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SUMMARY

This report presents the results of a preliminary technical and economic
feasibility study of converting vehicles to alternative fuels at the Goldstone
Deep Space Communications Complex (GDSCC). This study was motivated by the
continued price rises of gasoline and its potential unavailability. The
vehicles are used for commuting between Barstow, California and GDSCC, a round
trip of about 140 km (90 miles). This fleet consists of 70 vehicles. The
alternative fuels considered are compressed natural gas (CNG), liquefied
natural gas (LNG), liquid petroleum gas (LPG), and methanol; vehicles were

required to operate in a hybrid or dual-fuel gasoline/alternative fuel mode.

Economic feasibility was determined by comparing the costs of continued
use of gasoline fuel with the use of alternative fuel and retrofitted equip-
ment. Differences in the amounts of future expenditures are adjusted by means
of a total life-cycle costing. This methodology was based on NBS Handbook 135.1

We found that all fuels studied are technically feasible to allow a
retrofit conversion to hybrid gasoline/alternative fuel operation except for
methanol. Conversion to LPG is not recommended for vehicles with more than
100,000 km (60,000 miles) of prior use. Methanol conversion is not recom
mended for vehicles with more than 50,000 km (30,000 miles).

The alternative fuel station may best be located in Barstow because of
the existing fuels supply infrastrucure there and a small construction cost

Penalty for locating the facility at Goldstone.

The total life-cycle cost (TLCC) without retrofit conversion is
$2.2 million. TLCC for liquid petroleum gas (LPG) is $1.7 million, for comr
pressed natural gas (CNG) it is $1.8 million, for liquefied natural gas (LNG)
it is $1.7 million, and for methanol it is $2.6 million.

The fuel with the highest savings-to—investment ratio (SIR) is liquid
petroleum gas (LPG), with a SIR of 5.55. Following LPG were compressed
natural gas (CNG), SIR of 3.33, liquefied natural gas (LNG), SIR of 2.44, and

methanol, SIR of minus 2.28. The SIR is based on current fuel prices includ-
ing applicable taxes, and a 15-year lifetime for the retrofit equipment.

1 References are cited on page 18.
iii
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We recommend that JPL pursue the following items:

® Development of a special natural gas tariff for CNG vehicle customers by
the utility supplying Barstow, Southwest Gas Corp.

® Projected natural gas price of the proposed pipeline to Fort Irwin,
California, which 1s ad jacent to GDSCC. . :

® Waiver of California motor fuel tax for cleanburning alternative fuels.
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I. INTRODUCTION

The Goldstone Deep Space Communications Complex (GDSCC) consists of sev
eral satellite tracking stations managed by the Jet Propulsion laboratory
(JPL) for the National Aeronautics and Space Administration (NASA). The
Goldstone complex is located in the Mojave Desert, approximately 70 km
(45 miles) north of Barstow, CA. Since the complex is in a relatively iso-
lated area, the work force mst be transported each work shift for the
90 miles roundtrip from Barstow to Goldstone and back. This is accomplished
by a fleet of vans and sedans which also serve as inter-site transportation as
the need arises. Originally, about 100 vehicles were used for the transporta-
tion but the current number is about 70 due to the relocation of some per-
sonnel to a new facility at Barstow. The vehicles are powered by unleaded
gasoline, which is trucked to Goldstone and distributed from a single storage
tank via two gasoline pumps. Each vehicle is refueled as needed through the

day and night by the driver.

This report presents the results of a preliminary technical and economic
feasibility study of converting vehicles to alternative fuels at the Goldstone
Deep Space Communications Complex (GDSCC) of the Jet Propulsion Laboratory,
Pasadena, California. This study was motivated by the continued price
increases of gasoline and its potential unavailability. The fleet consists of
47 vans, 22 sedans, and 1 pickup truck. The alternative fuels we considered
were compressed natural gas (CNG), liquefied natural gas (LNG), liquid petro-
leum gas (LPG), and methanol; vehicles were required to operate in a hybrid or

dual-fuel gasoline/alternative fuel mode.
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II. OBJECTIVES

Because of the sizeable gasoline consumption each month by the transpor-
tation vans along with the rising fuel prices and uncertainty in supplies, JPL
is considering the possibiiity 6f alternative fuel supplies to power thege
vehicles. The purpose of this study was to determine both the economic and
practical feasibility of converting these vehicles to run on an alternative .

fuel as well as gasoline and the associated logistics of fueling said
vehicles. _ St S DU

The objective of determining economic feasibility was met by calculating
the total life-cycle cost and savings-to-investment ratios, based on NBS
Handbook 135 and vendor-supplied data. Technical feasibility was determined
by the availability of commercial conversion kits and refueling stations for

- h.ls
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alternative vehicles.
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III. TECHNICAL FEASIBILITY

Fuels Characterization

Pertinent characteristics of the selected fuels are shown in Table 1.
Parameters compared affect‘storage requirements (density, heating value),
engine operations (stoichiometric air for combustion, flammability limits,
flash point, octane rating) and safety (flammability limits, flash point,

autoignition temperature).

