0 Btu/h $0.00 $0.00 $0.00 $0.00 $0.00. $0.00

Net MarginalValueof Energy Summer Winter
UseableThermal Energy On-leak Semi.leak Off.leak On.leak Semi-leak Off-Peak

100% $26.52. $12.40 $5.42 $20.29 $6.45 . $2.38
90% $25.73 $11.62 $4.63 $19.65 $5.81 $1.74
80% $24.95 $I0_63 $3.85 $19.02 $5.17 $I .I I
75% $24.56 $I0.44 $3.45 $18.70 $4.86 $0.79
70% $24.17 $I0.05 $3.07 $18.38 $4.54 $0.47

60_ $23.38 $9.27 $2.28 $17.75 $3.90 ($0.16)

50_ $2:2.60 $6.49 $1.50 $17.11 $3.27 ($0.80)
40% $21.82 $7.70 $0.71 $16.47 $2.63 ($I .44)
3o% $21.03 $6.92 ($0.07) $15.64 $2.0o ($2.07)
25% $20.64 $6.52 ($0.46) $15.52 $1.68 ($2.39)
20_ $20.25 $6.13 ($0.85) $15.20 $1.36 ($2.71)
10% $19.47 $5.35 ($1.64) $14.57 $0.72 ($3.34)
0% $18.56 $4.56 ($2.42) $13.93 $0.09 ($3.98)
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Valueof CogeneratedEnergy
ThermalLoadFollowing

(Valuesare per engine per hour)

Summer Winter
Load Energy On-Ptak Semi-Peek Off.Peak On.Pimk Semi-Peek Off.Peak

Fuel Input

92% 7,310,534 Btu/h ($22.63) ($22.63) ($22.63) ($,23.09) ($23.09) ($23.09)
7,1el,400Bt./h ($22.10) ($¢Z.10) (t_2.10) ($22._) ($22._) ($22._)

eo_ e,sls,eooBtu/h ($2O.25) ($20.Z) ($a).25) ($20.¢n ($20.57) ($20.s7)
75% 6,193,000 Btu/h ($19.28) ($19.26) ($19.26) ($19.69) ($19.69) ($19.69)
70% ° 5,879,100 Btu/h ($18,34) ($18.34) ($18.34) ($18.74) ($18.74) ($18.74)
60% 5,251,300 Btu/h ($16.47) ($16.47) ($16.47) ($16.84) ($16.84) ($16.84)
50% 4,623,600 Btu/h ($14.60) ($14.80) ($14.80) ($14.94) ($14.94) ($14.94)
40% 4,010,7Q0 Btu/h ($12.77) ($12.77) ($12.77) ($13.09) ($13.09) ($13.09)
30% 3,397,900 Btu/h ($10.96) ($10.96) ($10.95) ($11.25) ($11.25) ($11.25)
25% 3,001,500 Btu/h ($10.04) ($10".04) ($10.04) ($10.32) ($10.32) ($10.32)

I-knitRecovereblelind Uselble

92% 3,538,496 Btu/h $7.87 $7.87 $7.87 $9.38 $5.38 $8.38
90% 3,454,754 Btu/h $7.68 $7'.68 $7.68 $8.23 $6.23 $6.23
80% 3,oo2,233etu/h $8.U _.U _.U $5.58 $5.58 $5.58
75% 2,910,973 Btu/h $0.47 $6.47 $6.47 $5.25 $5.25 $5.25
70% 2,743,974 Btu/h $6.10 $6.10 $8.10 $4.95 $4.95 $4.95
6O% 2,40o,97eBtu/h $5.36 U.3e $6.3O $4.36 $4.36 $4.25

2,076,981Btu/h $4.62 $4.62 $4.62 $3.75 $3.75 $3.75
40% 1,768,571 Btu/h $3.93 $3.93 $5.93 $3:19 $3.19 $3.19
30% 1,461,162 Btu/h $3.25 $3.25 $3.25 $2.64 $2.64 $2.64
25% 1,307,457 Btu/h $2.91 $2.91 $2.91 $2.36 $3.36 $2;36

BecUlcal Output

92% 600 kW $41.33 $27.21 $20.22 $37,04 $23.19 $19.12
90% 585 kW "$40.30 $26.53 $19.72 $36.11 $22.61 $18.64
80% 520 kW $35.83 $23.58 $17.53 $32,11 $20.11 $16.58
75% 488 kW $33.(K) $22.12 $16.44 $30.11 $1"8.95 $15.55
70% 458 kW $31.36 $20.64 $15.34 $28.10 $17.60 $14.51
60% 390 kW $26.87 $17.69 $13.15 $24.06 $15.06 $12.43

50% 325 kW $22.38 $14.73 $I0.95 $20.06 $12.58 $I0.35
40% 260 kW $17.92 $11.79 $6.77 $16.06 $10.05 $8,29
30% 196 kW $13.46 $8.86 $8.58 $12.06 $7.55 $8.23
25% 153 kW $11.22 $7.39 $5.49 $I0.06 $6.30 $5.10

Net MarginalValue of Energy

92% $26.58 $12.44 $5.46 $20.33 $6.46 $2.41
90% $25.79 $12.02 $5.21 $19.71 $6.21 $2.24
80% $22.46 $10.22 $4.16 $17.02 $5.01 $I .49
75% $20.80 $9.32 $3.64 $15.68 $4.42 $1.11
70% $19.12 $9.40 $3.10 $14.31 $3.81 $0.72

60% $15.76 $8.58 $2.04 $11.58 $2.59 ($0.06)

53% $12.40 $4.75 $9.97 $9.86 $1.36 ($0.84)
40% $9.08 $2.96 ($0.07) $8.15 $0.15 ($1.61)
3o% Ss.75 $1.is ($1.12) 53.46 ($1.06) ($2.58)
25% $4.09 $0.25 ($1.64) $2.00 ($1.iS'/) ($2.77)
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Valueof CogeneratedEnergy
ElectricalLoadFollowing
(Values Ire per engine perhour)

Summer Winter
load Energy On-Peak Semi-Peak Off-I=_mk On.Peak Semi.Peak Off-Peak

FuelInput

75.00% 6,193,000 Btu/h - total ($19.28) ($1V.28) ($19.28) ($1g.69) ($19.69) ($19.69)
5,221,600 Btu/h - oogenrate

_eot_e_Output
75.05% 488 kW $33.60 $22.12 $18.44 $30.11 $18.86 $15.55

Heat Fieoovombloand I.hleablo

100% 2,910,973 Btu/h $8.47 $6.47 $8.47 $5.25 $5.25 $5.25

90% 2,sle,sTsBt./h $5.S3 iS.a3 $5.83 $4.73 $4,73 $4.73
80% 2,328,778 Btu/h $5.18 $5.18 $5.18 $4.20 $4.20 $4.20.
75% 2,183,230 Btu/h $4.86 $4.86 $4.86 $3.94 $3.94 $3.94
70% 2,037,ealBtu/h $4._ $4.53 $4.53 S3.68 $3.ea $3.68
60% 1,746,584 Btu/h $3.88 $3.88 $3.88 $3.15 $3.15 $3.15
5O% 1,458,4a6Btu/h $3.24 $3.24 $3.24 $2.63 $2.S3 $2.53
40% 1,184,389 Btu/h $2.59 $2°50 $2.50 $2.10 $2.10 $2.10
30% 873,292 Btu/h $1.94 $1.94 $1.94 $1.58 $1.58 $1.58
25% 727,743 Btu/h $!.62 $1.62 $1.62 $1.31 $1.31 $1.31
20% 582,195 Btu/h $1.28 $1.29 $1.29 $1.05 $1.05 $1.05
10% 291,0e7Btu/h $0.e6 So.ss $0.es $0.s3 $0.53 $0.s3
o% o Btu/h $0.05 to.oo $0.oo $0.05 $0.oo $0.00

Net MarginalValue of Energy Summer Winter
Useable Thermal Energy On-Peak Semi.Peak Off-Peak On-peak Semi-peak Off-Peak

100% $20.80 $9.32 $3.64 $15.68 $4.42 $1.11

90% $20.15 Se.e7 $2.99 $15.15 $3.89 $0.59
80% $19.50 $8.02 $2.34 $14.63 $3.37 $0.06
75% $19.18 $7.70 $2.02 $14.36 $3.11 ($0.20)
70% $18.86 $7.37 $1.(m $14:10 $2.84 ($0.47)

60% $18.21 $9.73 $1.05 $13.58 $2.32 ($0.99)
50% $17.56 $8.08 $0.40 $13.05 $1.79 ($1.EQ)
40% $16.91 $5.43 ($0.25) $12.53 $1.27 ($2.04)
30% $16.27 $4.73 ($0.90) $12.00 $0.74 ($2.57)
2s% ilS._ $4.43 ($1.22) $11.74 t0.48 ($2.e3)
20% $15.62 $4.14 ($1.54) $11.48 $0.22 ($3.09)
10% $14.97 $3.49 ($2.19) $10.95 ($0.31) ($3.62)
0% $14.33 $2.84 ($2.84) $10.42 ($0.83) ($4.14)
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Valueof CogeneratedEnergy
ElectricalLoadFollowing

(Values areper engine per hour)

Summer Winter

Load Energy On-Peak Semi-Peak Off-Peak On-Peak Semi-Peak Off-Peak
Fuel Input

50.00% 4,623,500 B1lu/h- total ($14.60) ($14.(10) ($14.(K)) ($14.94) ($14.94) ($14.94)
3,477,500 Btu/h - oogen rate

Beetdc,dOutput
50.00% 325 kW $22.35 $14.73 $10.96 $20.06 $12.56 $10.35

Heat Fteooverabloand L/uable

: 100% 2,075,981 Btu/h $4.62 $4.62 $4.62 $3.75 $3.75 $3.75
90% 1,808,383 Btu/h $4.18 $4.18 $4.15 $3.37 $3.37 $3.37

80% 1.ee0.765Stu/h $3.W $3.m $3.e_ $3.00 $3.00 $3.00
75% 1,556,986 Btu/h $3.46 $3.48 $3.46 $2.81 $2.81 $2.81

70% 1,453,187 Btu/h $3.23 $3.23 $3.23 $2.62 $2.62 $2.62
60% 1,245,589 Btu/h $2.77 $2.77 12.77 $2.28 $2.25 $2.28
50% 1,037,990 Btu/h $2.31 $2.31 $2.31 $1.87 $1.87 $1.87
40% 830,392 Btu/h $1.88 $1.85 $1.85 $1.50 $1.50 $1.50
30% 622,794 Btu/h $1.38 $1_38 $1.38 $1.12 $1.12 $1.12
28% 518,_s Btu/h $1.18 $1.15 $1.18 $0.94 $0.94 $0.94
20% 415,196 Btu/h $0.92 $0.92 $0.92 $0.75 $0.75 $0.75

10% 207,598 Btu/h 1;0.46 $0.46 $0.46 $0.37 $0.37 $0.37
0% o et,/h $0.00 $0.00 $0.0O $0.00 $0.00 $0.00

Net MarginalValueof En@rgy Summer Winter
UseableThe=,TnalEnergy On-Peak Semi-Peak Off-Peak On-Peak Semi-Peak Off.Peak

100% $12.40 $4.75 $0.97 $8.86 $1.35 ($0.84)
90% $11.94 $4.29 $0.51 $8.49 $0.99 ($1.21)
80% $11.46 $3.83 $0.05 $8.11 $0.61 ($1.59)
75% $11.28 $3.60 ($0.18) $7.92 $0.43 ($1.78)
71)% $11.02 $3.37 ($0.41) $7.74 $0.24 ($1.96)
60% $10.55 $2.91 ($0.88) $7.35 ($0.14) ($2.34)

50% $10.00 $2..46 ($1.34) $6.99 ($0.51) ($2.71)
40% $9.63 $1.g8 ($1.80) $6.81 ($0.88) ($3.09)
30% $9.17 $1.52 ($2.26) $8.24 ($1.26) ($3.46)
28% $8.94 $1.29 ($2.49) $8.05 ($1.46) ($3.65)

20% $8.71 $1.06 ($2.72) $5.86 ($1.63) ($3.84)
10% $8.28 $0.60 (t;3.18) $5.49 ($2.01) ($4.21)
0% $7.78 $0.14 ($3.65) $5.12 ($2.38) ($4.59)
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Appendix E

Marginal Energy Cost Calculations - Non-Cogen Gas Rate



MarginalEnergyCostAnalysis- Non-CogenGas Rate

Beotrio Rate Summer Winter

Energy
On.Peak $0;06886 $0.06171 /kWh

Seml-Puk $0.04633 $0,03564/kWh
Off.Peak $0,033_ $0.031U/kWh

Demand

SymmPeak $13.39 $2.17/kW
True Pe=k $1.24 $I_4 /kW

NaturalGM Rate

Non<x_on $0.35185 $0.36522 /thorm
Steam Rate

AvoidedCoIt $1.981 $1.591 /Mlbe @100 palg, or
Avoided Cost $0.222 $0.180 /thorm

Engine Rating
Ratedtoad 100% 650 kW
DemtedLoad 92.31% 600 kW

Engine Speotflcettone Load 100% 75% 50% 25% Unite

Fuel input (HI-N) 7,807,000 6,193,(XX) 4,623,500 3,001,500 Btu/h
Heat Pate 12,011 12,891 14,226 18,966 Btu/kWh

Bectrle,al 650 488 325 163 kW

- Bectrl_ 2,217,800 1,665,066 1,108,900 556,156 Btu/h
- Percentof FuelInput 28.41% 28.89% 23.98% 17.99%

Thermal-exhauIt 2,672,000 1,990,000 1,378,500 839,400 Btu/h
- Percentof FuelInput 34.23% 32.13% 29.82% 27.15%

- RiooverIblo 1,429,700 1,017,000 662,000 382,000 Btu/h
-percent of total oxhauet 53.51% 51.11% 48.02% 43.13%

- Non-Re_v. 1,242,300 973,(XX) 718,500 477,400 Btu/h
Thermal-jacketwater 2,050,740 ii!iiii!i::!iiii_i_ii!i!il 1:i21!_i_i::!ii:illi 8i_74!i Btu/h

- Percentof FuelInput 28.27%

-percent of total jacket

- Non.Reoov. ii.1_4i Btu/h
Thermal-lube oil • 232,020 iiiii::i_i:::iiiiii!iil.84il_ii:.i::::i:i::_:.i_ii13_i_iii::i:_iii:i_:19:I.,878::Btu/h

- PercentofFuelInp_ 2.97%_iiiii:,ii',i'::-ii!i:,ili!ii_i_iii',i_!i':i::iiiiiiiiii_i_iii_'_::iiii':_i:.i:.i!i!21_:;!
Raooverlble Btu/h
-percent of total lubeoil i ii ::.iii i!_%:: i iill_iii!!!!ii!_._iiiiiiiiiii!ii!!i::::_ii! i!iii!ii:!i_i_i!

Non._ov :'.i!ii:i:.ii::i:_ii:::,',_i_ii'_ilii!'_!iii:,'.'-',i_,_I':!i_::iiiii'.ili!i::::iiii:_!!!!'.iiii_!i::ii':ii!:::,i:',_iW__/h
Thermal-intemooler 153,540_iiiiiiii:iiii:i:i_::i_lli_!i:ii!!i:::i::!ii:.i_;_iiii:ii:i:i:i!:_ Btu/h

- Percentof Fuel Input 1.97% :.::i:_!i::i:!:_!!!!!i::_ii_._ii::iii!iiiiiii::ii!_!_:i_ii_:.:_i_:!!iii:!i:::::_:ii:ii_i

. ,,©over_l. ::':ii!!::ii:ii:::i:_;_"',iiiiiii!::_,!i:,:.!iii!i!!i!_i_!i!:ii::i':i!'::i:::ii_:i!!:._!i!iiii:,i!_i _/h
-Percent of total inter_r

. _o.._._o_. . '- _ _ ' :__i_iii.',..i!.i.::iii!iii.i::i!i81:._ili::_ii:.'.':!,.ii.'::ii_i_i_u/h
Thermal-radlatlon 317,340 317,340 317,340 317,340 Btulh

- Percentof Fuel Input 4,06% 5.12% 6,86% 10.26%

Thermal-unaccounted(a) 153,560 287,979 375,922 413,852 Btu/h
- Percentof Fuel Input 2.10% 4.65% 8.13% 13.39%

TotalThermal Fleooverable 3,817,274 2,910,973 2,075,981 1,307,457 Btu/h
- Percentof Fuel Input 48.90% 47.00% 44.90% 42.29%

(a) Una_ounted thermal energy molt likely in the jacketwaterm_dlube oil heat system.
Shaded area not documented inequipment speoiflcetionI,thereforeazgmmedvalues.
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EfficiencyAnalysis

Effiolenoy (baud on HHVof fuel) Loxd 100% 75% 50% 25%
EleoUioaJ 28,41% 25.8_ 23.98% 17,99%

Thermll Fleooverable 48°_)% 47..00% 44.90% 42.29%
TotalCogon EffloterK)y 77.30% 73.80% (18,88% 80.28%

Efflotenoy(baledonLHVoffuel) load 100% _S% Ik_ 25%
Net Eleotrioal 30,31% 25,82% 25.40% 18.74%
ThormiJ Fleoove_le 54.33% 52.23% 4e.8_ 48,N%

TotalCogen Efficlenoy 54.54% 80.85% 75.29% 65.73%

FERCSff_m_y(a)
Thermll energy u_41bte 100% 53'.48% 54.74% 50.34% 42.23%

(per_nt of reooverable). 90% 54.76% 52.13% 47.85 _i_ii_i_

75% 50.69% 48.21% 44.11%il!!il_ i!i!!i.i!';i_i

oo% _._"_'_.:"'_............_:._i" _':48.81% 44.29%_i__!i...:::.::.:.':.:.::_:"• " _ ....._:.. ..:._:_.'..:::_:_:_:_:.'::.::i:_ . _._.: • .:_.:.:._:.:.::::....43,50%., ,. _.,. . ._...... :.:.:.:.:.:....
50%_:_:_:!:_:_:_:_:_:.___i_i_!_i_ _i_:._
40%_,."_i.:._'_'___!_i_i_!_i__

(_) Shadedm'u does not meet 8DO&E efflolenoyrequlremtnts u s QumllfltdFmolllty(OF),

FERC efflolen_y= net ele_zloal efflclen_y+ I12 uleful thermal effk:lenoy
Cak:ulmlonsbased on fuel lowerhextlngvalue (LHV),
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Valueof CogeneratedEnergy
EngineFullload

(Values ate per engine per hour)

summer Winter
load Energy On.Peak semi-Peak Off-Peak On-Peak Semi.Peak Off.Peak

FuldInput

_31_, 7,310,3u k/h ($mS._) ('.25._) (Im.72) (l_.Tt) (_.77) (_._)

BeomcmiOutput
92.31% 600 kW $41.32 t27.20 $20.21 137.03 $23.18 $19.12

Heat Ftloqwerlbleand Uleable

100_ 3,u3,¢_ Btu/h sT.e4 $7.e4 17.84 M.35 $6.35 $6.35
90% 3,171,27'4 Btu/h $7.06 $7.06 $7.05 $8.72 $5.72 $5.72
9o% 2,818,910atu/h M.2"F N.2"/ 16.27 _.00 _.00 $5._
7_s,x, 2,_m,728Stu/h U.88 U.M M.M $4.77 S+.Tr S4.Tr
70% 2,4_,64e Btu/h S6.40 $6.48 _.4e 14.4S $4.46 $4.46
60% 2,114,183 Btu/h $4.70 14.70 $4.70 $3.81 $3.81 $3.81
50% 1,761,81e Btu/h 13.92 $3".92 13.92 13.18 $3.18 $3.18

1,40e,4_smu/h 13.13 13,13 13.13 t#.S4 $2.54 $2,S4
30% 1,057,091 Btu/h $2.35 $2.35 $2.35 $1.91 $1.91 $1.91
25% 350,909 Btu/h $1.96 $1.96 $1.96 $1.5g $1.59 $1.59

704,?28 Btu/h $1.87 $1.5"/' $1.57' $1.27 $1.2"/' $1.27
10% 352,354at./h $0.7e t0.78 $0.7_ So.e4 $0.e4 So,e4
0% 0 et./h $0.03 13.00 $0.0O $0.O0 $0.O0 $0.O0

Net Marginal Value of Energy Summer Winter
Useable Thermal Energy On-Peak Semi-Peak Off-Peak On-Peak Semi.Poak Off-Peak

100% $2,3.43 $9.31 $2.33 $16.61 $2,77 ($1.33)
9o% $22.e6 $9.53 $1.s4 $1s._ $2.13 ($1.93)
8o% $21.ee ST.Ts $0.70 $1s.34 $1.50 ($2.s7)
75% $21.47 $7'.35 $0.37 $15.02 $1.18 ($2.89)
70% $21.06 $9.96 (SO.02) $14.70 $0.86 ($3.2!)

60% $20.30 $9.18 ($0.81) $14.07 $0.23 (13.84)
50% $19.51 $5.35 ($1.50) $13,43 ($0.41) ($4.48)
40% $18.7'3 $4.61 ($2.37) $12.80 ($1.04) ($5.11)

30% $17.96 13.83 ($3.16) $12.16 ($1.68) ($5.75)
25% $17.55 13.44 (13.55) $1_.84 ($2.00) ($6.07)
2o% $17.1e 13.04 (S3.94) $11.53 ($2.32) ($6.35)
10% Sle.3a $2.25 (14.72) SlO.m) ($2._) ($7.02)
o_ $15.s0 $1.4e ($6.51) $10.25 (13.s9) ($7._s)
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Valueof GogenerutedEnergy
ThermalLoad Following

(Valuesareperengineperhour)

8ummw Winter
Load Energy On-Peak Semi-Peak Off.Peak On.Peak Semi.Peak Off-Peak

Fuel Input

m 7',310,634 Btu/h ($25,72) (126.72) (126.72) (t20.77') ($2e.77) (S_e.77)
0o% 7,1el,400 ot,/h ($_s.ao) (las._o) (l=s.ao) (sae.93) (l_e.93) ($2e.23)
eo_. e,ulu,eoo ntu/h (U2.oa) (122.93) (l=2.oa) ($23,68) ($23.ee) ($23.ee)
76% 6,193,000 Btu/h ($21.70) ($21.79) ($21.79) ($22.68) ($,22.08) ($22..68)
70% 6,87'9,100 Btu/h ($20.00) (1t20.00) (120.(10) (!121.63) ($21.53) ($2.1.63)
00% 6,281,300 Btu/h ($18.48) ($18.48) ($18.40) ($10.23) ($19.23) ($19.23)

4,023,600 8tu/h ($10.27') (S16.27) ($16.27) ($10.93) ($16.93) ($10.93)
4o% 4,010,7_0mu/h ($14.11) ($14.11) ($14.11) ($14.00) ($14.60) ($14.68)
30% 3,397',900 Btu/h ($11.96) ($11.06) ($11.96) ($12.44) ($12.44) ($12.44)
25% s,ool,sooetu/h ($10.68) (S10.68) (;10.68) ($11.32) ($11.32) ($11.32)

Heat Reooveral)loend U_able

92% 3,63e,40eatu/h $7'.87' _.e7 $7.e7 $6.3e $6.38 Se.3e
9O% 3,464,7648m/h $7.68 $7.68 $7.68 $6.23 $6.23 $6,23
8o% 3,oo2,233St./h $6.68 $6.ee sue $6.68 $6.68 S6.68
78% 2,910,973etu/h $6.47 $6.47 $6.47 $6.26 $6.26 $6.26
7'0% 2,743,974 Btu/h $6.10 $6.10 $6,10 $4.96 $4.95 $4.95

2,4O0,978etu/h $6.3e 18,38 $6.3e $4.38 $4.38 $4.38
5O% 2,076,68_Otu/h _.02 $4.ee $4.e2 _,78 _.75 43.76
40% 1,768,571 Btu/h $3.93 $3.93 $3.93 $3.19 $3.19 $3.19
3O% 1,4e1,1_ Btu/h $3.26 _._ $3,26 $2.64 _.64 _.64
28% 1,307,45"retu/h S2.91 U.91 $2,91 $2.38 $2.36 _.3e

Beou'iealOutput
92% 600 kW $41,33 $,27.21 $20.22 _7.04 $23.19 $19.12
90% 586 kW $443.30 $26.63 $10.72 $36.11 $,22.61 $18.64
80% 620 kW $35.63 1123.60 $17.63 $32.11 $,20.11 $18.68

78% 488 kW $33.00 1122.12 $1e.44 $3O.ll $18.86 $16.66
70% 458 kW $31.36 $_0.64 $16.34 $28.10 $17.00 $14.61
60% 300 kW L26.87 $17.68 $13.16 $24.00 $16.08 $12.43
50% 325 kW $22.38 $14.73 $10.96 $20.08 $12.68 $10.26
40% 280 kW $17.92 $11.79 $11.77 $10.68 $10.06 $8.29
30% 196 kW $13.46 $6.1M $6.68 $12.06 $7.56 $6.23
25% 163 kW $11.22 $7.30 $6.40 $10.00 $6.30 $5.19

Not MarginalValue of Energy

92% $23.47' $9.35 $2.37 $16.68 $2.80 ($1.27)
90% $22.78 $9.01 $2.20 $16.12 $2.62 ($1.36)
eo% $19.79 $7.64 Sl.40 $13.63 $1.63 ($1.70)
76% $18.29 $9.80 $1.12 $12.00 $1.43 ($1.88)

$1e.Te $6.oe _.Te $_1.82 $1.o2 ($2.o7)
e_ $13.78 _._ So.o3 $9.2o $0.1o ($2.48)
5o% $1o.73 $3.os ($0.70) $6.87 ($0.63) ($2._)
40% $7.74 $1.62 ($1.41) $4.56 ($1.44) ($3.21)
30% $4.75 $0.15 ($2.12) $3.25 ($2.26) ($3.58)
26% $3.25 ($0.58) ($2.48) $1.10 ($2.66) ($3.77)

E.4



Valueof CogenemtedEnergy
ElectrlcalLoadFollowing

(Vslues m per engine per hour)

Summer Winter

Load Energy On.Peak SemI-PeJ Off.Peak On.Peak SemI-Pe_ Off-Peak
Fuel Input

75.00% 8,193,000 Btu/h ($21.79) ($21,79) ($21.79) ($,22.68) ($22.68) ($22,68)

Beotrlo_Output
75.00% 488 kW $33.80 lr_.. 12 $16.44 $30.11 $18.86 $15.55

Hut I:leooveral)lo1rod_le

100% 2,910,973 Btu/h $6.47 $6.47 $6.47 $5.25 $5.25 $5.25
90% 2,619,870 Btu/h $5.83 $5.83 $5.83 $4.73 $4.73 $4.73
80% 2,32s,77e8tu/h $6.1e $5.1e $5.1e $4.2o $4.2o $4.2o
76% 2,183,230 Btu/h $4.86 $4.55 $4.55 $3.94 $3.94 $3.94
7O% 2,037,551at./h $4.e3 $4.53 $4.63 $3.68 $3.68 $3.68
60% 1,746,584 Btu/h $3.88 .$3.88 $3.88 $3.18 $3.15 $3.15
5O% 1,4SS,46eBt./h $3.24 $3.24 $3.24 $2.63 $2.63 $2.63
40% 1,164,389St./h $2.Sa _Se S2._a $2.10 $2.10 $2.10
30% 873,292 Btu/h $1.94 $1.94 $1.94 $1.55 $1.58 $1.55
25% 727,743 Btu/h $1.62 $1.62 $1.62 $1.31 $1.31 $1.31
20% 582,195 Btu/h $1.29 $1.29 "$1.29 $1.05 $1.05 $I.05
10% 291,057Stu/h $0.68 $0.68 $0.68 $0.83 $0.53 $0.53
0% 0 at./h $0.00 $0.00 $0.00 $5.00 $0.00 $0.00

Net Marginal Value of Energy Summer Winter
Useable Thermal Energy On.Peak Semi-peak Off-Peak On-Peak Semi-Peed( Off-Peak

100% $18.29 $5.80 $1.12 $12.69 $1.,13 ($1.68)
90% $17.64 $6.16 $0.48 $12.16 $0.90 ($2.41)

$16.90 $5.si ($0.17) $11.64 $0.35 ($2.93)
75% $18.67 $5.19 ($0.40) $11.37 $0.12 ($3.19)
70% $16.35 $4.86 ($0.82) $11.11 ($0.15) ($3.46)
60% $15.70 $4.22 ($1.47) $10.50 ($0.67) ($3.98)

50% $15.05 $3.57 ($2.11) $10.06 ($1.2O) ($4.51)
40% $14.40 $2.92 ($2.76) $0.54 ($1.72) ($5.03)
30% $13.70 $2.27 ($3.41) $9.01 ($2.25) ($5.56)
25% $13.43 $1.95 ($3.73) $8.75 ($2.51) ($5.82)

20% $13.11 $1.63 ($4.05) $8.48 ($2.77) ($6.08)
10% $12.46 $0.95 ($4,7o) $7.95 ($3.30) ($6.el)
0% $11.81 $0.33 ($5.35) $7.43 ($3.82) ($7.13)
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Valueof CogeneratedEnergy
ElectdcalLoadFollowing
(Value=are per engineper hour)

Summer Winter

Load Energy On-Peak Semi-Peak Off-Peek On.Peak Seml-Puk Off.Peak
Fuel Input

50.00% 4,623,500 at,/h ($18.27) ($16.27) ($16.27) ($16.93) ($16.93) ($16.93)

BectrlealOutput "
50.00% 325 kW $22.38 $14.73 $10.#', : : : _2.58 $10.35

i

Hut _rable and Useable

100% 2,075,981 Btu/h $4.62 $4.62 $4.62 $3.75 $3.75 $3.75
90% 1,868,383 Btu/h $4.15 $4.15 $4.15 $3.37 $3.37 $3.37
so,x, 1,(_o,7u atu/h $3.m $3.m $3.W $3.00 $3.00 $3.00
75% 1,556,986 Btu/h $3.46 $3.46 $3.46 $2.81 $2,81 $2.81
70% 1,453,187 Btu/h $3.23 $3.23 $3.23 $2.EQ $2.62 $2.62
60% 1,24s,su Bt./h $2.77 $2.77 $2.77 $2.25 $3.25 $2.25

1,037,990 Btu/h $2.31 $2.31 $2.31 $1.87 $1.87 $1.87
40% 830,392 Btu/h $1.85 $1.85 $1.85 $1.50 $1._0 $1.50
30% 822,794 Btu/h $1.38 $1.38 $1.38 $1.12 $1.12 $1.12
25% 518,995 Btu/h $1.15 $1.15 $1.15 $0.94 $0.94 $0.94
20% 415,t96 Btu/h $0.92 $0.92 $0.92 $0.75 $0.75 $0.75
10% 207,598 Btu/h $0.46 110.46 $0.46 $0.37 $0.37 $0.37
0% 0 Bt./h SO.O0 $0.00 $0.00 SO.O0 $0.00 $0.00

Net Marginal Valueof Energy Summer Winter
l_mable ThermalEnergy On.Peak Seml-Puk Off-Peak On.Peak Semi-Peak Off-Peak

100% $10.73 $3.08 ($0.7O) $6.87 ($0.63) ($2.63)
90% $10.27 $2.62 ($1.16) $6.49 ($1.00) ($3.21)
80% $9.80 $2.16 ($1.63) $6.12 ($1.38) ($3.58)
75% _.57 $1.93 ($1.86) $6.93 ($1.56) ($3.77)

70% _.34 $1.m ($2.0e) $5.78 ($1.78) ($3.sm)
60% $8.88 $1.23 ($2.55) $5,37 ($2.13) ($4.33)
50% $8.42 $0.77 ($3.01) $5.00 ($2.50) ($4.70)
40% $7._ $0.31 ($3.4"/) $4.62 ($2.88) ($5.oe)
30% $7.50 ($0.15) ($3.93) $4.25 ($3.25) ($5.45)
25% $7.27 ($0.3s) ($4.18) $4.o6 ($3.44) ($5.64)
2o% $7.04 ($0.81) ($4.4o) $3.87 ($3.63) ($5.83)
10% $6.57 ($1.07) ($4.86) $3.50 ($4.00) ($6.20)
0% $6.11 ($1.54) ($5.32) $3.12 ($4.37) ($6.58)
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Appendix F

Thermal Energy Analyses for Scenarios 1 Through 12



TABLE F.1. Thermal Energy Analysisfor Scenarios 1 - 3

Operating Hours The._ EnergyReoov,mble •.
Summer Winter TOfeJ Summer Winter Total

Allon11%Ivql1;l_ (h/_ Ih/lp) (hly_ (merm/_ (U_m_/y _ (U'_m#/y _
ContinuousOperation 3,672 5,088 8.760 243.276 337,008 500.365

On-Peak& Semi-Peak 1,886 2,384 4,080 112,363 157,944 270,307
On-PeakOperation 742 447 1,188 48,158 29,815 78,774

NCTSForecastedGrowlh

Yew 1962 1903 1984 1995 1986 1987 1988 1980 2000 2001 2002 2003 2004
End of Year 0 1 2 3 4 5 6 7 6 9

LoadIncreue 3.00_ 3.00% 3.00% 3.00_ 3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%

AvoraseElectricaJLoad (M_ 1,100 1,133 1,16;" 1,202 1,238 1,27'5 1,313 1,353 1,.183 1,435 1,476 1,523 1,588

NCTSRequiredThern.d Energy(thenm/_
Summer

Cooling 176,330 161,020 187,088 192,681 198,401 204,415 210,547 216,864 223,370 230,071 236,973 244,882 251,404
Ite_n 9 0 0 0 0 O 0 0 0 0 0 0 0 0
Fl_hemd 0 0 0 0 0 0 0 0 0 0 0 0 0

DHW 4,183 4,308 4,438 4,571 4,706 4,8411 4,995 5,145 5,290 6,458 5,1122 5,790 5,1164
Total 180,513 105.11_ 191,506 167,251 203,109 200,264 215,542 222"006 • 226,008 235,529 242,504 240,872 257.308