Fuel Efficiency

A. Theoretical Considerations

The higher octane number of all the alternative fuels can be used to
increase engine efficiency. By internal engine modifications compression
ratios can be raised to affect this increase. In the case of CNG and LNG
(methane) about a 10% increase in efficiency is possible.2 Ignition timing

changes can also be used to increase energy efficiency.

Opposing the possible gains for the gaseous fuels of methane and LPG
(propane) is the displacement of the combustion air by fuel gas; this causes
engine breathing difficulties and reduces the specific power (power per unit

fuel rate) available from a gaseous-fueled engine.

Efficiency can also be raised relative to a gasoline engine by operating
at a low equivalence ratio, or lean fuel mixture. Methanol-fueled engines can
operate on leaner fuel mixtures than gasoline engines; efficiencies can be
raised up to 20% and nitogen oxides emissions reduced.2 Leaning the engine

reduces power, however,

B. Practical Considerations

Methane vehicles have been observed to consume between 0.7 and 0.9 NmS to
travel the same distance as with one liter of gasoline. (100 SCF to 120 SCF
per gallon). On an energy equivalent basis this is reduction in energy use of
5% to 20% or an increase in efficiency of about 5% to 20%. There have been
reports of less power with methane-fueled vehicles, such as when climbing long
hills.3 When operating in dual-fuel modes, gasoline fuel economy may suffer
because the engine must still partly remain “tuned” for CNG or LNG. Methane
vehicles are particularly efficient in stop and go driving, relative to gaso—

line vehicles; their efficiency advantage decreases in highway driving.
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When operating on LPG, dual-fueled vehicles can show anienergy efficiency
gain of 62 to 23X; however, when running on gasoline energy efficiency can
decrease 5% to 15%. %»3 o

Table 1. GASOLINE AND ALTERNATIVE FUELS CHARACTERISTICS2

Compressed Liquefied Liquid
Natural Gas Natural Gas Petroleum Gas
Characteristic Gasoline (CNG) (LNG) (LPG) Methanol
Density, kg/% 0.73 0.14* 0.42 0.52 0.79
Higher, or Gross )
Heating Value, _ o .
kcal/kg 11,500 13,300 13,300 12,100 5,700
Stoichiometric Air
for Combustion, '
‘ratio ’ 14,9 17.3 17.3 15.7 6.48
Flammability Limits,
i 4 1.4-7.6 5.0-15.0 5.0-15.0 2.1-10.1 6.7-36.5
Flashpoint, °C .. -37 <-106 <-106 -104 11
Autoignition ' ‘ . '
Temperature, °C . 258 T 634 634 - 431 470
Octane Rating** 87 " 130 130 © 104 99

CNG at 16,500 kPa (2400 psi).

*A Research octane number plus motor octane number divided by two.

Methanol-fueled vehicles are expected to have efficiency gains of 10X to
202 over gasoline.6 Additionally, engine power should increase 15% to 20%./

Fuel Availability

Natural gas (methane) for CNG is supplied to Barstow, California by
Southwest Gas Corp., Las Vegas, Nevada. A commercial accouot can be opened
there. Southwest Gas hopes to have a more‘economical rate available for CNG
customers.8 . ' '

" A new LNG p}ant has been opened near Carson City, Nevada.!! This loca—
tion 1s-considerably distant from Barstow.
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LPG is available in Barstow from Petrolane, Inc. of Long Beach,
California. They currently are supplying LPG for a vehicle fleet in Barstow.

Methanol should be available from a number of suppliers in the Los

Angeles area. For example, Air Products and Chemicals sells bulk methanol.

‘Hybrid-Fuel Vehicle Technology

A. Compressed Natural Gas (CNG)

Several organizations will handle complete conversion of vehicles to
dual-fuel gasoline and CNG. Principal components of the converted system are
pressure cylinders (2 to 3, depending on fuel storage requirement and avail-
ability of storage space), high-pressure gas lines, high and low pressure
regulators, gas/air mixer, dual spark-advance ignition, fuel gage, and fuel
selector. Compressed natural gas at 16,500 kPa (2400 psi) is let down in
2 stages; first to 410 kPa (60 psi) and then to 7 kPa (1 psi) in the gas/air
mixer. Fuel metering for proper engine operation is controlled by the mixer.

The system can be quickly installed by the vendor or owner mechanics.

The converted vehicles require no special start-up procedures. Starting
can be achieved on either fuel. Because of methane's extremely low flash

point, cold weather starting is much improved relative to gasoline.

Switching between fuels while operating is accomplished by a dashboard

switch that activates appropriate solenoid valves.

Refueling is done by connecting the refueling probe to the fill connec-
tion under the hood and turning on the gas supply. Gas flow will stop when
the tank reaches maximum pressure. The gas supply is then shut-off, which
automatically bleeds the remaining gas in the line, and the hose is discon-
nected from the vehicle. An interlock prevents engine starting while

refueling.

Operator training requirements are minimal; drivers can refuel their own
vehicles after receiving instructions. Mechanics and installers typically
receive two weeks of training at the vendor's home office. Training costs are

often included with the conversion cost.

Conversion to vehicles for CNG fuel began in a limited scale in 1970 in
the United States. Therefore long-term reliability is still an unknown.

Components are mechanically relatively simple and should last at least

I'NS T I T UTE O F G A S TECHNOLOGY
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15 years.9 Considerable margins of:safety are built into components (for . .
example, pressure cylinders are tested to a pressure of 82,700 kPa

(12,000 psi), a factor of 5 larger than normal maximum pressure). An American
Gas Association report states that no deaths and only 1 injury has been asso-
ciated with the fuel systems of CNG vehlcles in over 280 million kilometers
(175 mi11ion miles).l13 1If a tank should be breached, methane is lighter than
air (much lighter than gasoline vapors) and would tend to rise and dissipate,
thereby lessening the hazard.

. B. Liquefied Natural Gas (LNG).

'LNG systems consist of a cryogenic tank, integral heater, vapor or 1liquid
lines, pressure regulator, gas/air mixer, fuel gage and fuel selector switch.
Components are similar to those in CNG systems, except storage 1s by a double-

walled cryogenic tank, which weighs less than a comparable pressure cylinder.

This system is not difficult to install.

If starting on LNG, the 1liquid must be first vaporized by the integral
heater. Good cold-start capability has been demonstrated.

During refueling vapor is vented from the tank air space as it is gener-
ated. Trained operators are not required for refueling.ll Typical tank pres-
sures are 34 kPa to 410 kPa (5 psi to 60 psi); a l4—day standby condition
without venting has been reported.12

Experience with LNG vehicles is very limited, although LNG is commonly
imported and used extensively for peak-shaving purposes in the gas industry.
Because the cryogenic tank is not designed to withstand high pressures, it
could be susceptible to rupture during a collision. A vacuum leak in the .
double—wall tank is also possible, which would greatly 1nhib1t storage capa-
city. '

c. Liquid Petroleum Gas (LPG)

LPG is mainly propane. Vehicle conversion consists of the addition of

2 or 3 pressure tanks, liquid fuel 1ines, a pressure regulator/evaporator, gas

nixer, fuel gage and fuel selector switch. Pressure in the tank, about

690 kPa (about 100 psi) moves the liquid to the engine compartment, without '

the use of a pump, where 1t is vaporized by engine coolant. It is preferable
to convert vehicles with engine mileage of less than 100 »000 km (60,000 miles)
because older engines may not withstand the increased power. - ;
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Cold starts on LPG may require an auxiliary heater, depending on the
ambient temperature. If the engine has been operting on gasoline, warmed

coolant can be used to vaporize the LPG for starting.

Fuel alternating while under way is accomplished by dash-mounted switches

that control solenoid valves in the engine compartment.

Refueling is done by connecting a hose from the central LPG tank to the
vehicle tank and allowing the liquid to be pumped in. Refueling is accom-
plished in about 5 minutes.13 No special skills are required for fueling the
vehicles., The tanks cannot be completely filled with liquid, or thermal
expansion may cause dangerous internal pressures (complete filling is limited

by a pressure regulator).

Propane is heavier than air and would tend to settle near the ground,
prolonging the hazard of an accidental spill. 1In sedan~type vehicles, where
the tanks are located in the trunk, the passenger compartment must be sealed-
off as a safety precaution.14 LPG tanks are not built to withstand the high
pressures of CNG, thus their puncture resistance is probably intermediate

between CNG pressure cylinders and conventional gasoline tanks.
D. Methanol

Conversion kits for methanol fuel are available but not for dual-fuel
operation. California is the only state where methanol conversions are legal.
The conversion consists of modification to the gasoline tank and carburetor,
stainless steel or nylon fuel lines, and an intake manifold heater or propane-
injection cold start system. Vehicles with less than 50,000 km (30,000 miles)
are preferable for conversion because the increased power from methanol may

damage older engines.7

Below about 10°C (50°F) methanol has a cold starting problem unless
additives such as isopentane are present in the fuel. Alternatively, the

intake manifold is heated or propane injected prior to starting the engine.