Winter

C.,4:x_ng 234,460 241,484 248,738 258,201 283,987 271,803 279,958 288,356 297,(X)7 305,917 315,086 324,547 334,284

_.j Hedng 0 0 0 0 0 0 0 0 0 0 0 0 0
• Fie-twd 0 0 0 0 0 0 0 0 0 0 0 0 0

DHW 5,797 5,071 6,150 6,335 6,525 8,720 6,922 7,130 7,343 7,564 7,791 8,924 8,285
Total 240,257 247,408 254,888 2_2,535 270,411 278,1124 286,679 296,480 304,350 313,401 322.885 332,572 342,548

Th.rmaJEm,rWRKMr._ amdU.*¢_ ta'.,rm/y4
Summer

ContlnuousC_adlon 128,350 130,150 134,054 138,076 142,218 140,485 150,879 150,406 150,988 154,870 198,818 174,911 180,158
On-Peek& Semi-Peak 58,302 00,113 61,916 63,774 05,587 67,857 60,687 71,778 73,931 78,140 76,434 80,787 63,210

On-Prod(Operstlon 25,533 26,299 27,088 27,901 26,738 26,800 30,486 31,403 32,345 33,315 34,315 35,344 38,404
Wlnter

ContinuousOperadk_ 168,150 173,225 178,422 163,775 1B0.268 194,867 200,616 200,840 213,045 216,437 220,020 232"800 230,784
On-Peek & Semi-PeU 78,501 61,105 83,800 98,106 98,602 91,352 94,083 98,616 98,823 102,816 105,902 100,079 112,352

On-Peak Operation 14,775 15,213 15,675 18,145 16,630 17,129 17,542 18,172 18,7t7 18,278 19,857' 25,452 21,086
To_d

ContinuousOperadton 204,530 303,375 312,476 321,051 331,506 341,451 351,865 362,248 376,113 384,307 385,836 407,711 418,942
On-Peak& Semi-Peak 137,163 141,27'8 145,516 149,882 154,378 159,010 163,780 168,1_3 173,754 178,967 154,336 198,888 105,582

On-PeakOperadlon 40,306 41,516 42,783 44,048 45,368 40,729 48,131 49,574 51,062 52,564 54,171 55,767 57,470



TABLEF.1. ThermalEnergyAnalysisfor Scenados 1 - 3 (contd)

2OO5 200e 2OO7 2OO8 200e 2010 2011 2012 2013 2014 2015 201e 2017 2018 2010 202o
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
3.00_ 3.00_ 3.00_ 3.oo% 3.00_ 3.00_ 3.00,_ 3.oo% o.er_ o.oo_ o.oo_ o.oo% o.oo_ o.oo_ o.oo'_ 0.00_

1.015 1.864 1.714 1.705 1,818 1,873 1.929 1.987 2,000 2,000 2,000 2,000 2,000 2.000 2,000 2,000

258.847 286.715 274.716 282.1_8 291.447 300.120 308.198 318.472 320.542 320.542 320.542 320.542 320.542 320.542 3_0.542 320.542
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8.143 6.327 6.517 0.712 6,914 7.121 7.335 7.555 7.804 7.604 7.804 7.004 7.804 7.804 7.804 7.004

2_.0il :27.1.042 281.233 2B.Ir/o 2B,300 307.311 318.531 328.027 -'_.140 328.148 3;78.148 1_.148 328.1M a26,141 328.148 328.148

344,312 354,842 385.261 378.238 387.827 _.152 411.127 423.461 428213 426.213 426,213 426,213 426.213 426.213 426.213 426,213

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8.51a 6,768 0.032 0.302 0.582 o.iB8 1o.185 10.470 10.536 10.538 10.538 10_38 10.538 10.536 10.538 10.538
352,828 383,410 374,313 385,542 387,106 4GB,G21 421,2G2 433,831 436,751 436,751 436,751 438,751 438,751 438,701 438,701 438,751

188,563 191.120 196,883 202,708 206,852 215,118 221,571 226.219 229,702 229.702 229,702 229,70R 229,702 226,'/_ 22B,?OR 229,702
85.701 05,2'/'8 il0,1128 _ il6,4(13 20,387 1(22,338 105"40_1 106,018 106,018 106,01_ 106.01_1 106,01_ 106,(01 106,01_ 105"00_
37.4417 38.821 20.780 40.874 42.203 43.468 44.773 48.116 44.416 46.411 40.416 48.416 46.416 46.410 46.410 48.410

248.m 204,387 202.011) 2m,8711 277.0711 2M,315 204.104 20_.732 a0_720 306,721 308.728 205"721 a0_720 306,721 305"721 3O5"720
115,722 1111,111,1 122.770 128,45.1 130,2.411 134,154 136,171 142,324 141.1.248 14.1,241 143,2411 143,2411 141,2411 14.1,241 14.1,2411 14.1,248
21.e88 22.348 23.010 23.710 24.421 25,154 25.908 25.686 26.850 26.850 28.858 26,8_ 20.850 20,85il 20.850 26.858

432,540 445,517 458,882 472,6411 486,828 501.433 516.478 531,970 535.428 535,428 535,428 535.426 535,428 535,426 535,428 535.428
201.429 207.472 213.886 220.107 226,710 233.511 240,817 247.732 248.342 248.342 248.342 248.342 248.342 248.342 248.342 248.342
50,105 05,970 62,798 64,683 88,824 05,823 70,051 72,802 73,273 73,278 73,275 73,275 73,275 73,275 73,275 73,275



TABLEF.2. ThermalEnergyAnalysisfor Scenarios4 - 6

Summer Winle¢ Total Summer Winter Total

/UtomaUv_,r-e (h/y) Ih/yr) (h/y_ Ohenns/y_ (th.rms/_ Oh*nns/y_
Continuous Operation 3,672 5,088 8,700 502,248 085,923 1,198,1m
_ & _i-_M 1,_ 2,384 4,080 231,974 _,0_ _,_1

_PeU _ 742 447 1,139 101,489 61,139 1_

Year 19_ 1903 1984 19_ 1996 1907 1986 1990 2000 2001 2002 2003 2004
_ _Year 0 1 2 3 4 5 • 7 8 9

I_ 3.o0% 3.oo% 3.0o% 3.80% s.oo_ 3.00% 3.00% 3.00,_ 3.00% 3.o0% a.00% aoo%

AverSe _ Lo_ _ 1,100 1,133 1,117 1,202 1,238 1,2/5 1,313 1,353 1_ 1,435 1,478 1,523 1,,,r_B

F_.ired_ _ (U'.._r.,/y,)
Summer

_ 178,330 181,620 187,088 122,801 196,461 204,415 210,547 216,864 _ _1 _ 244_ 251,404
Heating 0 0 0 0 0 0 0 0 0 0 0 0 0
Ro-IlmM 0 0 0 0 0 0 0 0 0 0 0 0 0

4,183 4,306 4,438 4"571 4,706 4,848 4J 5,145 5,290 5,4158 _ 5,790 5,984
Total 180,513 185"8_6 101.508 107251 g03,108 _,264 215,542 _ _I 235,529 242,504 24_ _

_ntor

_ 0 0 0 0 0 0 0 0 0 0 0 0 0
_J Fte-t._ 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 2_7 _7,_ _J 282,535 270,411 278,524 _8_ _._ _J 313,481 322,885 332,572 _

__ _dUN-..b_(U_rm,/yv)
Summer

_uoua _ I_I 180_I 185,761 101,334 1_4 _ 200,076 215,348 _1,1 228,463 235,317 242,378 249,647
On-PeM & Semi-Peek 80,873 83,290 85,796 80,372 010023 83,754 96,587 80,484 102,447 105,521 108,867 111,947 115,308

_ _,l 38,443 37,537 38,063 30,823 41,017 _ 43,515 44,221 46,185 _J _ _,_
_er

Ctn-Peek& _4¢rd-Ptek 1_,180 112,472 115,846 119,321 122,901 128"588 130,388 134,297 138,328 142,476 146,750 151,153 155,687
On-PeekOperMion 20,474 21,068 21,721 22,373 23"044 23"735 24,447 25,181 25,I 28,714 27,516 26,341 29,101

Total

ContinuousOperllkm 408,14"/' 420,3el 433"003 445,983 459,373 473,154 487,348 501,I_ 517,028 5.32,538 548.515 504,971 801,920
& _ 1B,I 1_1 201,644 _7,_ 213"224 _ 226,952 233,781 240,774 247_7 255,437 283,100 _

Operation 55,856 _ _ 01,036 _ 64,753 86,685 68,898 70,757 72,880 73_ _18 79,638



TABLEF.2. ThermalEnergyAnalysisfor Scenarios4 - 6 (contd)

2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

&O0_ &O0% 3.OO% 3.O0% a.O0_ 3.OO% 3.00% 3.00_ 0.05% O.(X_ O.O0'X, 0.00_ O.O0'X, 0.00_ O.OO% 0.00%
1,615 '1,084 1,714 1,705 1,818 1,873 1,020 1,967 2,000 2.000 2,,000 2,000 2.000 2,000 2,000 2,000

258.947 206,715 274,710 2e2.058 201,447 3o0,120 300,106 318,472 330.042 320,542 320542 320.542 320,542 320,542 320,542 320,542
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6,143 6:327 6,517 6,712 6,914 7,121 7,335 7,555 7,004 7,804 7.804 7,804 7,604 7.804 7,604 7,604
285,080 273,042 261,233 ;?00,670 U 207,311 310,531 325,0_q 328,140 326,146 326,146 326,140 326.146 -'ma.144 328,146 328.144

344,312 354,(_42 365,281 37_3B MT,5_f 300,152 411,127 423,461 420,213 428,213 420,213 42_13 42B,213 420,213 4_8,213 420,213

o o o o o o o o o o o o o o o o
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8,513 8,708 9,032 8.302 9,582 9.880 10.105 10,470 10,534 10,538 10.5214 10.533 10,534 10,536 10,5.18 10.538
3_..,,I_ 383,410 374,313 385,542 307,106 400_021 421,292 433.031 436,751 436,751 436,751 436,751 436,751 436,751 436.751 4_II,701

257,137 204,851 L"_798 280.900 280,410 296.012 307.0Q5 310.240 318,,101 318,3101 318.301 318.301 318.301 318.301 318,301 318.331
118,705 1;_..,3_8 125,997 1_JD,777 133,,671 137,051 141,811 146.000 147.015 147.015 147,015 147,015 147.015 147.015 147,015 147.015

51.900 53,518 55.124 56,778 58,481 05,235 82,042 63,904 64.310 64,310 64,310 84,310 84,310 04,310 84,310 64,310

342,241 _ a_.oea 375,m s05,105 aee.751 408.053 420.013 42s,846 422.046 42s,846 423.046 423.04e 42_.04e 423.04e 422.040
180,358 185,105 170,124 175,228 180,484 185.088 191,478 107,220 198,502 105.502 106,502 198,502 198,502 196,502 198,502 196.062
30,067' 30,980 31,886 32.055 33,841 34,856 35,902 36,979 37.210 37,219 37,219 37,2111 37,210 37,210 37,219 37.210

500,377 617,350 035,680 854,i1_ 674,805 884,843 715,688 737,150 741,1150 741.1150 741,050 741.050 741,950 741,960 741.050 741,950
279,123 257,480 296,121 305.005 314,155 323,580 333,287 343,286 345.517 345,517 345,517 345.517 345,517 345.517 345,517 345,517
82,027 84,467 87,_2 88,633 82.,322 95.081 97,944 100,882 101,538 101,538 101,538 101,538 101,538 101,538 101,538 101,538



TABLE F.3. Thermal Energy Analysisfor Scenarios 7 - 9

Operating Houm _ _
Summer Winter Total Summer Winter Total

Scenarioz7-e (h/yl} Wyr) _IY_ _hermslyr) _.mslF } _,.nsl_
ContinuousOperation 3,872 5,088 8,780 348,881 480,645 827,52e
On-Peak& Semi-Peak 1,886 2,384 4,080 160,215 225,208 385,423

On-Peak Operation 742 447 1,189 70,084 42,228 112,320

NCTS ForocastedGrowth

Year 1982 1993 19B4 1985 1986 1997 1988 199G 2(X)0 2001 2002 2003 2004
End ofYeer 0 1 2 3 4 5 6 7 8 9

load Ina'ea_ 3.OO% 3.o0% 3.00% 3.00% 3.oo% 3.oo% 3.oo% a.oo,x, 3.00'x, 3.00% 3.00% 3.00,_

AverageEleddc,el Load (kW) 1,100 1,133 1,107 1,202 1,238 1,275 1,313 1,353 1,363 1,435 1,478 1,523 1,568

NCTSR,,qulredThen_Enerw(mennsly,)
Summer

Cooling 176,330. 181,620 187,068 192,661 196,461 20;1,415 210,547 216,864 223,370 230,071 238,973 244,082 251,404
Hea_ng 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

DHW 4,183 4,308 4,438 4,571 4,708 4,848 4,9e5 5,145 5,298 5,458 5,822 5,780 5,964
Total 180,513 185,828 191,508 197,251 20Q,188 208,284 215,542 222,008 228,888 _ 242,584 249,872 257,388

Wlrlt_

Coolklg 234,460 241,484 246,738 258,201 263,887 271,303 279,9(58 288,358 297,007 306,917 315,_ "324,547 334,284

"T'J I'kaling 0 0 0 0 0 0 0 0 0 0 0 0 0

Fie-heM 0 0 0 0 0 0 0 0 0 0 0 0 0
DHW 5,797 5,971 8,150 8,335 6,525 6,720 6.922 7,130 7,343 7.564 7,701 8,924 8.285
Total 240,257 247,485 254,880 262,535 270,411 278,524 288,876 295,486 304,350 a13,461 a22,1m 332,572 342_s46

TMm_ Eneroy.Reoowrab_ and U.ab_ (therms/y_
Summer

ContinuousOperation 175,088 180,351 185,761 191,334 197,074 202,1188 20e,076 215,348 221J 228,483 235,317 242,3711 246,847
On-Peak& Semi-Peak 80,873 83,288 85,798 88,372 01,023 93,754 96,587 98,484 102,447 I06_QI 108,667 111,947 115,306

On-Pe_ Opem21on 35,382 38,443 37,537 38,863 33,823 41,017 42,246 43,515 44,921 46,1B5 47.550 46,977 50,446
Winter

Conttnuo_ Operldion 233,0,m 240,041 247,242 254,658 . 292J 270,1(18 278,273 288,921 285,220 304,076 313,188 322,585 332,273
&Serni-Pe_ 108,198 112,472 115,848 119,321 122,981 128,588 133,388 134,297 138,328 142,476 146,750 151,153 155,887

On-PeakOpendlon 20,474 21,088 21,721 22,373 23,044 23,735 24,447 25,181 25,936 20,714 27,510 28,341 29,101
ToUd

ContinuousOperldJon 408.147 420,381 433,OO3 445,983 459,373 473,154 467,348 501,969 517,028 532,538 548,515 564,971 581,920
On-Pe_ & ,S_ni-Pe_ 190,088 125,771 201,644 207,084 213,924 220,342 226,952 233,761 240,774 247,9B7 255,437 263,100 270,963

On-PeakOpendJon 55.858 57,532 59,258 61,036 62,867 64,753 98,8115 68,668 70,757 72,880 75,086 77,318 76,638



TABLEF.3. ThenTB!EnergyAnalysisfor Scenarios7 - 9 (contd)

_ _7 _ _ _10 _11 _12 _13 _14 _15 _16 _17 _18 _9
10 11 12 13 14 15 le 17 18 le 20 21 22 23 24 25
&oo_ 3.00,& &oo,& a._ &_ _ &_ 3._ 0._ _ 0.00_ _ o_ o.oo,& _ o_

1,615 1,884 1,714 1,785 1,818 1,873 1,929 1,I87 2000 2,000 2,000 2,000 2,000 2,000 2,000 2,000

_N7 _71s _4,71e _ 251,447 _,leO _,lm 31_4_ _ _ _ _ _ _ _ _
o o o o o o o o o o o o o o o o
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6,146 _ _17 L712 _14 7,121 7,1 7_ 7,_ 7,_ 7_ 7,_ 7,_ 7,_ 7_ 7,_
_I _H SU_l_ I,_ _ _7,311 316,531 3_B,027' 320.140 _,146 -"t_'A,146 _1_ _146 328.1411 I146 3_8.140

344,312 354,642 385,2Jl 378,2_ 367,527 3_,11 411,127 423,461 428,213 428,213 4_8,213 428,213 428,213 4_8,213 428,213 428,213

o o o o o o o o o o o o o o o o
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

352,828 383,410 374,313 385,542 307,108 408,0_1 421,292 " 433,801 438,751 438,751 438,751 436,751 438,751 438,781 438,751 431_.,751

11_ 1_ 1_ 1_,_ IU1 137,801 141,811 1_1 1_15 1_15 147,018 1_,015 1_15 1_8 1_15 1_15
51,I _II _124 _8 _461 _ _ _ _,318 _,310 _,310 _10 64,310 _10 H_II B,310