Because vehicles converted to methanol cannot be operated on dual-fuels,

switching of fuels while underway is not possible.

Refueling procedures are very similar to refueling with gasoline.

I'NSTITUTE O F G A S TECHNOLOGYY
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Because the: methanol vehicle 48 similar to a gasoline-powered one, no
special operator training is required. Maintenance requirements and proce~
dures will be different, requiring some training of mechanics.

Al

The ma jor automotive manufacturers have experience with alcohol fuels
through the Brazilian ethanol program. A major difference between these fuels
and gasoline is the different solvent properties. Many gaskets and seals are
not compatible with methanol. Clogs and leaks in fhe methanol fuel systems
have been reported, especially for_convetsions. Methanol flames aré nearly
colorlesé and would increase the hazard from a fire. Methanol vapor 1is

regarded as more toxic than gasoline.lo

E. Conversion Vendor Summary

Names and locations of some vendors of alternative fuel conversion

systems are shown in Table 2.

Refueling Station Technology

A. Compressed Natural Gas (CNG)

Natural gas is compressed from the distribution lines, typically at

100 kPa (15 psi) to pressures of 25,000 kPa (3600 psi) for storage. Either a
;1me-f111 or quick-fill sequence is available for refueling. With a time £111
the compressors fill the vehicle“storage tanks directly in ; period of about
16 hours. With a'quick £111 the compressors have previously charged a bank,
or cascade, of cylinders in the station. Vehicles are filled by withdrawal
from the cylinders, first the low-pressure section, then the mediumpressure
section, and then the high-pressure for final top—off. Refilling takes 3 to
5 minutes. Switching between sections of the cascade is automatic. Methanol

-

is often injected to lessen hydrate formation.

. xp.
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Table 2. SUPPLIERS OF ALTERNATIVE FUEL AUTOMOTIVE CONVERSION SYSTEMS

Vendor Fuel Location
Advanced Fuel Systems, Inc. CNG Wichita, Kansas
Beech Aircraft Corp. LNG Boulder, Colorado
Dual Fuel Systems, Inc. CNG Culver City, California
Essex»Cryogenics of Missouri, Inc. LNG St. Louis, Missouri
Future Fuels of America, Inc. Methanol Sacramento, California
Gas Service Energy Corp. CNG Kansas City, Missouri
Methanol Performance World, Inc. Methanol Sacramento, California
Petrolane, Inc. LPG Long Beach, California
The Propane Shop, Inc. LPG Romulus, Michigan

3

A time-fill station would require 3 compressors rated at 0.67 Nm~ per
minute each (25 SCF per minute). Each vehicle would require a time-fill hose
assembly (70 total). A quick-fill station would require 3 compressors of the
same rating and 9 storage cascades and hose assemblies with a storage capacity
of 2100 Nm3 (80,0000 SCF).9 A diagram of a combined time-full, quick-fill

refueling station is shown in Figure 1.

Refueling operations would probably be more complex for JPL because
compressors would require maintenance and some operating labor. We feel the

increased complexity would be minor.

Currently the CNG fueling station must be sited at Barstow because
natural gas is unavailable at Goldstone. If natural gas becomes available at
nearby Fort Irwin (estimated to be not sooner than 5 years), a quick-fill
station could be constructed at GDSCC (a time-fill station could not refill
commuter vehicles adequately). A quick-fill station would be approximately
50% more expensive. Additionally, a construction labor premium of roughly 10%
to 20% above the station cost would be required at Goldstone. Conceivably,

natural gas from the Fort Irwin line could be less expensive than at Barstow.

INSTITUTE O F G A S TECHNOLUOGY
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B. Liquefied Natural Gas (LNG)

Natural gas could be liquefied omsite (Barstow) but considerable expense
and complexity would result. Volume of LNG use may be insufficient for a
cost-effective plant. It would be preferable to purchase LNG from peak-
shaving facility. ’ ' ‘

LNG is stored in a cryogenic tank at a temperature of ~161°C (-259°F).
Two 42 ,0002 (11,000 gallon) tanks would be required.15 Double-walled hoses
are used to refill the vehicles; drivers should be able to refuel vehicles

themselves.11

The LNG refilling statioe could be located in Barstow or Goldstone.

Again, a labor premium must be paid for construction at Goldstone.

C. Liquid Petroleum Gas (LPG)

LPG is typically stored at a pressure of 690 kPa (100 psi) in cylindrical
pressure vessels called "bullets” or "blimps”. They are painted a reflective
silver to minimize heat gain and corresponding pressure increase. Liquid is
drawn off the bottom or pumped to the vehicles for refueling. For the JPL
fleet a tank of 76,0008 (20,000 gallons) would be typical.

Refueling complexity would only slightly increase in that fuel deliveries
in addition to gasoline would have to be scheduled.

The LPG filling station could be located in either Barstow or Goldstone.
LPG has been used at Goldstone for heeting and cooking; some “"extra” storage
capacity probably'currently exists at Barstow for this fuel because the
cafeteria has recently been closed. The LPG station would cost more at
Goldstone because of the higher effective labor cost.

D. Methanol

of eli‘;he alternative‘fuel stetione, a methanol refueling station would
most resemble a gasoline station. About a 150 OOOL (40,000 gallon) tank would
be required. Fuel :ls punped through hoses and nozzles into the vehicles.

Complexity of refueling operations is increased by deliveries of methanol
in addition to gasoline. '

The methanol station could be located in Barstow or Goldstone. Again, a
construction labor premium would be paid in Goldstone, ‘

I N € T ¢t T I T B " = ~ a o - o o~ ss ae = 4 = -
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IV. ECONOMIC FEASIBILITY - T T T e
Cost Data ‘

A. CNG Systems

Vendor estiﬁ#téﬁ were obtained from Gas Service Energy Corp. and Dual
Fuel Systems, Inc.169 The conversion estimate for 70 vehicles by Gas Service
was $81,700; Dual Fuel's estimate was $83,400. The fueling station was esti-
mated by Gas Service at $110,000 (combination time-and quick-f111); Dual
Fuel's estimate was $93,700 (time-fill only). We assumed the refueling sta-
tion was located in Barstow éo that a construction labor premium would not be
required. The estimated actual investment cost for this retrofit is the aver-
age of the vendor estimates, or $184,400,

Natural gas price estimates were obtained from Southwest Gas Corp., which
supplies the Barstow area.8 Current commercial rates are $0.70 per therm
($7.00 per million Btu).

Use of CNG should reduce vehicle maintenance costs (less frequent oil and
spark plug changes). Additional maintenance would be required for the gas
compressoré. For our analysis we assumed no increase or decrease in maintem.

ance costs, which probably is conservative.

B. LNG Systems

Estimates for conversion of the fleet to LNG were obtained from Beech
Aircraft Corp. and Essex Cryogenics of Missouri.lls13 Beech estimated the
conversion of 70 vehicles to cost $151,800; Essex estimates $165,500 for the
vehicles. Beech estimates the fueling station would cost $250,000; Essex
estimates about $270,000. The estimated actual investment cost for the LNG
conversion is the average of the vendor estimates, or $411,800,

We estimate the price of liquefied natural gas from a peak-shaving fac-
i1lity in California to have a delivered cost of about $6.00 per million Btu.

We assume no change inioverall maintenance costs for purposes of the

life-cycle cost analysis.

C. LPG Systems . . . . . . e e
Estimates for LPG conversions were supplied by Pefrolane, Inc. and the
Propane.Shop.s’lb Petrolane estimates 70 vehicle conversions to cost $70,000;

| | 12
INSTITYUTE:Y " "0F .68 A°e T E A MM ALY A AV

-~



PRSP

[P,

—

65906

the Propane Shop estimates a cost of $81,000. A 20,000 gallon tank and

refilling equipment would cost about $35,000. The estimated actual investment
cost for LPG is the average of the vendors estimates, or $110,500,

LPG is available in Barstow from Petrolane, which currently is supplying
an LPG fleet there. Estimated price for bulk sales is $0.75 per gallon or
about $8.00 per million Btu.

Again, we assume no increase or decrease in maintenance costs, which is

probably conservative.

D. Methanol Systems

Only one vendor could supply cost estimates for fleet conversion to
methanol. Future Fuels of America projects a 70-vehicle conversion to cost
$76,300. We estimate a 40,000 gallon methanol storage tank and hoses to cost
about $45,000. Thus the estimated actual investment cost for methanol is
$121,300.

Methanol fuel sells for $0.99 per gallon, or $14.50 per million Btu
(including taxes). The fuel contains up to 15% non-methanol additives.7

We assume fleet and system maintenance costs neither increase nor

decrease,

E. Road and Sales Taxes

The above quoted prices excluded taxes (except the methanol prices). A
waiver of California motor fuels tax can be obtained for LPG (and probably the
other alternative fuels), ostensibly because it is clean burning. Federal and
state sales tax in California amounts to about $0.10 per gallon of gasoline,
or $0.80 per million Btu,

F. Cost Summary

Estimated actual investment costs for the conversions and corresponding

base fuel prices, including applicable tax, is shown in Table 3. Gasoline

price 1s shown for reference.