342,241 352e501 363,01_ 373,11"/0 3i!6,105 300e751 ,400,053 420,11a 423,040 423,1140 423,640 423,0411 _ _ _ 423,841l
liK),350 lOl.lOI 170,11,4 1711,220 1_,_ 1_ 101,4m 1_ 1M_ 1_ 1_ ll16..._dl 1_ 1B 1_ 1110.502

1,3_ 017_ _I B,I _4,_ _,_ 715,1 737,1M 741,1 741_ 741_ 741_ 741_ 741_ 741_ 741_
_,1_ 257,_ _121 _ 314,1_ _ _7 _ _17 _17 _17 _17 _17 _17 _17 _17

82,027 84,487 i]7,022 89,633 92,322 95081 97,944 100,882 101,538 101,538 101,53_ 101,531l 101,5311 101,536 101,538 101,538



TABLEF.4. ThermalEnergyAnalysisfor Scenarios10 - 12

Operating HoBs ThernmJF-rwW RecovemJ_
Summer Winter Total Summer Winter Total

S_nark_lO-12 (h/y0 (h/yr) (h/y_ (U_ms/yr) (then,s/y_ (therm=/_
Continuous OpecidJon 3,072 5,088 8,700 721J 1,lX)O,3g'f 1,'/'22.382
On-Peak&Semi-Peak 1,696 2,384 4,080 333,486 468,740 802,206

On-Peak OperadJon 742 447 1,189 145,881 87,888 233,780

NGTSForecastedGmvdh

Yew 19e2 1903 1104 1905 19e6 1907 1998 1900 2000 2001 2002 2003 2004
End of Yemr 0 1 2 3 4 5 6 7 8 9

load Irauv=_ 3.00_ 3.00_ 3.00_ . 3.00_ S.OO,X, 3.00% 3.00_ 3.00_ S.00'X, =.00_ a.00'X, 3.00_

Avtmge EIKIdc._ Load (IMI) 1,100 1,133 1,167 1,202 1,236 1,275 1,313 1,353 1,303 1,435 1,478 1.523 lJ

NCTS Requa'td"n'ammdEnmw (U'.,rm=ly_
Sununtr

Cooling 178,330 181,il20 187,068 192.681 198,481 204,415 210.547 218.884 223.370 230,071 238,073 244.082 251,404
HtmUng 0 0 0 0 0 0 0 0 0 0 0 0 0
Fie-heed 0 0 0 0 0 0 0 0 0 " 0 0 0 0

4,183 4,306 4,436 4,571 4,706 4.840 4.906 5,145 5,,290 5,458 5.1122 5.790 5.1164
Total 180,513 18_i,ii28 101,506 197.251 203,168 208,264 215,542 222.006 228,088 235,529 242,584 240,872 257.38q

Winter

C..ooUng 234,4a0 241.4e4 24a,7-ae 2se_01 2ea,alrt 271.80_ we,eM 2M.3_ 2e7,oo7 aoe,_17 als,0m 324,547 334,2s4

l-te_n9 o 0 0 o 0 0 0 0 0 0 0 0 0

_1 Re-head 0 0 0 0 0 0 0 0 0 0 0 0 0
DHW 5,797 5,971 6,150 0,335 6,525 6,720 0,922 7,130 7,343 7.564 7,791 8,024 6,285
Total 240,257 247.405 254,880 282,535 270,411 2r8,524 288,879 285.486 304,350 313,481 322.885 332.572 342.549

Th,,m.d F.m.W p,<ov,_ .rid Umb_ (U.._/_
Ekanmer

Gontb'Km_ Opemk)n 175,096 180,351 185,781 101.334 197,074 202,9_ 200,076 215,348 221,806 226,463 235,317 242,376 248,647
On-Pei( & Semi-Peek 80,873 83,290 il5.798 88,372 01,0_3 8_,754 98,56? 90,484 102,447 105,521 108,867' 11t _kl[7 115,308

On-PeekOperation 35,382 36,443 37.537 38,883 38,823 41.017 42,248 43,515 44,821 48,185 47.580 48,977 50,446
_nter

OpendJon 233,048 240,041 247.242 254,85Q _ 270.1e6 278,273 266,621 295,,220 304,076 313.19B 322.J 332,273
On.-Peek• Stml-Peek 108,196 112,472 115.846 110,321 122,901 126,588 130,306 134,297 138,326 142,476 146.750 151.153 155,687

On-Prod(Opemtk)n 20,4"/4 21,088 21,721 22,373 2_,044 23,735 24.447 25.181 25.936 20,714 27.516 28.341 29,191
TotaJ

CorttlnuousOpmMk)n 406.147 420.3BI 433,003 4455,983 45G,373 473,154 487,348 501J 517.026 532.53B 548.515 564,971 561
& Semi-Pe_ 190,089 195,771 201,644 207,884 213,924 220,342 228,952 233,761 240,774 247,907 255.437 263,100 270,9G3

Oper=m=_ _,ase 57,_,_2 5e,25a e_,o3e e2,ae7 04,7s3 ee,e05 ea,eee 7o,757 7'2,aao 7s,ooo 77,a_a 7o,e3a



TABLEF.4. ThernBIEnergyAnalysisfor Scenarios10 - 12 (contd)

2005 2008 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

10 11 12 13 14 15 16 17 18 19 20 21 22 " 23 24 25
3.00_ 3.00_ 3.00_ 3.00_ 3.00_ 3.00_ 3.00% 3.00% 0.05_ 0.00_ O.O0_n, O.OOaJ_ 0.00_ 000% 0.00_ 0.00_

1,615 1,064 1,714 1,705 1,018 1,873 1,,9_9 1,867 2,000 2,000 2000 2,000 2,,000 2,000 2000 2,000

258,947 286,715 274,710 282.950 291,447 300,190 308,198 318,472 320_12 320,542 3_0,542 320,542 320,542 320,542 3_0,542 320,542
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.143 6,327 6,517 6.712 6,014 7,121 7.335 7,555 7,004 7,804 7,804 7,004 7.804 7.804 7,804 7,804
2_000 273,042 201,233 200,1170 200,300 307,311 310,531 3;R,0_7 320,141 320,140 120,140 32L1dll 320,146 120,141 120,140 32_141

344.312 354,642 385,261 37e,2m 3aT,_q 3e0,1_ 411,127 423,401 426,213 426,213 426,213 426,213 428,213 4a8,213 426,213 426,213

o o o o o o o o o o o o o o o o

O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6,513 8,788 9,032 9,30Q 9,502 ilJ 10,168 10.470 10.538 10,538 10,538 !0.538 10,536 10,538 tO,f_a 10,538

383,410 374,313 385_NI2 307,108 408,021 4i21,202 433,5_1 438,781 438,751 4,38,751 438,7'51 4,38,751 438,ml 438o751 438,751

257,13! 204,1BI 272,7lR 200,II00 288,410 296,082 307.035 316,248 318,301 316,301 318,301 318,301 316,301 311,,1101 111,301 116,301
116,785 122,3_6 125,997 129,Tn' 133,671 137,681 141,811 146,088 147,015 147,015 147,015 147,015 147,015 147,015 147,015 147,015
51,000 53,510 55,124 58,778 58,481 00,235 02,042 63,904 04,310 04,310 64,319 04,310 04,310 04,310 04,310 64,310

_t2.24t a52,500 _m3,0_ 373,m aaS,l_ aoe,_s 400,e_ 420,013 423,e,m 423,0,m 423,e40 423,040 ,re,e40 423,540 42_M0 423,e4e

100,358 185,108 170,124 175,228 180,484 185,800 191,476 lg"J',2_O 1_ 1118,502 198,502 198,50_ 1_ 1_ 188,[I0_ 108,50_ -
30,007 30,980 31,888 32,855 33,841 34J 35,902 36,8?8 37,219 37.219 37,219 37,219 37,210 37,210 37.219 37,210

588,377' 617,3_8 035,880 OS4J 6?4,806 884,843 715,088 737,158 741J 741J /41J 741J 741J 741J 741J 741J
279,123 287,41_ 296,121 305,008 314,155 323,580 333,287 343,268 345,517 345,511 345,517 345,517 345,517 3,115,517 345,517 34_511

82,027 84,487 6'),022 00,033 92,322 95,001 07,944 100,882 101,536 101,538 101,538 101,538 101,538 101,538 101,538 101,538



Appendix G

Energy Analyses for Scenarios 1 Through 12
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TABLEG.1, EnergyAnalysisforScenario1

ReoiprorAitingEngineI_ta:

Number of Enginee 2 Un_ operating

Generltor _ 600 kW-elmh derated

ContraotedOemlmd 2,800 kW@ $0.99 /kW.month (baok-up)

Heat I:_te (HHV) 12,011 Btu/kWh

Thermal _ 49% (peroemOftotal energy)

Operating Sehedule: Summer Winter

On.peak Y y

Semi-Peak Y Y

Off-Peak Y Y

AvadlableOperating Hours 8,760 h/yr

SolleduledDowntimo . 0 h/yr A_umu 2 of 4 engino| ilweyl operating.
NetOperating Houri 8,760 h/yr

Net Utilizationof Hours 100%

LoadUtilizationF_tor 94% (averageenglno load faotorwhon inoperation)

PowerhouseLoad 1.25% (persentof load used in powerhoulm)

EleclIJoRate Schedulo: Houm/Yr Energy (S/kWh) Demlund ($/kW)

Summor On-Peak 742 $0.06886 $13.39

Semi-Peak 954 $0.04533 $I .24

Off-peak 1,976 $0.03369i

sub-total 3,672

Winter On.peak 447 $0.06171 $2.17

Semi-Peak 1,937 $0.03864 $1.24

Off.Peak 2,704 $0.03186

sub-total 5,088

Total 8,760

NaturalGaulRatoSchadulo: Houm/Yr Energy ($/therm)

Winter Cooon Rate 2,904 $0.30895 0.107 thorm/kWh

Non-cogonRate 2,904 $0.36622 1,032 Btu/ouft HHV

928.8 Btu/cuft LHV

Summer Cogen Rate 5,856 $0.30376

Non-(x)gonRate 5,856 $0.35185

SteamRate SGhedulo: Houm/Yr Energy ($/thorm)

Summer MarginalRate 3,672 $0.222

Winter Marginal Rate 5,088 $0.180i

8,760

G.I



TABLE G.1. Energy Analysis for Scenario I (contd)

Nst._ O_ Consumed: Energy (therm/yr) V."ue ($/yr)

Winter CogenPate 357,196 $110,386

Non.oogenPate 48,840 $17,980
ii ,L_ ill ill i

lub-total 406,030 $128,242

Summer CogenPate 720,296 $218,790

Non.cogonPate 98,488 $34,653i

tub-total 818,783 $253,443
i i .

ToUd 1,224,819 f_1,988

BeotricityGenerated: Energy (kWh/w) Demand (kW)

Summer On.PeU 838,976 1,200

Semi.peak 1,076,112 1,200

Off-Peak 2,228,928

Winter On-Peak 504,216 1,2(X)

Semi-Peak 2,184,936 1,200

Off-Peak 3,050,112

Net BectdottyGenersted: Energy (kWh/w) Dermmd (kW) Value ($/yr)

Summ,ar On.Peak 826,514 1,185 $136,249

Semi-peak 1,062,661 1,185 $55,517

Off-Peak 2,201,066 $74,154

_b-total 4,090,241 $265,921

Winter On.Peak 497,913 1,185 $48,726

Semi-peak 2,157,624 I, 185 $93,656

Off-Peak 3,011,986 $95,962

eub-tot_ 5,667,523 $238,345

Total 9,757,764 $504,265

Thermal EnergyRecoverable: Summer Winter Total

243,276 therms/yr 337,089 therms/yr 580,366 therms/yr

RequiredThom_alEnorgy: Summer (thorrns/yr) Winter (therms/yr) Total (thorms/yr)

Cooling 176,330 234,4e0 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

Imb-total 180,513 240,257 420,770

G.2
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TABLEG.1. EnergyAnalysisfor Scenado1 (contd)

Thermal Energy Roooverible & UloelDle:

Energy (thorme/yr) Stm_n (MIl_/yr) Value ($/yr)

Summer 128,350 14,328 $28,100

Winter 168,180 19,068 $30,345
iiii .ll i iiii

Total 294,680 33,304 $58,444

Summaryof Cikmlatlons:"

NaturalGaulFuelCost ($381,688)/yr

BeoUio_ Savings 1504,285 /yr

SDG&ESaok-upCo_ (13o,m)/yr
Thormel Savings _ $58,444 /yr

Net EnorgySavings 150,137 /yr

AveragoSDG&E/FEFIC Effiotonoy 43.57% 42.5% or greaterrequiredfor oogongas rite

Doesqualifyfor oogengas rite.

G.3



TABLEG.2. EnergyAnalysisfor Scenado2

i FklclprocatingEngine Data:

Number of Engines 2 Unitsoperating

GeneratorCapacity 600 kW-each demted

ConlzactedDemand 2,600 kW@ $0.99 /kW.month (back-up)

Hut Rate(HHV) 12,011St./kWh
Thermal I:bcovery 40% (peroentof toteJenergy)

Operating Sohedule: Summer Winter

On-Peak Y Y

Semi.Peak Y Y

Off-Peak N N

AvailableOperating Hour_ 8,760 h/yr

ScheduledOowntime 0 h/yr Assumes2 of 4 enginesalwaysoperating.

NetOperatingHour= 8,760h/yr

Net Utilizationof Hours 100%

LoadUtilizationFactor 94% (averageengine loadfactorwhen in operation)

PowerhouseLoad 1.25% (percentof load used inpowerhouse)

Bectdo RateSchedule: Hours/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peak 742 $0.06886 $13.39

Semi.Peak 954 $0.04533 $1.24

off-peak o $0.03369
sub-total 1,696

Winter On-peak 447 $0.06171 $2.17

SemI.P_zk 1,937 $0.03864 $1.24

off-peak 0 $0.03186

sub.total 2,384

Total 4,080

NaturalGaBRate Schedule: Houns/Yr Energy ($/th_rm)

Winter CogonRate 1,344 $0.30896 0.107 thorm/kWh

Non-cogen Rate 1,344 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/cuft LHV

Summer CogenRate 2,736 $0.30375

Non-cogen Rate 2,736 $0.35185

Steam RateSchedulo: Hours/Yr Energy ($/thorm)

Summer MarginalRate 1,696 $0.222

Winter MarginalRate 2,384 $0.180

4,080

G.4



TABLE G.2. Energy Analysis for Scenario 2 (contd)

NaturaJGasConsumed: Energy (therrns/yr) Value ($/yr)

Winter CogenPate 165,314 $51,074

Non-cogenPate 22,604 $8,278

sub-total 187,918 $59,362

Summer CogenPate 336,532 $102,221

Non-cogenPate 46,015 $16,190

sub-total 382,546 $118,412

Total 570,464 $177,763

ElectricityGenerated: Energy (kWh/yr) Demand (kW)

Summer On-Peak 836,976 1,200

Semi.Peak 1,076,112 1,200

Off-Peak 0

Winter On-Peak 504,216 1,200

Semi-Peak 2,184,936 1,200

Off-Peak 0 '

NetBect_tcityGenerated: Energy (kWh/yr) Demand (kW) Value ($/yr)

Summer On-Peak 826,514 1,185 $136,249

Semi-Peak 1,062,661 1,185 $,55,517

Off-Peak 0 $0

sub-total 1,889,174 $191,767

Winter On-Pe_ 497,913 1,185 $48,726

Semi-Peak 2,157,624 1,185 $93,656

Off-Peak 0 $0

sub-toUd 2,655,538 $142,383

Total 4,544,712 $334,150

Thermal EnergyRecoverable: Summer Winter Total

112,363 therms/yr 157,944 therms/yr 270,307 therms/yr

RequiredThermal Energy: Summer (therms/yr) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

l-kmting 0 0 0

Re-l-kmt 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770

G.5



TABLE G.2. Energy Analysis for Scenario 2 (contd)

Thermal EnergyRecoverable& Useable:

Energy (therms/yr) _ (l_be/yr) Value ($/yr)

Summer 58,362 6,617 $12,979

Winter 78,801 8,934 $14,218

Total 137,163 15,551 $27,197

Summaryof Celoulations:

NaturalGu Fuel Cost ($177,7'63) /yr

Bec_ir.Al Savings $334,150 /yr

SDG&E BaC(-upCost ($30,888)/yr

Thermal Savings $27,197 /yr

Net EnergySavings 152,695 /yr

AverageSDG&E/FERC Efficiency 43.57% 42.5% orgreaterrequiredfor cogen gas rate

Don qualify for ¢ogengas rate.

(3.6



TABLEG.3. EnergyAnalysisfor Scenario3

Reciprocating Engine l_te:

Numberof Engines 2 Unitsoperating

GeneratorCapacity 600 kW-each deratsd-

ContrLL'tcKIDemand 2,600 kW @ $0.99 /kW-month (back-up)

Heat Rate (HHV) 12,011 Btu/kWh

Thorm_ Recovery 49% (peroantof totalonorgy)

OperatingSchedule: Summor Winter

On-Peak Y "_

Semi-Peak N N

Off-Peak N N

AwdlableOperating Hours 8,760 h/yr

ScheduledDowntime 0 h/yr Assumes2 of 4 enginesalwaysoperating.

NetOperating Hours 8,760 h/yr

NetUtilizationof Hours 100%

LoadUtilizationFactor 94% (averageengine load factorwhenin operation)

PowerhouseLoad 1.25% (percentof load used In powerhouse)

EleotdoRate Schedule: Hours/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peak 742 $0.06886 $13.39

Semi.Peak 0 $0.04533 $1.24

Off-Poak 0 $0.03369

sub-total 742

Wintor On-Peak 447 $0.06171 $2.17

Semi-Peak 0 $0.03864 $1.24

Off-Poak 0 $0.03186

sub-total 447

Total 1,189

NaturalGas Rate Schedule: Hours/Yr Energy ($/therm)

Winter Cogen Rate 252 $0.30895 0.107 therm/kWh

Non-cogen Rate 252 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/cuft LHV .

Summer Cogen Rate 937 $0.30375

Non.cogen Rate 937 $0.35185

Steam RateSchedule: Hours/Yr Energy ($/therrn)

Summer MarginalRate 742 $0.222

Winter MarginalRite 447 $0.180

1,189

G.7



TABLE G.3. Energy Analysis for Scenado 3 (contd)

, NaturalGas Consumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Rate 30,996 $9,576

Non.cogenRate 4,238 $1,552

sub-total 35,235 $11,128

Summer Cogen Rate 115,252 $35,000

Non.cogen Pate 15,759 $5,545

sub-total 131,011 $40,553

Total 166,245 $51,681

ElectricityGenerated: Energy (kWh/w) Demand (kW)

Summer On.Peak 836,976 1,200

Semi-Peak 0 0

Off.Peak 0

Winter On.Peak 504,216 1,200

Semi-Peak 0 0

Off-Peak 0

Net EleotricityGenerated: Energy {kWh/yr) Demand (kW) Value ($/yr)

Summer On.Peak 826,514 1,185 $136,249

Semi-Peak 0 0 $0

Off-Peak 0 $0

sub-total 826,514 $136,249

Winter On-Peak 497,913 1,185 $48,726

Seml-l:_mk 0 0 $0

Off-Peak 0 $13

sub-total ,I,97,913 $48,726

Total 1,324,427 $184,976

Thermal EnergyRecoverable: Summer (therms/yr) Winter (therme/yr) Total (therms/yr)

49,159 29,615 78,773

RequiredThermal Energy: Summer (therms/yr) Winter (th4m'ns/yr) Total • (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980iH i i

sub-total 180,513 240,257 420,770

G.8



TABLEG.3. EnergyAnalysisfor Scenario3 (contd)

Thermal Energy Recoverable& Useable:

Energy (therm=/yr) Steam (Mlbl/yr) Value ($/yr)

Summor 25,533 2,8Q5 $5,678

Winter 14,775 1,675 $2,666

Total 40,300 4,570 $8,344

Summaryof Calculations:

NaturalGasFue,Co=t (_1,681)/yr
Electrical Savings $184,976 /yr

SDG&E Back.,upCost ($30,888) /yr

Thermal Savings $8,344 /yr

NetEnergy Savings 110,751 /yr

AverageSDG&E/FERC Efficiency 43.68% 42.5% orgreeterrequiredfor oogengas rate

Doesqualifyfor cogen gas rate.

G.9



TABLE G.4. Energy Analysis for Scenario 4

ReciprocatingEngineData:

Numberof Engines 4 Unitsoperating

GeneratorCapacity 600 kW-each demted

ContractedDemand 2,600 kW @ $0.90 /kW-month (back-up)

Heat Rate (HI-N) 12,011 Btu/kWh

Thermal FkK:overy 49% (percentof total energy)

Operating Schedule: Summer Winter

On-Pesik Y Y

Semi.Peak Y Y

Off-Peak Y Y

AvailableOperatingHoum 8,760 h/yr

Scheduled Downtime 260 h/yr

Net Operating Hours 8,500 h/yr

Net Utilizationof Hours 97%

Load UtilizationFactor 100% (averageengineload factor when inoperation)

PowerhouseLoad 1.25% (percentof load used in powerhouse)

Beotdo Rats Schedule: Hounl/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peak 742 $0.06886 $13.39

Semi-Peak 954 $0.04533 $I .24

Off-Peak 1,976 $0.03369

sub-total 3,672i
i

Winter On-Peak 447 $0.06171 $2.17

Semi.Peak 1,937 $0.03864 $1.24

Off-Peak 2,704 $0,03186

sub-tot_ 5,088

Total 8,760

Neturad(_z Rate Schedule: Houm/Yr Energy ($/therm)

Winter Cogen Rate 2,904 $0.30896 0.107 therm/kWtt

Non-cogenRate 2,904 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/cuft LHV

Summer Cogen Rate 5,856 $0.30375

Non-cogen Rate 5,856 $0.35185

Steam RateSchedule: Hours/Yr Energy ($/therm)

Summer Marginal Rate 3,672 $0.222

Winter MarginalRate 5,088 $0.180

8,760
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TABLE G.4. Energy Analysis for Scenario 4 (contd)

NaturalGasConsumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Rate 0 $0

Non-coganRate 838,265 $306,990

sub-total 838,265 $306,990

Summer CogenRate 0 $0

Non.coganRate 1,690,386 $594,762

sub-total 1,690,386 $594,762

Total 2,528,852 $901,752

ElectricityGenerated: Energy (kWh/w) Demand (kW)

Summer On-Peak 1,727,945 2,400

Semi.Peak 2,221,644 2,400

Off-Peak 4,601,644

Winter On-Peak 1,040,959 2,400

Semi-Peak 4,510,822 2,400

Off-Peak 6,296,986

NetElectricityGenerated: Energy (kWh/F) Demand (kW) Value ($/yr)

Summer On-Peak 1,706,346 2,370 $276,170

Semi-Peak 2,193,873 2,370 $I 14,142

Off-Peak 4,544,123 $153,092

sub-total 8,444,342 $543,404

winter On-Peak 1,027,947 2,370 $99,435

Semi-Peak 4,454,437 2,370 $192,691

Off-Peak 6,218,274 $198,114

sub-total 11,700,658 $490,240

Total 20,145,000 $I ,033,644

Thermal Energy Recoverable: Summer winter Total

502,246 therms/yr 695,923 therms/yr 1,198,169 therms/yr

RequiredThermalEnergy: Summer. (therms/yr) winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLE G.4. Energy Analysis for Scenario 4 (contd)

Thermal Energy Recoverable& Useable:

Energy (therms/yr) Stum (Mlbs/yr) Value ($/yr)

Summer 175,156 19,859 $38,951

Winter 233,126 26,431 $42,063

Total 408,281 46,290 $81,014

Summaryof Calculations:

NaturalGas FuelCost ($901,752)/yr

EleotdcslSavings $1,033,644 /yr

SDG&EBack-upCost ($30,888)/In'

ThermalBavlngs $81,014 /yr

Net EnergySavings 182,018 /in'

AverageSDG&E/FERC Effioienoy 39.18% 42.5% or greater requiredfor cogen gas rate

Doesnot qualifyfor oogengas rate.
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TABLEG.5. EnergyAnalysisfor Scenario5

Reciprocating Engine Data:

Number of Enginel 4 Unltsoperating

GeneratorCapacity 600 kW-each derated

ContractedDemand 2,600 kW@ $0.99 /kW-month (baok-up)

Heat Rate (HHV) 12,011 Btu/kWh

Thermal Recovery 49% (percentof totalenergy)

Operating Schedule: Summer Winter

On.Peak Y Y

Semi.Peak Y Y

Off-Peak N N

AvailableOperating Flours 8,760 h/yr

ScheduledDowntime 260 h/yr

Net Operating Houri 8,500 h/yr

Net Utilizationof Hours 97%

Load UtilizationFactor 100% (averageengine load f_-'torwhen in operation)

PowerhouseLoad 1.25% (percentof load used inpowerhouse)

ElectrioPate Schedule: Houm/Yr Energy (S/kWh) Demand ($/kW)

Summer On.Poak 742 $0.06886 $13.39

Semi-peak 954 $0.04533 $1.24

Off-Peak 0 $0.03369

sub-totai 1,696

Winter On-Peak 447 $0.06171 $2.17

Semi-peak 1,937 $0.03864 $1.24

Off-Poak 0 $0.03186

sub-totai 2,384

Total 4,O8O

NaturalGu Pate Schedulo: Hour$/Yr Enofgy ($/thorm)

Winter Cogen Pate 1,344 $0.30895 0.107 therm/kWh

Non-cogenPate 1,344 $0.36622 1,032 Btu/ouft HHV

928.8 Btu/auft LHV

Summer Cogen I:_te 2,736 $0.30375

Non-cogenPate 2,736 $0.35185

Steam Pate Schedule:

Summer MarginalPate 1,696 $0.222

Winter MarginalPate 2,384 $0.180

4,080
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TABLEG.5. EnergyAnalysisforScenario5 (contd)

Natural Gas Consumed: Energy (therms/yr) Value (S/W)

Winter CogenRate 0 SO

Non-cogenPate 387,958 $142,078

sub-total 387,958 $142,078

Summer Cogen Rate 0 $0

Non-cogenPate 789,771 $277,881

sub-total 789,771 $277,881

Total 1,177,728 $419,959

ElectricityGenerated: Energy (kWh/w) Demand (kW)

Summer On-Peak 1,727,945 2,400

Semi-Peak 2,221,644 2,400

Off-Peak 0

Winter On-Peak 1,040,959 2,400

Semi-Puk 4,510,822 2,400

Off-Puk 0

Net Eie_d(:ttyGenerated: Energy (kWh/w) Demand (kW) Value ($/yr)

Summer On-Peak 1,706,346 2,370 $276,170

Semi-Peak 2,193,873 2,370 $114,142

Off-Peak 0 $0

sub-total 3,900,219 $390,313

Winter On-Peal( 1,027,947 2,370 $99,435

Semi-Peak 4,454,437 2,370 $192,691

Off-Peak 0 $0

sub-total 5,482,384 $292,126

Total 9,382,603 $682/_39

Thermal EnergyReooverable: Summer Winter Total

231,974 therms/yr 326,077 therms/yr 558,05i therms/yr

RequiredThermal Energy: Summer (therm=/yr) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLEG.5. EnergyAnalysisfor Scenario5 (contd)

Thermal Energy Reooverable& Useable:

Energy (therms/yr) Steam (Mlbs/yr) Value ($/yr)

Summer 80,900 9,172 $17,990

Winter 109,232 12,385 $19,709

Total 190,132 2t ,557 $37,699

Summary of CaJoulatlons:

l_tursJ Gas Fuel Cost ($419,959)/yr

ElectricalSavings $682,439 /yr

SDG&EBack-upCost ($3O,888)/yr
Thermal Savings $37,699 /yr

NetEnergy Savings 269,291 /yr

AverageSDG&E/FERC Efficiency 39.18% 42.5% orgreaterrequiredfor cogen gas rate

Doesnot qualifyfor cogengas rate.
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TABLEG.6. EnergyAnalysisfor Scenario6

l:b_procatlng Engine Data:

Number of Engines 4 Unitsoperating

Generator_ 930 kW-elch demted

Contrtoted Demand 2,600 kW @ $0.m /kW-monm (b,,ck.up)

Hut Rm (HHV) 12,011Bt./kWh
TheretoRm_ery 4_, (per¢.mtoftot=energy)

Operating ,_:hedule: Summer Winter

On.Pe_ Y "Y

Seml.Peak N N

Off.Peak N N

AvJl_le OperatingHouri 8,760 h/yr

Sc#mduledDowntime 280 h/yr

Net Operating Hours 8,500 h/yr

Net Utilizationof Houm g7%

Load UtilizationFactor I00_ (averageengine loadfaollorwhen In operltlon)

PowerhouseLoad 125% (pement of loadused in _se)

Be_rk: Rate Schedule: Houm/Yr Energy (S/kWh) Demand ($/kW)

Summer On.Peak 742 $0.06888 $13.39

Semi.Pe_k 0 $0.04533 $1.24

Off-Pe_ 0 $O.O3389

lub-total 742

Winter On-Puk 447 $0.06171 $2.17

Seml-Peak 0 $0.03864 $1.24

Off-Peak o $o.o318a
sub-tot_ 447

i

Total 1,18g

NWm G_ _ Sohedule: Hours/Yr Energy (S/then'n)

Winter Cogen _ 252 SO.30M]6 0.107 therm/kWh

Non.cogenI_te 252 $0.36622 1,032 Btu/¢uft HI-IV

92s.8 stu/c._tu-_v
Summer Cogen Rate g37 $0.30375

Non.cogenRate 937 $0.35185

Stum Pate Schedulo: Houm/Yr Energy ($/therrn)

Summer MarginalRate 742 hnl/_ $0.222 /therm

Winter IVl_rgimdI:_te 447 hm/yr $0.180 /therm

1,18Shrs/yr
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TABLE G.6. Energy Analysis for Scenario 6 (contd)

NaturalG_ Consumed: Energy (therme/yr) Value ($/yr)

Winter Cogen Pate 0 $0

Non.cogen RaW 72,742 $28,640|ll
sub-total 72,742 $26,640

Summer Cogen Pate 0 $0

Non.cogen Pare 270,473 $95,166

sub-totel 270,473 $95,166

Total 343,215 $121,806

BectricityGenerated: Energy (kWh/F) Demand (kW)

Summer On-peU 1,727,945 2,400

S_mi-P_ak 0 0

Off-Peak 0

Winter On-Peak 1,040,959 2,400

Semi-Peak 0 0

Off-Peak 0

NetBeetrtettyGenerated: Energy (kWh/F) Demand (kW) Value ($/yr)

Summer On-Peak 1,706,346 2,370 $276,170

Semi-Peak 0 0 $0

Off-peak 0 $0

sub-total 1,706,346 $276,170

Winter On-Peak 1,027,947 2,370 $99,435

Seml-Fhmk 0 0 $0

Off-Peak 0 $0

sub-total 1,027,947 $,99,435

Total 2,734,293 $275,6O5

Thermal Energy Paeoverable: Summer Winter Total

101,489 therms/yr 61,139 therms/yr 162,628 therms/yr

RequiredThermal Energy: Summer (therms/yr) W1ntar (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

I-k_ting 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLE G.6. Energy Analysis for Scenario 6 (contd)

Thermal EnergyRmxMprable& U_eblo:

Energy (_ermolYr) S_mn (MllNlYr) V-_.o ($/yr)

Summer 35,394 4,013 $7,871

_Mntor 20,481 2,322 $3,695

Total 55,875 8,335 $11,566

Summaryof Cadoulatfons:

NaturelGasFuel Cost ($121,806)/yr

BIK_rlcelSavings $375,605 /yr

SDG&EBa_k-upCoa ($30,eu)/yr

Thermel Slvings $11,566 /yr

NetEnergy Savings 234,478 /yr

AverageSDG&E/FERC Efficiency 39.26% 42.5% orgreaterrequiredfor oogengas rate

Doesnot qualifyfor cx)gengas rate.
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TABLEG.7. EnergyAnalysisfor Scenario7

Reciprocating Engine Data:

Numberof Engines 4 Unitsoperating

GeneratorCapacity 610 kW-e_::ll

ContractedDemand 2,440 kW @ $0.99 /kW-month (back-up)

Hut PaW(HHV) 10,500 Btu/kwh

Thermal Fl_mvery 38% (pementof totalenergy)

Operating Schedule: Summer Wlnter

On.Peak y y

Seml-Pe8 y y

Off-Peak y y

AvailableOperating Hours 8,760 h/yr

SoheduledDowntime 260 h/yr

Net OperatingHours 8,500 h/yr

Net Utiaizationof Hours 97%

LoadUtilizationFactor 100% (averageengine load factorwhenin operation)

PowerhouseLoad 1.25% (percentof load used inpowerhouse)

ElectricRateSchedule: Houm/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peak 742 $0.06886 $13.39

Semi-Peak 954 $0.04533 $I .24

Off-Peak 1,976 $0.03369

sub-total 3,672

Winter On-Pe_ 447 $0.08171 $2.17

Semi-Peak 1,937 $0.03864 $1.24

Off-Peak 2,704 $0.03188
sub-total 5,088

Total 8,760

NaturalGas Pate Schedule: Houm/Yr Energy ($/therm)

Winter Cogen Pate 2,904 $0.30895 0.107 therm/kWh

Non-cogenPate 2,904 $0.36622 1,032 Btu/ouft HI-IV

928.8 Btu/cutt LHV

Summer Cogen Pate 5,856 $0.30375

Non-cogenPate 5,856 $0.35185

Steam PateSchedule: Houm/Yr Energy ($/therm)

Summer MarginalRate 3,672 $0.222

Winter Merglnal Rate 5,088 $0.180

8,760
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TABLEG.7. EnergyAnalysisfor Scenado7 (contd)

Natural Gas Consumed: Energy (therml/yr) Value ($/yr)

Winter Cogen I:tate 745,024 $230,175

Non-cogenPate 0 t4)

sub-total 745,024 $230,175

Summer CogenPate 1,502,362 $456,343

Non-oogenPate 0 SO

sub-total 1,502,362 $456,343
i

Total 2,247,386 $686,518

ElectricityGenerated: Energy (kWh/yr) Demand (kW)