13
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Base Fuel Price, $/10%J
($/10% Btu) Including Tax

System » Investmeht, $

Gasoline (baseline)
Compressed Natural Gﬁé
Liquefied Natural Gas
Liquid Petroleum Gas

Methanol

Life—Cycle Cost Analysis

none
184,400
411,800
110,500
121,300

9.80 (10.30)
7.40 (7.80)
6.45 (6.80)
8.30 (8.80)
13.70 (14.50)
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Table 3. ALTERNATIVE AUTOMOTIVE FUEL INVESTMENT AND UNIT FUEL COSTS

Costing procedures of the National Bureau of Standards Handbook 135 were
followed. The analysis determines the total life-cycle cost (TLCC) and the
savings to investment ratio (SIR) for a retrofit-type project. Future

expenses are ad justed to present values.

"without the retrofit is determined.
(expected 1life of the conversion, or retrofit).

then calculated and the SIR determined.

A. Quantities of Fuel Purchased

A 15-year time period is assumed
Savings with the retrofit are

First, the total life cycle cost

Estimated amounts of alternative fuels purchased>éach yeér are shown in

Table 4.

B. Savings-to-Investment Ratios

The ratios are shown in Table 7; life-cycle cost calculations appear in

Appendix A. Besides the base fuel prices we have added single values higher

and lower than the base case. This allows an estimate of sensitivity to fuel

price changes.

C. Total Life-Cycle Costs -

Total costs are determined for each system, based on annual fuel,

operating, and equipment cost.

The total is adjusted to a present value by

means of uniform present worth (UPW) discount factors for each of the fuels.

These factors are presented in Table 5,

in Table 6; calcuiations are shown in Appendix A.

14

Total life-cycle costs are presented
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Table 4. ANNUAL FLEET FUEL PURCHASES

SI Conventional Millions Amount Relative
Fuel Units Units of Btu to Gasoline Energy
Gasoline 570,000 150,000 gal 18,900 1.00
CNG 480,000 Nm3 18 x 106 sCcF 18,000 0.95
LNG 810,0002 215,000 gal 18,000 0.95
LPG 650,0008 172,000 gal 16,100 0.85
Methanol 840,000% 222,000 gal 15,100 0.80

Table 5. UNIFORM PRESENT WORTH FACTORS
(15~year Study Period, DOE Region 9, Commercial Sector)

Fuel Factor
Unleaded Gasoline 11.52
Compressed Natural Gas 10.15
Liquefied Natural Gas 10.15
Liquid Petroleum Gas 11.52
Methanol 11.52
Electricity 9.05

Table 6. TOTAL LIFE-CYCLE COSTS (TLCC)

Gasoline CNG LNG LPG Methanol
$10°
TLCC 2.25 1.81 1.65 1.74 2.64
aTLcCY - 0.44 0.60 0.51 -0.39

i, - ke R N
- g . :

*
Gasoline TLCC minus alternative fuel TLCC.
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Table 7.
_CNG.
Base Case ' 3.33
Low Case* ' 5.32
" High Case** 1.36 _

L 3]

2.44
2.88
1.99

LNG

SAVINGS-TO-INVESTMENT RATIOS (SIR)
FOR THE ALTERNATIVE FUELS STUDIED

_LPG
5.55
7.23
3.88

65906

Methanol

-2.28
2.02
-6.58

Based on CNG prices of $5.80/MBtu, LNG prices of $5.80/MBtu, LPG prices of
$7.80/MBtu and Methanol prices of $11.50/MBtu.

Based on CNG prices of $9.80/MBtu, LNG prices of $7.80/MBtu, LPG prices of
$9.80/MBtu, and Methanol prices of $17.50/MBtu.
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V. RECOMMENDATIONS

Conversion to 1liquid petroleum gas (LPG) offers JPL the greatest savings-
to-investment ratio, based on current fuel prices. Behind the LPG conversion
came compressed natural gas (CNG), followed by liquefied natural gas (LNG).
Methanol conversions cannot be operated in a hybrid manner with gasoline;
additionally, we estimate that conversion to methanol would result in a net
loss to JPL.

An external factor that could affect the competitive position of CNG is
the possibility of a special natural gas tariff for CNG vehicle users.
Southwest Gas Corp. policy in this regard should be monitored.

A CNG conversion would also be enhanced by cheaper gas prices. The
pipeline project to bring natural gas to Fort Irwin should be investigated to
determine estimated price of the gas.