Summer On-Peak 1,756,744 2,440

Semi.Peak 2,258,671 2,440

Off-Peak 4,678,338

Winter On.Peak 1,058,308 2,440

Semi-Peak 4,586,002 2,440

Off-Peak 6,401,936

Net Bectric_ Generated: Energy (kWh/w) Demand (kW) Value ($/yr)

Summer On.Peak 1,734,785 2,410 $280,773

Semi-Peak 2,230,438 2,410 $116,045

Off-Peak 4,619,859 $155,643

sub-total 8,585,082 $552,451

Winter On.Peak 1,045,079 2,410 $101,092

Semi-Peak 4,528,677 2,410 $195,903

Off-Peak 6,321,912 $201,416

sub-toteJ 11,895,668 $498,411

Total 20,480,750 $1,050,872

Thermal EnergyRecoverable: Summer Winter Total

346,881 therms/yr 480,645 therrn|/yr 827,526 therms/yr

RequiredThermal Energy: Summer (therms/_) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLE G.7. Energy Analysis for Scenario 7 (contd)

Thermal EnergyReooverable& Useable:

Energy (tllerme/yr) Stum (Mlbe/yr) Value ($/yr)

Summer 175,156 19,859 $38,951

Winter 233,128 28,431 $42,063
ii1|,111iiii i

Total 408,281 46,290 $81,014

Summaryof C_oulations:

l_tural Gas Fuel Cost ($686,518)/yr

Beotrle4dSavings $1,050,872 /yr

SDG&E Back-upCost ($28,987) lYr

ThermalSavlngs $81,014 /yr

Net Energy Savlngs 416,381 /yr

AverageSDG&E/FERC Effiotency 44.65% 42.5% or greater requiredfor ¢ogen gas rate

Doesqualify for (:ogengas rate.
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TABLEG.8. EnergyAnalysisfor Scenado8

Reciprocating Engine Data:

Number of Engines 4 Unite operating

GeneratorCapsotty 610 kW-eaoh

ContractedDemand 2,440 kW@ $0.90 /kW-month (beck-up)

Hit Pate(HHV) lO,5OOStu/kwh
Thermal l:l_oven/ 38% (percentof totalenergy)

Operating Schedule: Summer Winter

On.Peak Y Y

SCmi-POak Y Y

Off-Peak N N

AvailableOperating Hours 8,760 h/yr

Scheduled Downtime 260 h/yr

Net OperatingHours 8,500 h/yr

Net Utilizationof Hours 97%

LoadUtllizltion Factor 100% (averageengine loadfac=torwhen in operltion)

PowerhouseLoad 1.25% (percentof load usedin powerhouse)

Blcffio Pate Schedule: Hours/Yr Energy (S/kWh) Demand ($/kW)

Summer On.Peak 742 $0.06886 $13.39

Semi-Puk 954 $0.04533 $1.24

Off-Peak o $0.o83_

sub-toUd 1,696

Winter On-Peak 447 $0.06171 $2.17

Semi.Peak 1,937 $0.03864 $1.24

Off-Peak 0 $0.03186ii

sub-total 2,384

Total 4,080

Natural Gas RateSchedule: Hours/Yr Energy ($/therm)

Winter Cogen Pate 1,344 $0.30895 0.107 therm/kWh

Non.cogenRate 1,344 $0.36622 1,032 Btu/ouft HHV

928.8 Btu/cuft LHV

Summer Cogen Pate 2,736 $0.30375

Non.4mgenRate 2,736 $0.35185

SteamPate Schedule: Hours/Yr Energy ($/therm)

Summer Mwginal Pate 1,696 $0.222

Winter Marginal Pate 2,384 $0.180

4,080
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TABLE G.8. Energy Analysis for Scenado 8 (contd)

NaturalGas Consumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Rate 344,804 $106,527

Non-cogen Rate 0 SO

sub-totel 344,804 ....$106,527

Summer Cogen Rate 701,923 $2.13,209

Non-cogen Rate 0 SO

sub-total 701,923 $2.13,209
/

, i i

Total .I,046,728 $319,737

BectrioityGenerated: Energy (kWh/yr) Demand (kW)

Summer On.Peak 1,756,744 2,440

Semi-Peak 2,258,671 2,440

Off-Peak 0

Winter On-Peak 1,058,308 2,440

Semi.Peak 4,586,002 2,440

Off-Peak 0

Net Beetrk_y Generated: Energy (kWh/F) Demand (kW) Value ($/yr)

Summer On.Peak 1,734,785 2,410 $280,773

Semi-Peak 2,230,438 2,410. $116,045

Off-Peak 0 $0

sub-toteJ 3,965,223 $3,96,818

Winter On-Peak 1,045,079 2,410 $101,092

Semi-Peak 4,528,677 2,410 $195,903

Off-Peak 0 SO

sub-total 5,573,757 $296,995

Total 9,538,979 $693,813

Thermal Energy Recoverable: Summer Winter Total

160,215 therme/yr 225,208 therme/yr 385,423 therms/yr

RequiredThermadEnergy: Summer (therme/yr) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Hut 0 0 0

DHW 4,183 5,797 9,980

sulPtotal 180,513 240,257 420,770
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TABLEG.8. EnergyAnalysisfor Scenado8 (contd)

Thermal Energy Recoverable & Uuabio:

Energy (therms/yr) Ste_n (Mlbs/yr) Value ($/yr)

Summer 80,900 9,172 $17,990

Winter 100,232 12,386 $19,700

Total 190,132 21,557 $37,699

Summary of C._doulstlons:

Natural GasFuel Cost ($319,737)/yr

Bectdcal Savings $693,813 /yr

SDG&EBa_-upCo_ (S2s,887)/yr
Thormal Savings $37,699 /yr,n

Net Enorgy Savings 382,788 /yr

AverageSDG&E/FERC Effiolen_-y 44.65% 42.5% orgruter requiredfor cogen 9u rate

Dogequalify for qmgengu rate.
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TABLEG.9. EnergyAnalysisfor Scenado9

Reciprocating Engine Data:

Number of Engines 4 Unitsoperating

GeneratorCapaoity 610 kW-each

ConVaotedDemand 2,440 kW @ $0.99 /kW-month ('Dau=k-up)

Heat Pate (HI-IV) 10,5(X) Btu/kWh

ThermalRecovery 38% (percentof totalenergy)

OperatingSchedule: Summer Winter

On-I_ak Y y

Semi-Peak N N

Off-Puk N N

AvailableCaerating Houm 8,760 h/yr

ScheduledDowntime 260 h/yr

NetOperating Hounl 8,500 h/yr

Net Utilizationof Hour= 97%

LoadUtilizationFaotor 100% (averageengine loadMotorwhen inoperation)

PowerhouaeLolu:l 1.25% (percentof load used in powerhouse)

Elec_doRateSchedule: Houm/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peak 742 $0.06886 $13.39

Semi-Peak 0 $0.04533 $1.24

Off-Peak 0 $0.033_

Rub-total 742

Winter On-Peak 447 $0.06171 $2.17

Seml.Peak 0 $0.03864 $I .24

Off-Puk 0 $0.03186
sub-tot_ 447

Total 1,189

I_tural Gas RateSchedule: Houm/Yr . Energy ($/therm)

Winter CogenRate 252 $0.30895 0.107 therm/kWh

Non-cogenRate 252 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/cuft LHV

Summer Cogen Rate 937 $0.30375

Non-cogenRate 937 $0.35185

Steam Rate Schedule: Hours/Yr Energy (S/them1)

Summer MarginalRate 742 $0.222

Winter MarginalRate 447 $0.180

1,189
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NaturalGu Consumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Rite 64,651 $19,974

Non-cogen Rite 0 $0

sub-torsi 64,651 $19,974

Summer Cogen Rite 2.40,388 $73,018

Non-oogenRim 0 SO

sub-iotal 240,388 $73,018
Total 306,039 $82,gQ2

EleotrioityGenerated: Energy (kWh/yr) Oemnnd (kW)

Summer On-Peak 1,756,744 2,440

Semi.Peak 0 0

Off-Peak 0

Winter On-Peak 1,058,308 2,440

Semi-Peak 0 0

Off-Pe_ 0

Net BectriottyGenerated: Energy (kWh/yr) Demand (kW) Value ($/yr)

Summer On-Peak 1,734,785 2,410 $280,773

Semi-Peak 0 0 $0

Off-Peak 0 $0
sub-total 1,734,785 $280,773

Winter On-(_ak 1,045,079 2,410 $101,092

Seml-Pimk 0 0 $0

Off.Peak 0 $o
sub-toteJ • 1,045,079 $101,092

i,i

Total 2,779,864 $381,865

Thermal EnergyRecoverable: Summer Winter Total

70,094 therml/yr 42,228 therms/yr 112,321 therms/yr

RequiredThermal Energy: Summer (therm$/yr) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Ri-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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Thermal EnergyRecoverable& Useable:

Enemy (t.errn,/yr) Steam (_,/yr) value ($/yr)
Summer 35,394 4,013 $7,871

Winter 20,481 2,322 $3,695

Total 55,875 6,335 $11,566

Summaryof Calculations:

NaturalC-disFuel Colt ($92,992)/yr

Beotdoal Savings $,381,865 /yr

SDG&E Back-upColt ($28,987)/yr

ThermalSavings $1.1,566 /yr
I
i Net EnergySavings 271,453 /yr

AverageSDG&E/FERC Efficiency 44.74% 42.5% or greater requiredfor coQengas rate

Doesqualifyfor ¢ogen gas rate.
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TABLE G. 10. Energy Analysis for Scenado 10

Gas TurbineEngine [him:

Numberof Engines 2 Unitsoperating

GeneratorC_acity 1,540 kW-elmh

ContractedDemand 3,080 kW @ $0.g0 /kW-month (back-up)

Heat Rate (HHV) 14,620 Btu/kWh

Thermal R_xl_ry 45% (peroentof totalenerW)

Operating Schedule: Summer Winter

On-Peek Y y

Semi-Peak Y y

Off-Peek Y y

AvsJkd)leOperating Houm 8,760 h/yr

Scheduled Downtime 260 h/yr

Net Operating Houri 8,500 h/yr

Not Utilizationof Hours 97%

Load UtilizationFactor 100% (averageengine loadflK,-torwhen inoperation)

PowerhouseLoad 1.25% (percentof load used in powerhouse)

Be¢_ltOI:blteSehedule: Hourl/Yr Energy (S/kWh) Demand ($/kW)

Summer On-Peek 742 $0.06886 $13.39

Semi-Peak 954 $0.04533 $1.24

Off-Peak 1,976 $0.0336g
Hi

sub-total 3,672

Winter On-Peek 447 $0.06171 $2.17

Seml-Poak 1,937 $0.03864 $1.24

Off-peak 2,704 $0.03186

sub-total 5,088

Total 8,76O

Nstur_ Gas Pate Sohodulo: Houm/Yr Energy ($/thorm)

Winter CogenRate 2,904 $0.30896 0.107 thorm/kWh

Non-cogenRate 2,904 $0.36622 1,032 Btu/ouft HHV

928.8 Btu/ouft LHV

Summer CogenRate 5,856 $0.30375

Non-coganRate 5,856 $0,35185

Steanl Rate Schedule: Houre/Yr Energy ($/therm)'

Summer MarginalPete :3,672 $0.222

Winter MarginaJRate 5,088 $0.180

8,760
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TABLE G. 10. Energy Analysis for Scenario 10 (contd)

NaturalGas Consumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Pate 0 $0

Non.cogen Pate 1,300,451 $479,547

sub-total 1,300,451 $479,547

Summer Cogen Rate 0 $0

Non-cogenPate 2,640,546 $929,076

sub-total 2,640,546 $929,076

Total 3,949,997 $1,408,623

BectdoityGenerated: Energy (kWh/yr) Demand (kW)

Summer On-Peak 2,217,530 3,080

Semi-Peak 2,851,1I,0 3,080

Off-Peak 5,9O5,443

Winter On-Peak 1,335,897 3,080

Semi-Peak 5,788,888 3,080

Off-Pe_ 8,081,132

Net BeotricityGenerated: Energy (kWh/yr) Demand (kW) Value ($/yr)

Summer On-Peak 2,189,811 3,042 $354,419

Semi-Peak 2,815,471 3,042 $146,483

Off-Poak 5,831,625 $196,467

sub-total 10,836,906 $697,369

Winter On-Peak 1,31g,199 3,042 $127,608

Semi-Peak 5,716,527 3,042 $247,287

Off-Peak 7,980,118 $254,247

sub-toteJ 15,015,844 $629,142
.H ii m

Total 25,852,750 $1,326,510

Thermal EnergyRe(x)verable: Summer Winter Total

721,985 therms/yr 1,000,397 therme/yr 1,722,382 tnerms/yr

RequiredThermal Energy: Summer (therml/yr) Winter (therms/yr) Total (therms/yr)

Cooling 176,330 234,460 410,790

Heating 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-totld 180,513 240,257 420,770
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TABLE G. 10. Energy Analysis for Scenario 10 (contd)

Thermal EnergyR_xl_rable & Usuble:

Er_Oy (therm.lYr) _'m,m (_N/yr) V-,ue ($1yr)

Summer 175,156 19,850 $38,951

Winter 233,156 28,431 $42,063

Total 408,281 46,290 $81,014

Summary of Caloulatlone:

NaturalGas FuelCost ($1,408,623)/yr

Beotdcal Savtnge $1,328,510 /_

SDG&E B_k..up Cost ($36,590)/F

Thermal Savings $81,01_4/yr

Net EnergySavings (37,689)/yr

AverageSDG&E/FERC Effi_ency 30.56% 42.5'J(,orgreater requiredfor cogen gas rate

Doqmnot qualify for cogon gas ram.
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TABLE G.11. Energy Analysis for Scenario 11

GasTurbine Engine Da_:

Number of Engines 2 Unitsoperating

GeneratorCapacity 1,540 kW-each

Contra_tedDemand 3,0e0 kW@ $0.90 /kW-month (blok-up)

I-lelt Rite (HHV) 14,820 Btu_

"rherm¢ _ 45% 0>,m:entoftoUd ._._/)

OperatingSghedure: Summer Winter

On-Peak Y Y

Semi-Peak Y Y

Off-Peak N N

AvaJlM)IoC)pemtlngHouri 8,760 h/yr

ScheduledDowntime 260 h/yri i

Net Operlting Houri 8,500 h/yr

Net Utilizltlonof Houri 97%

LoadUtilizationFlctor 100% (svemgeengine loadfactorwhen inoperation)

PowerhouseLoad 1.25% (percentof load umd in powedloule)

Beetrk=Rite Schedule: Hourl/Yr Energy (S/kWh) Demand (S/kW)

Summer On-Peak 742 $0.06888 $13.39

Semi-Peak 954 $0.04533 $1.24

Off-Peak 0 $0.O33_

sub-total 1,696

Winter On-Peak 447 $0.06171 $2.17

Semi-Peak 1,937 $0.03864 $1.24

Off-Peak 0 $0.O3186

sub-total 2,384

Total 4,080

NaturWGas Rite Schedule: Houm/Yr Energy ($/thorm)

Winter Cogon Rite 1,344 $0.30895 0.107 thorm/kWh

Non-cogenRite 1,344 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/ouft LHV

Summer Cogen Rite 2,736 $0.30375

Non-cogenP_te 2,736 $0.35185

Steam Rite Schedule: Hourl/Yr Energy (s/therm)

Summer IVlarginldRite 1,696 $0.222

Winter Matginsl Rite 2,384 $0.180

4,080

G.31



t

TABLEG.11. EnergyAnalysisfor Scenario11 (contd)

l_tuml G_ Consumed: Energy (therrns/yr) Value ($/yr)

Winter Cogon Rate 0 $0

Non-oogonRmto 606,027 $221,93Q
sub..totad 606,O27 $221,939

Summer Cogen Rim 0 SO

Non-eogoe Rate 1,233,898 1434,076

_b-toUd 1,233,698 $434,076

Total 1,839,724 $858,016

Bectddty Genorated: Energy (kWh/yr) Demand (kW)

Summor On-Peak 2,217,530 3,080

Semi.Peak 2,851,110 3,080

Off.Peak 0

Winter On-Peak 1,335,897 3,080

Semi.P_mk 5,788,888 3,080

Off-Peak 0

Net_ ew_rmd: En.roy (kWhlyr) _ (kW_ V_uo ($1yr)
Summer On.F_mk 2,189,811 3,042 $354,419 /yr

Semi.Peak 2,815,471 3,042 $146,483 /yr

Off-Peak o So /yr
sub-total 5,005,281 $500,901

Winter On-Peak 1,319,199 3,042 $127,608 /yr

Semi.Peak 5,716,527 3,042 $247,287 /yr _"

Off-Peak o So /yr
sub-total 7,035,726 $374,895

Total 12,041,007 $875,796

ThormalEnorgyPacoverad)lo: Summer V_nter Total

333,466 thorme/yr 468,740 therms/yr 802,205 thorms/yr

RequiredThormal Energy: Summer (_orms/yr) VAntmr (thorms/yr) Total (thorms/yr)

Cooling 176,330 234,460 410,790

l-kmtlng 0 0 0

Re-Hut 0 0 .0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLE G.11. Energy Analysis for Scenado 11 (contd)

Thorm_ EnorgyRocovorablo& Usoablo:

Enorgy (thormolyr) Stoam (_bnlyr) Vaduo (S/yr)

Summor 80,900 9,172 $17,990

Winter 109,232 12,385 $19,709
i i i

Total 190,132 21,587 $37,6_

Summary of Calculatlons:

Natural _ FuolCost ($656,016)/yr

Boatload Savings $875,796 /yr

SDG&E B_k-up Cost ($36,590)/yr

ThormadSavings $37,699 /yrill

Net EnorgySavings 220,889 /yr

AveragoSDG&E/FERC Effiotoncy 30.56% 42.5% orgmstor requiredforcogon gas rate

Doesnot qualifyfor ¢ogon gabrsto.
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TABLEG.12. EnergyAnalysisfor Scenario12

Gas TurbineEngine Data:

Numberof Engines 2 Uniteoperating

GeneratorCapacdty 1,540 kW.ea¢_l

ContracrtedDemand 3,080 kW@ $0.90 /kW-month (blink.up)

Heat Rate (HHV) 14,620 Btu/kWh

ThermalFtecovefy 45% (percentof totalenergy)

OperatingSchedule: Summer Winter

On.Peak Y Y

Semi.Peak N N

Off-peak N N

AwdlableOperating Houm 8,760 h/yr

ScheduledDowntime 260 h/yr

Net Operating Houre 8,500 h/yr

Net Utilizationof Hours 97%

Load UtilizationFactor 100% (averageengine load factor when in operation)

PowerhouseLoad 1.25% (percentof load UlNKIin powerhouse)

Bactd¢ Rim Schedule: Houre/Yr Energy (S/kWh) Demand ($/kW)

Summer On-peak 742 $0.06886 $13.39

Semi-Peak 0 $0.04533 $1.24

Off-Peak 0 $0.0336S
sub-total 742

Winter On-Peak 447 $0.06171 $2.17

Semi-Peak 0 $0.03864 $1.24

Off-Peak 0 $0.03186

sub-totaJ 447
,=,,,

Total 1,189

Natural _ Rate Schedule: Hours/Yr Energy ($/therm)

Winter Cogen Pate 252 $0.30896 0.107 therm/kWh

Non-cogen Rate 252 $0.36622 1,032 Btu/cuft HHV

928.8 Btu/cutt LHV

Summer Cogen Rate 937 $0.30375

Non.cogenRate 937 $0.35185

Steam Rate Schedule:

Summer MarginalRate 742 $0.222

Winter MarginalRate 447 $0.180

1,189
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TABLE G. 12. Energy Analysis for Scenario 12 (contd)

NaturalGasConsumed: Energy (therms/yr) Value ($/yr)

Winter Cogen Rate 0 $0

Non-ooganRite 113,630 $41,614

sub-total 113,630 $41,614

Summer Cogen Rite 0

Non.cogenRite 422,505 $148,659

sub-totaJ 422,505 $148,659

ToteJ 536,135 $190,272

ElectricityGenerated: Energy O(Wh/yr) Demand (kW)

Summer On-Peak 2,217,530 3,080

Semi-Peak 0 0

Off.Peak 0

Winter On-peak 1,335,897 3,080

Semi-peak 0 0

Off-peak 0

NetBectrk:_y Generated: Energy .(kWhw) Demand (kW) Value ($/yr)

Summer On-Poak 2,189,811 3,042 $354,419

Semi-peak 0 0 $0

Off-peak 0 $0

sub-total 2,189,811 $354,419

Winter On-peak 1,319,199 3,042 $127,608

Semi-Peak 0 0 $4:)

Off-Peak 0 $0

sub-totel 1,319,199 $127,608

Total 3,50g,00g $482,027

ThermalEnergy Recoverable: Summer Winter Total

145,891 therms/yr 87,889 therms/yr 233,780 therms/yr

RequiredThermal Energy: Summer (therrnl/w) Winter (therme/yr) Total (therms/yr)

Cooling 176,3,30 234,460 410,790

Heatlng 0 0 0

Re-Heat 0 0 0

DHW 4,183 5,797 9,980

sub-total 180,513 240,257 420,770
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TABLE G.12. Energy Analysis for Scenario 12 (contd)

ThermalEnergyRocoverad)lo& Useable:

Energy (thorme/yr) Steam (MlbslYr) Vlluo ($/yr)

Summer 35,394 4,013 $7,871

Winter 20,481 2,322 $3,695

Total 55,875 8,335 $11,566

Summary of CaJoulations:

NaturalGas Fuel Cost ($190,272)/yr

Bectrtca]Savings $482,027 /yr

_DG&E Sack-upCost ($36,590) /yr

ThermaJSavings $11,566 /yr

NetEnergy Savings 266,731 /yr

AverageSDG&E/FERC Efficiency 30.81% 42.5% orgreaterrequiredfor ¢ogen gas rate

Ooel notqualifyfor (x:gengas ram,
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Appendix H

Permit to Operate



• RA E 1 '- •" ""''"° PL- '3MITTO OPE •' , l _ 4 . _ ii ilmltl_

' _ : _J ' '* "" . . Y_ltl pIlIMrr u11447_.klt,m Um_ _l_m[0
• * In_l _ml AIC_YI0 lit TH| VWfI_¢I'..

• TN_ FOLLOWINGIS H|RI_EY GRANT_,DA PERMIt' I'O OIDi_&TE TH| ARTIGI,I, MACMIN[ [OUIPMENI' OR _NI'M|VANCF. D|SCRIBI_O
IIELOW. THI._ PERMIT IS NOT TRINSFiRAiL._ TO A NL=%VGWNF,II_NORI_ IT VALID FORGPF..RATIONQP THE EQUIPMENTAT ANOI"HIIR

,4 I,OC,AI'IQN. F.XC|PT FOR PORTAELi EQUIPMENT.

, 8aO_=7 EQUIPMENT AODRESS
U_N AIR STATION / NG_ZS (=)PUg klR_l .. *
KNV/UTZLZTIEg BR CQD_ 640

,_ P a _ox t lo Nay STA X_: _ NORTHZSL_
¢4N DtE¢,O Ca 9'_t06 _ OIECX3 CA 9:".-US

; I'
i I r

• EQt]IPMENTDESCRIPTION RENEWALFEE $_, 2_4. Do
ONE('_) CATERPILLAR MODEL _ 399 HOT& RICH BURN PISTON ENQINE(915 HP) DRIVING
A 65C.,4_ ELECTRICN- QENERAT_.WITH QNt[(t) _HARDDUAL STAGE CATALYTIC CON-
VERTER _ B-40612, _T.C_NO _,AG_E AZR llLO_R 8IT, EN_ELHiI_D AIR TO FUEL
RATIO C_TRC_L., _ WASTE PLEA, RECOVERY.-ENG. t) I ]iLD_ 1482 RL_i/_b_

BLD_ _14,,_UZ W_0_37
U O:Qf¢,%ll 860537 09011- 04A01 _r_FOt 92g01

¢ONOI_QN$ OR A COII_ MUST IlK I1_0 _N OR _"I"I-IP__ Fll T :1_ ?HI IQUIPMiNT. Oil MAINTJ_INEO R_OIt.y AV&It_UI_ I
aT AI, L T.I_IE I[ ON Tldi OPERATING ffRILkq_W[$.

[ &N_ ANnAlS. ¢ONOI{I(_NS _4t_H N&YI Ill.N A_I_IEO ?_ THIS IOUI_IMKNT 9NAI.I, R_k4&iN IN J_JI.L ll¢_Cl
ANO |Ff|CT UNI.i$1 tXffKl|S_Y MQOIII(O S¥ IVl ._1_ PCt._.uTIG._ G_..MTROI. BSIRIG_.

11._$ AIR IN_t.t.U_|ON CONTROl. OIITRI(_," _|RMI_ 0¢_3 NG_ J_l,_';q[ ."_'S wOlL,_Ell PliOM 08?AIMING _q_RMIT$

_, a . AIRPOLLUTIONCONTROl. O_'=IC-_:

I. ACCESS FACILITIES ANt) UTILITIES FOR SOURCE TESTINO AS REQUIRED 9Y THE ;
AIR POLLUTION CONTROL OFFICE,_ SHALL BE PROVIDED WHEN SUCH TESTING IS ,_
PERFORHED BY THE DISTRICT. "

2. THIS PERMIT, OR COPY THE.=.E-_F, INCLUDINg THE PERMIT CONO.ITIONS_ .¢HALL BE r
ATTACHED TO OR ACCOMPANY THE EQUIPMENT AT ALL TZIIES. L'''" ......

3. OXIDES OF NITROGEN (NOX) E._IISSIONS FROM THE ENGINE SHALL'NOT EXCEED 215
PARTS PER MILLION BY VOLUME (FPMV) MEASURED IN TE FLUE GAS AND CALCULATED
_T THREE (3) PRECENT OXIGEN ON A CRY I_ASIS.

CARBON MONOXIDE EMISSIONS FROM THE ENC,IN= SHALL HOT EX¢EEO 350 PARTS PER
MILLI{:)N (PPMV) HEASURED IN THE FLUE GAS AND CALCULATED AT THREE (_) FERCENT
OXIGEN ON A DRY BASIS.

5. THE ENgELHARD AIR TO FUEL RATIO C_NTROLLER SHALL BE INSPECTED EV£RY 2000
HOURS FOR PROPER OPERATION. TH,,R¢ OXYGEN SENSCRS SI=._LL BE REPLACED AT LEAST
EVERY T_.'O (2) THOUSAND HOURS OF ENGINE OPERATION. RECORDS OF THE
INSPECTION AND SENSOR REPLACEMENT DATES SHALL BE MAINTAINED AND MACE
AVAILASLE TO THE DISTRICT UP_-N REQUEST.

__,. EACH ENGINE I GENERATOR SET SHALL BE OPERATED AT A LOAO RATING CF 600 _N

EXCESS OF ONE HOUR UNLES_ APPROVE- ZN AOVANGE B'I TH= _R rWL_.U _ il _.U_ =r_ "-
DISTRICT.

7. THE BYPASS VALVE ON EACH aLO_ER THAT SUPPLIES ADDITIONAL AIR TO THE
Sr.COND STAGE CATALYTIC CONVERTER_SHALL BE MAINTAINEO IN THE OPEN / CLOSED
P_STION ESTABLISHED FOR THE INITIAL COP_LIANCE TEST. A LOOPINg DEVIC=
SHALL BE AFFIXED TO THE VALVE TO SEAL THE VALVE IN THE APPROPRIATE
POSITION.

B. OPERATION MUST l_E IN COMPLIANCE NITH ALL INFORMATION INCLUDEO
IN APPLICATIONS FOR THIS PERMIT TO OPERATE AS APPROVED BY THE DISTRICT
AND THE PERFORMANCE CONDITIONS LISTEO ABOVE.

Al_?lll lllCill_'. O¢ 1_ilS PtRMII". 1"4t APf_.ICJ_N ,'tMIY PI3'ITION 1_4t M|JLqlNG IOa¢O TO __CH|N 1oOAY_I
..IVII_W ANY ¢ONOITION TNA_' _l_ II|N MO0111IIO ON ACgl. _ ?_ I'WI @|RMIf. IRut.I ,'_ _U_lO RKGUI._TIQN V|

IN aCCOROAN¢I WI?N RUI.| tOE 11415 9|RMIT TO OPIR&Ti O =1a COPY MUST II POITIO ON QR WII_41N ,_J 11[17
Oil '?),11[ /IOt,,/llbM_.NT, ON MAINTAINI0 RIAOII...Y AVAil,,l_t#_| A"i" AI,._,. T|MI_S ON Till OPIR&TINQ PtIIMIIlI,

ANY ANO At.[. CONOl'rloNlWNlCkl IdA,v| lIEN APPf,.II_.O ,'_ _'M*$ {._,jI:MIN? SM&t.t. IIIMAIN IN
FUr.I. FORE| AND |llil|_'T UNt.{_I |XPRE_I.Y _Olllll_O I1 Twl_ All _OLI.U_OPI (:OttT_lOt. OlSTR|_. R.J. Somm_rv;lle
THIS AIR _OL_UTION ¢ONTRO_ OIST#IET PIRMI? 00IS N_', RE_'I_V| "/'HI _O_DIR EROM 0|TAINING
JI.BIUtf.41'/'_"I 4#,_l"_,_OI#2,Af/Ok_l WMI_J_ M&Y I1_ R{OUlll_[O 1 v OT'_ GOVllINMKN?AL A_llkIP.tli Al_i POLLUTION ¢OfaTROI- 0 = ¢'lC_r _1
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•, / • ,. " ....e "1.r,,-",'"<"'_'",_ -" ",-"_- "l:".__ll@_._¢Rl+-'_.'.._":-+ ,',.,'-'_'.""I

¢01',(I'I_OLNO, ' p , •.... , .... .. : \ /.+,=.. , . • ..... ..,¢_...._,+.,.,.,"..:."".:::."::+ l::::l::lPVlIT {
• I,,NIIImlPIMI.rMIIIOt,VAtjI0ijIWII. MI_IIMI W "" '="- . [ _Ir &if ,,Irk,_p'_)'_ .. J

FlU/_¢ alCJOVlW mY 1141 Ili1111c¢. "., _:,. :o.- - -

1_mFOLLOWINOI$ HIREllYORANTEOA+EmmrtTOOP|qAT|'rl.IIAR'TI(;I,'IL_/iC',l'_l_lEo:ll(_Ull_rl' OR¢0NTR'ANCEOlISCRII|O
/, LOC.ItlON,':KXC|Pp|Et'0W"13415PlRMffFORI$NOTpoRTall..ml_laNSJ_IRAII'|EQUIPMENToTOANEWOWNER,NORB ITVAl._FOROPII_ISONOPTill EQUIPMENtATANOTHER
*

t

8aOSOa EQUIPMENTADDRESSus,,,,Az:,, ,,,m=. m,,,.',,u"rz,..:',-=.,,,,co=<,,..o ' .. .+ ,
=m+j¢;o° =ax ,+,CA IJ_136 PWC lb_ DZE__ti N_TH _SL,N_CA 72135

EQUIPMENTDESCRIPTION RENEWALFEE $=,2=4. DO

+_-H AN _C-HARD DAUL A'SET, _ECCND BTAgE BL_ _-T 8T _ CATAL.YI"IC C_Pv_ER'r'_R
= + EN_F-.LHARZ) AU_T%C AIR TO FUEL _RATIO CON-

TROL AND I=I_STE HEAT RECOVERY.--ENd, @ _ APP. 1860538 RL3 6/:3/_BLJ_ 1482

l U 0534_ 8605_ O?OZL 04A01 Cr2FO1 92g01

=_.= _ I f, IgUIl_MliN]r ON M&IN_'AINi[_ RUOILY AVAJI.Al_,| •

ANY AfJOitI; &*t, ¢OttOITIONS WIdlCN N&V_"I_N AIIl_l_} "ro Tidls _OUII_M';;It _;N&L_,R_.IqAININ ItULI, _QR(:K ' t
ANO | +l_'_ fJNt,_3 _.XI)III_$$Lv MQ_|F||O tY ?NI_,I,+1 IIOLLU?+ION CC,NY._,OL_15781_'.

_-. ................ ,-_,,m,=;. • R.J. Sommerville
Him POLLUTION CONTROL OP;:IC_.;';

I. ACCESS FACILITIES AND U.TIL._TIES FOR SOURCE TESTZNO AS REGUIR-"O SY THE
AIR POLLUTION CONTROL _F'FIC_'.RS:--_ALLBE PROVID_¢'O WHEN SUCH 'TESTINg IS r-PERFORMED BY THE DISTRICT. :,

2. THIS PERMIT, OR COPY THEREOF _r_CLUDING THE PERHIT ¢ONO_T%ONS, SHALL BE r
ATTACHED TO OR ACCOMPANY THE EQUIPMENT AT ALL TIMES. ;_

3. OXIDES OF" NITROGEN (NOX) EMISSIONS FROM "':E EN_IN_ ,,_HALLNOT EXCEED 215I t"_ ""

PARTS PER MILLION BY VOLUME (PF'MV) PIEASURED ZN THE FLUE ORS AND CALCULATED_T THRE=_ (3) PRECENT OXIGEH or_ A CRY BASIS.
CARl]ON MONOXIDE EMISSIONS FROM THE ENGINE SHALL NOT EXCEED 359 PARTS PER

MILLION (PPPIV) PIEASUREO I+_ -'iE,r-: FLU_ GAS AND CALCLF.ATED AT THRE_ C3) PERCENTOXIgEN ON A DRY BASIS.

5. THE ENGELHARD AIR TO FU-=L RATIO CONTROLLER SHALL ]_E IHSPECTED EV=.-RY2000
HOURS FOR PROPER OPERATION. T'.-,'EOXYGEN SENSORS SHALL BE REPLACED AT LEASTEVERY TWO (2) THOUSAND HOURS OF ENGINE

DATEsOPERATZOH. RECORDS OF TH_INSPECTION AND SENSOR REPLACEMENT SHALL BE MAINTAINEO APeD MADE. AVAILABLE TO THE DISTRICT UPON REGUES¢.