For all the alternative fuels we assumed that California motor fuels tax
could be waived for a small fee, as is currently practiced for LPG. The

availability of this waiver should be discussed with state taxing officials.

s
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TOTAL LIFE-CYCLE COST WITHOUT THE RETROFIT (GASOLINE)

RETROFIT LEC WORKSHELT

oty

—y pammamene pg—

the Present Value of Energy Costs Without the Retrofit

A Colculating
) (2) 3) (e) (%)
BAST-YIAP
ANNJLL URTTS OF ENEPSY PRICE BASE-YIAP e PRISEIN™ VAL US
TYPL ENLRGY PURTHASED PEp 1T ENERGY COSTS FACTOR OF EMIROY LUsTe
ELECTRICITY % %
| 1344
CHARSE
) s
) I3 -
CHARGE
$ 3
™ -
DAY CHARSGE
3 s
NTEALS
CAPAZITY
CHARGE
$ S
TR
CHAPSE
COMPININTY
OIL
GAS
vhLEADED | ’,
oTHER 3 Olm ¢
Lo | 18,90 MBI | Fosoimbbe 3195600 | 11.52 |T2,346,030
oA $2,24,000
B. Calculating Investment Costs for the Existing Syste Without the Retrofit
v (1) Base-Year Resale, Salvage, or Reuse Value of the Existing System to be Replacec $ O
(2) Base-Year Renovation Costs for the Existing System 41 the Retrofit Project i s 0

Kot Implementec

€. Calculating Annually Recurri

ng Nonfuel Operation and Maintenance (04¥) Costs without

(3)
Present Value of Annually
Recurring Costs

0

the Retrofit
m (2}
Asount of Annually Recurring vPy Factor
Costs in Base Yesr
s - $




TLCC WITHOUT THE RETROFIT (GASOLINE)

QETROFIT LCC WORKSMETTS (Comtinwed) ... . S e R

9. Coleulating Non-Annuslly Recurring 08% (Won-fuel) Costs, Replocoment Costs, ond Selvege Volue Without the

Retrafie, .
(1 2) {3) (1) (s) (6) ) (e)
YEAR IN MOUNT OF MON. MOUNY OF MONT OF b3S mIsENT mEst [ 23145
MICu ANKNUALLY REPLATEC XY SALVASE FACTORS fVALLL OF VALIE OF ALE O
CIVINCITURE | RECCUPRING OB oSS (1IN WAL (IN N0Ne EPLACEMENTY | SA VRIS
IS CRPICTED] COSTS (In BASL. | SASE-VIAP $)1 [sAst.vew 3)3 ANVUALLY RIE -
T0 OCCW. YIAR §8) . RECUPE ING
0g* COSTE
Y.
oM (8] (6 (o}
€. Coalculating TLCC Without the Retrofit
(1) Present Value of Energy Costs ) 3_2_&4‘,000
{2) Present Value of Investment Costs » « $_0
(3) Present Value of Annuslly Recurring (Wonfuel) OB Costs ——. . . « 3_0
(4) Present v'clu of Monannually Recurring (Nonfuel) O8™ Costs . s _O
(5) Present Value of Replacement Costs o '« 3_0_
(6) Present Value of Salvage T ————— " 3__0

(7) TLLC Without the Retrofit

3 For example, 11 monannually recurring (
ond you are wiing 1980 as the base yeor,

withowt future 1nflation,

nonfuel) OB &oxu. replocement costs, or salvege value sccur tn 3990
Base-yeor dollars means stating the 1990 costs 1 1980 dollers, r.e.,
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BASE-CASE TLCC (COMPRESSED NATURAL GAS)

Retrofit LCC WORKSHILTS (Continved)
Ports F through J Calculate TLCC with the Retrofit

F. Calculating the Present Value of Fuel Costs Wnth the Retrofit

Q) (2) 3 (e) (%)
BASL-YEAP
ANNJAL UNITS OF ENTRCY PRICE BASE-YIAP v PRESENT VAL
Vet ENERSY PURCHASID PP NIT ENERGY COSTS FACTOR OF ENLRGY COSTS
ELECTRICITY g90,00 kwh| 40,03/ | s 22,700 .05 | ¢ o S
Lt BEYY
wliw CHARGE
s $
(AR
CHARGE
s
ey
DAY CHARGE
s $
CAPAZITY
CHARSE
$ s
Y (1
CHRo 3
COMPINE X"
olL
o J 3.‘, N B ;‘-u.‘.\ ¥ T 1 ceen TN
Gas ‘\”OC‘( n)t\'LL ! jv) {: - ’- 5""\)‘.‘/-'.,)& /h.v") /) e -
OTHER
ToTR AR