6. EACH ENGINE / GENERATOR SET SHALL_"_E-OPERATED-RS"--A-_L-13AO-RAT_Pqg_.-_-'_'__._
AND SHALL NOT BE OPERATED _E!_OLJ 5S.0 KW OR ABOV_ 6_0 _L_ FOR ANY PERIOD IN
EXCESS OF ONE HOUR UNLESS APPROVED IN ADVANCE BY TH_-"AIR POLLUTION CONPROLDISTR ICT.

7. THE BYPASS VALVE ON EACH ELOPER THAT sUPPLIES ADDITIONAL AIR TO THE
SECOND STAGE CATALYTIC CONVERTER SHALL BE MAINTAINED IN THE OPEN / CLOSED
POSTION ESTASLISH_D FOR TH_ INITIAL COMPLIANCE TEST. A LOCKING DEVICE
SHALL BE AFFIXED TO THE VALVE TO S_AL THP. VALVE IN THE APPROPRIATEPOSITION,

S. OPERATION MUST BE IN COMPL_ANC- LJITH ALL INFORMATION.INCLUDEO
IN APPLICATIONS FOR THIS P=RM!_ TO OPERATE AS APPROVED B_ THE DISTRICTAND THE PERFORMAr.qcE CONDITIONS LISTE0 ABOVE.

_'HIN 10 0ATS alT|ll RiC|llPr oF THIS PIRMiI", "PHI aaPlPI.I'_."--:+'_MIy PI?II'ION TNI H_ARINQ BOARD TO
,*_qlW ANY ¢¢_NOITION THAT Has I|J_N MO011_I|: 0;11J_G:_ll.OT¢ *_W| PII!IIIdlT. |MUq.iI _| AN:} RIGIJI.AI"ION _1 " t

IN &¢C_R_&NC| WITN RULE 10¢ "PHI= P|I!MIT ,TOCP|;I&T| ¢11 A :_+ P,IUS_ 3| JlO_lTlO 0,,4 OR WI_41N _ _1
OF 1141 |QUIPM_NT. O=1MA:NT&INE_ _|A¢It.Y &VJ_II.+tiL| "-T -_t.L, 71klll_ ON "rHi O#SAATING _NILMISI_S, |rr

AN+ &NO ALL CI_NOI ,'I_NS WHI(:N N&V| lt|N AIoLIEO .",_ .';.I,+ I_,_U,_IM|NI" SmaLL RIMAIN IN

I=UL_ llOlC| &NO |ll=lCT Ufil.IS_ |XPR|$:LY MO:IFJ;0 Sv T_ _t_ PO_.LUTION ¢0NT_OL OlST_ICT, R,J, Sommerviil=
-...._.._.._ .o,, + ...._...,..... .......... ...
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^,¢_SDI,_vIiV _/; ; _-., . • ...

:.-,°°"'--..""°"'='' ;" '...... .TO OPERA'rE" '""" "" " "" " '1.. • , 1,
• • . . " " _I_q_l_V__mI ]

PU:I amlI RRII_'II IT _ DItlICT, • ¢' :: • .

_I'Hl_ FOLLOWING IS NERI_tlY GRAN'lIO'A INIRtldlT +0 OPERATE THf Alrrl_ I_iINI. F.OUiI_IN1' Oil ¢ONTPN&NCl O¢$¢lqlll[D
BELOW. THtS PERMIT IS NOT TRAN$1CtRAILE TO A NfW OWNIIq, NOR B IT VALIO ;OR OIqERATION OF THE iOUIIPM|NT AT aNOTMiq

P LOG,LTION, IXCllrr FOR PORTMII.i IOUIPMENI'.
, . • .: .

B6OSO_ EQUIPMENTADDRESSfJF_N AIR 'STATZ_ / NORX$ (2)PUI IdKS • .
KNV/1JTII.ITZEI BR C001[ b4,0

• " P 0 BOX 113 N_V 6TA Pk¢ __E__I NORTH |IA.AND
'! SAN DZEP_ CA 92136 BAN D_ ¢A 92135

I EQUIPMENT DESCRIPTION .RENEWALFEE s:_,2_4. go
! ONE:(I) CATERPILLAR MODEL ¢37¢P RICH BURN PtS'I'ON ENglI",E DRIVINg A 6_0_W ELEC-

_TR_ZC/__QC=NERATOR WITH AN ENGEL.HARD_DUAL IiTb_E CATALY'T'ZC CI:_VERTLrR SET, SEC-
ON;) STAGE B-OWER SET, _-HARD AUTOMATIC AIR TO FUFJ,. RATIO. CONTROL., AND
klAE1"I[ HEAT RECOVERY.-F.J_. # ;3 -. APP,.II_;IbG_39 RIB bt;ZSIB8

. BLOC 14_2 ..
. 660_"d_

,U 0_343A _60=39 0901L 34.A01 _2F01 9=1001 ....-:..
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Appendix I

Energy Technology Engineering Center Report



Energy Technology Engineering Center
Rocketdyne Division

Rockwell International Corporation
P.O. Box 7930

Canoga Park, California91309

(818) 710-6300

Operator for
U.S. Department of Energy

26 March 1993 In reply refer to 93ETEC-DRF 0536

Mr. Steven A. Parker
Senior Research Engineer
Battelle
Pacific Northwest Laboratories
Battelle Boulevard
P. O. Box 999
Richland, Washington 99352

Subject: Evaluation of MCTS NASNI Cogeneration Plant

Dear Mr. Parker:

The subject evaluation has been completed (enc;osure). The Naval Computer &
Telecommunications Station (NCTS) at Naval Air Station North Island (NASNI),
San Diego, CA was site-visited on 1-2 March 1993. Various persons from the Navy
Public Works Center were interviewed, including the following:

Norman Groth, Cogeneration Department Head
Richard Imel, Foreman
John Thomas, Manager

I also interviewed Robert Winn, P. E. Executive Vice President, Pentech Services,
Inc. All four cogen units in Building 1482 were inspected, the Unscheduled Repair
Log Book, Job Orders, and Engine Maintenance Contract (with Pentech) were re-
viewed. The San Diego Gas & Electric's various rate schedules were also obtained.

Telephone calls were also made and included the following:

1. Woodward Governor Co. 4. Caterpillar, Inc.
Fort Collins, Colorado Peoria, lllinois

2. Gerhardt's Inc. 5. Hawthorne Power Systems
Ventura, California San Diego, California

3. Mechanical Equipment, Inc. 6. Pentech Services, Inc.
Midland, Texas San Diego, California
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Ref: 93ETEC-DRF 0536
26 March 1993
Page 2

The evaluation includes the past year's Unscheduled Repair Log Book and Job Or-
ders information (Table 1). It also includes the various rate schedules of SDG&E
and the persons telephoned with addresses and phone numbers (Table 2).

If you have any questions, or if we can be of further assistance, please call me at
(818) 586-5510.

Sincerely,

ROCKWELL INTERNATIONAL CORPORATION
Rocketdyne Division

Robert K. Hoshide, CEM, C_P
Project Manager, Energy Management
Energy Technology Engineering Center

D030-0038/bs

Enclosures as noted

cc w/o enclosures: R. LeChevalier, DOE, ETEC Site Mgr
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TableI

UNSC_ULED REPAIR LOG
PF_NTECSERVICES, INC.

ii |

10/03/91 2 Brazedwater line on water pump inlet.

10/04/91 4 Synchro Switch (overspeed switch) checkedout & partsordered.

10/08/91 3 Synchro startoverspeed switch installed.

11126/91 2 Replaced La Marche battery charger.

02/21/92 4 Swapped load controller fromUnit No. 2.

02/22/92 3 AFRC would not control flowrat¢ norread propermflivoltsfrom 02 sensor
used No. 2 AFRC. Hard time getting controller as part was discontinued.

03/19/92 4 Helpedcheckoutloadcontroller (2301).

04/01/92 4 Engine would not operamat proper speed. Found short in wiring, governor
, O.K.KatoGenerator:smoke& comin_apartintemaUy.

04/10/92 3 Engine would not start, used No. 4 batteries then replaced No. 4 batteries.

05/20/92 1 Broken exhaust valve in No. 14 cylinder. Rebuilt engine.

06/23/92 2 Water pump leaking.

08/20/92 3 Power supplyin AFRC burned-up. Used No. 4 & repairedcontrol board&
instal.ledinNo.4.

i i , i

08/20/92 2 Blownbattery,usedNo.4 battery. • •

08/21/92 3 .Low oil pressure, switch & magnetic pickup not working. Both replaced.

09/08/92 1 Load controller (2301) burned-up. ,....

09/09/92 1 Replaced load controller with 2301A.

09/11/92 1 Engine would not run. Broken magento drive.

09/22/92 4 Afterrebuildingleftcarburetorengineshutdownduringtesting.The
Murphyvibrationswitchburned.

09/25/92 4 Safety switch instaUed.

09/29/92 2 Can't control engine speed & could not load. Found short in wiring from
magnetic pickup. Replaced wiring.

10/22/92 4 AFRC circuit board pulled from No. 3. Board repaired & installe,_iin No.
3.

t

11/04/92 4 Magneto, engine running erratically. Pull_i No. 3 magento, installed
, factory rebuilt magneto on No. 3.

02/11/92 3 Engine running erratically, switched No. 2 load controller & replaced O_
sensor.

12/15/92 2 Replacedwaterline& sealstoaftercooler.
l ,ll i i ,
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Table 1 (Continued)

JOB ORDERS
PENTEC SERVICES, INC.

!
ii ii i

Date ] Unit No. Description
II ]

10/23/91 3 & 4 Repair / Replace speed switches.
,ml,i

10/24/91 2 Repair / Replace batterycharger.

02/24/92 3 Generatortrip on reserve power & engine speed varying too muchto
load.

04/02/92 4 Throttle control, no electrical controlof engine speed from
switchboard.

04102/92 4 Repairedthrottle control valve.
i i

04/15/92 3 Troubleshoot, engine will not crank enough to start.
i i

06/24/92 2 Fix leaking water jacket pump.
ii i

11/09/92 4 AFRC is erratic in operation.
ii i

12/10/92 2 Repair/ Adjust cooling water ling.
ii

12/16/92 3 Repair / Adjustengine without overexhausting & tripping off-line.
I

08dg114._1
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TABLE2. CONTACTSFOR TECHNICALINFORMATION

I. Navy Public Works Center
P .O. Box 368113
2730 McKean St., Ste 1
San Diego, CA 92136-5294

Richard Imel (619) 545-8615
Norman Groth (619) 556-7988
John Thomas (619) 556-7989

2. Woodward Governor Co.
P. O. Box 1519
Fort Collins, CO 80522

Wade Edgar (303) 482-5811

3. Gerhardt's, Inc.
2001 Palma Drive
Ventura, CA 93003

James Wimp (805) 658-2877

4. Mechanical Equipment, Inc.
P. O. Box 1800
Midland, TX 79702

Thomas Smith (915) 687-0601

5. Caterpillar, Inc.
100 N.E. Adams
Peoria, IL 61629

Ken Smith (309) 578-8117

6. Hawthorne Power System_
8050 Othello Avenue
San Diego, CA 92111

Donald Lind (619) 974-6885

7. Pentech Services, Inc.
9740 Scranton Road, Suite 150
San Diego, CA 92121

Robert M. Winn (619) 457-2911
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Enclosure

EVALUATION OF COGENERATION PLANT
Naval Computer & Telecommunication Center (NCTS)

Naval Air Station North Island (NASNI)
San Diego, California

Work Scope

Task A Identification of Reuair/ReDiacement Reauirements of Existin2 System.....

Identify repair and replacement requirements necessary, with associated costs, to
bring the existing cogeneration plant, engines and controls, up to an acceptable
level of reliability, as intended in the original plant's design, such that up to all 4
engines can be maintained on-line for scenarios:

4. continuous operation

5. operate on-peak and semi-peak; back-up status off-peak

6. operate on-peak, back-up status off-peak and semi-peak

Task B Identificotion of Modification Requiremenl_ to Convert the
Cogeneration Plant to Emergency Generator Status

Identify repair, replacement, and modification requirements necessary, with asso-
ciated costs to convert the existing cogeneration plant, engine and controls, to a
reliable emergency generator system for scenarios;

13. back-up generator status, providing both electrical and thermal back-up

14. back-up generator status, install boiler for thermal back-up

Task A Eneineerine Estimatesw w

Repair/Replacement requirements for the existing system include the following
components:

1. Replace the 2301 Load Sharing & Speed Control, P/N 8271-706E-E with
2301A, P/N 9905020

Estimated Cost:

•Material: $1,200/unit X 4 = $4,800
Labor: 40 hr total @ $75/hr = 3,000
Travel & subsistence: $125/day X 5 days = 625

$8,425
1.6



Enclosure

2. Replace Engelhard Air Fuel Ratio Controller (AFRC), Series 2SG

Estimated Co_t:

Material: $6,575/unit X 4 = $26,300
Labor: 64 hr total @ $75/hr = 4.800

(includes commissioning of first unit) $31,100

3. Service and Tune-Up Woodward Governor Actuator, Model No. EG-3P,
P/N E8250-553, Caterpillar Engine, Switch Gear & Rewire Electrical
and Instrumentation

Estimated Cost:

Wiring & misc. materials: $1,500/unit X 4 = $6,000
Labor: 10 hr total at $75/hr =

Total = $15,000

Total Cost = $8,425 + $31,100 + $15,000 = $54,525

In order to determine operation and maintenance requirements of the cogen units,
the following information is supplied:

Caterpillar Engine, Natural Gas Fueled. Model G399TA, Rich Burn
Rated at 650 kW

Output: 600 kW

Total Run Time, hr
Engine No. Serial No. (Through Mid-March, 1993)

1 49C01426 21,025
2 49C01428 23,724
3 49C01429 21,985
4 49C01427 21,564

Scenario No. 4. Continuous

24 hr/day X 365 days/yr = 8.76Q hr/yr

Scenario No. 5. On- & Semi-Peak
Summer & winter hours: 6 a.m. to 10 p.m. = 16 hr

plus 1/2 hr lead & 1/4 hr lag
= 16.75 hr/day

Summer & winter days = 110- 3 + 150- 5 = 252
Total = 252 X 16.75 = 4.221 hr/yr
% of year = (4221/8760) 100 = 48.2%
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Enclosure

Scenario No. 6. On-Peak
Summer hours: 11 a.m. to 6 p.m. = 7 + .75 = 7.75 hr/day

Hours/year = 107 X 7.75 = 829
Winter hours: 5 p.m. to 8 p.m. = 3 . .75 = 3.75 hr/day

Hours/year = 145 x3.75 - 544
Total = _ hr/yr
% of year = (1373/8760) 100 -- 15.7%

The present maintenance contract (N68711-90-D-8335) with Pentech Services, Inc. is sum-
marized below (Table 3).

Code _ Cost

0005 Preventive Maint. (P.M.) cost/mo $7,683

0006 Unscheduled maint. & service 9,600
calls, cost/yr

0007 Major scheduled overhaul 30,376
(every 30,000 hr)

0008 Materials, cost/yr 50,000

Added Top-end overhaul (every 10,000 hr) 10,000

Costs for Codes 0005, 0006, and 0007 escalate as follows:

Code 2nd year 3rd year

0005 4.75% 4.83%
0006 3.75% 4.22%
0007 3.75% 3.78%

The estimated maintenance costs are as follows:

Scenario Maintenance Cost

4 Same as present cost
5 48.2% + 20% = 68.2% of present cost
6 15.7% + 30% = 45.7% of present cost
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Enclosure

The Navy Public Works Centers (NPWC) Operation and Maintenance staff can also be re-
duced for Scenarios 5 and 6. This estimate is as follows:

Scenario NPWC Staff Reduction

4 No change
5 30% reduction
6 50% reduction

Task B

The estimated cost to convert the existing cogen plant is as follows:

1. Cost of Task A = $54,525

2. Conversion of controls to backup (emergency) generator system and
servicing/checkout of existing switchgear and breakers is approximately
$10,000.

Scenarios 13 and 14 Back-up Gene. ator Status

1. Operational Check With Load:

Once a month for 2 hr

2 hr/mon X 12 mon/yr = 24 hr/yr

2. Operational Check Without Load:

Once a week for 1 hr, less 1 week per month (with load check).
1 hr/week X 40 wk/yr = 40 hr/yr

3. Estimated Run Time per Year = 100 hr/yr

Total = 24 + 40 + 100 = 162 hr/yr
% ofyear = (162/8760) 100 = 2%

General Notes:

1. The estimated total useful life for each unit is 120,000 hr. The remaining
useful life (with proper operation and maintenance) would still be al-
most 100,000 hr for all 4 units.

2. Their salvage value is presently estimated at $50,000 each.

3. Building 1482, NCTS presently uses the thermal energyfrom only cogen
2 units for their absorption units. Any additional heat would have to be
disposed using their cooling towers.
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