G. Calculating Investment Costs with the Retrofit

4

(1) Estimated Actual Investmen: Costs for the Retrofit Project

(2) Investment Cost Adjustment Factor

(3) Adjusted Investment Costs for the Retrofit Project

(4) Base-Year Renovation Costs for the Existing Systec 1f the

Retrofit Project 15 Implemented

(5) Total Adjusted Present Value Investment Costs Attridutsdle
to the Retrofit Project

T .87,500
. o
4 4
- \f’},"r -ffjé
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. BASE-CASE TLCC (CNG) Sl
EMIFIT LCC MORKSHCETS (Comt imved) -

am—

o Calculating Annually Recurring (Nonfuel) Operstton ond Maintenance (D8®) Costs With the Retrefst

u) - ) e (2) 1)
fsount oF Annuslly Recurring Yu foctor Present Value of Anvmually
Cotts n Base Yeor ~ Recurring Costs -
s ' - s___ O
1. wcu;mn Nonannuslly Recurring (Nonfuel) O6M Costs, Replacenment Costs, and Salvape Volue With the b
Getrofit .
) (2) (3) 1) (5) (6) (7 (e)
WAR IN MDUNT OF MON- Mo OF Mot OF $Pu PRESENY PRESENT PRESENT
™10 ANNJALLY REPLACEMENT SALVAGL FACTORS |VALUL OF VAL OF VALE OF
TODOITRE | RECURRING 08 £os1$ (IN VALLE (1IN ON- REPLAZIMINT | SALVASE
18 EXPECTED | COSTS (1IN ,ASb BASI-YIAR )1 [sast-viar 8)! ANNJALLY YALVE
70 OCCUR VIAR §) ) v 5{5‘{3%?2

we e Jcovmes foner g @0

\
L \
S
o
o

TIL

J. Calculating TLEC With the Retrofit Project

(1) Present Value of Energy Costs 3. /,650, #00
(2) Present Value of Adjusted Investament Costs « 8. 84,400
(3) Present Value of Annually Recurring (tonfuel) ORX Costs « 8, -0

" (0] Presem valwe of Monawwolly Recurring (Nonfuel) O8N Costs o 8, 0
(8) OPresent Value of Replocement Costs I 0
(6) Present Value of Salvege - 8, o
(7) TCC With the Retrofit Project - 3 81%4/00

3 Soe footnote on page §7 for explanation.
2 worishest format 13 sxpended to 8l1ow for camparison of the two choices.
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BASE-CASE SAVINGS-TO-INVESTMENT RATIO (CNG)

RETROF 1T LCC WORKSMELYS (Continued)

K. Met Ssvings or [xcess Cost of the Retrofit Project

L.

(1) TLCC without the Retrofit
(2) TLCC with the Retrofit
(3) et Savings (<) or met Yosses (-)

SIF Calculation

B .-y e -
| SR ,_.,J

()) SIR Numerator
(8) CEnergy Cost Sevings fror the Retrofit
(t) Chenge in Nonfuel D& (osts
(c) SIP Numerator

{2) SIP Denormanator

- (e) Adjustec Differential Investment Cost

{t) Change in Re;lacerent Costs
(c) Change n Salvage Value

(d) SIF Denor nator

(3) SIP for Ranking the Retrcit Project

A-7



BASE~CASE TLCC (LIQUEFIED NATURAL GAS)

to the Retrofit Project

Retrofit LCC WORKSMIETS (Continved) _ e ) L _
Ports ¥ through J Calculate TLCC with the Retrofit T e .
F. Colculating the Present Volue of Fuel Costs With the Retrpfit . —
Q) {2) ¢ ] 4 $
T L (8))] () (s)
ANNJAL INITS OF ENERCY PRICE BASI.Y[AP L o PRESENT wAL\F
vt EMERSY PURCMASED PEP INIT ENERGY COSTS FACTOR OF EMERGY LOSTS
CLECTRICITY s s
| 141 e
CWARGE . .
$ - $
W -
OMARGE : - .
3  §
DAY CHARGE )
_ ] . $
CASAZ 1Ty . ,
HARGE )
s e
W A —————
CHADSE
COMPINT K™
on .
&S - 3
r [ ] 4 4 A * L f‘ ] ‘ - 4 N -' -
oner ENG | e a mBI PP S0 It 3122 A0 10405 |FL o520 . <D)
» 2
TOTAL ~ 1",;’ .e !i‘.“é"
6. Calculaiing Investmen: Costs with the Retrofit
* ) . i - (h'f
(1) Estimsted Actus) Investmen: Costs for the Retrofit Project S OvY
(2) Iavestment Cost Adjustment Factor x 70
(3) Agjusted Investment Costs for the Retrofit Project . 3"""/ ’ ‘G 06
(4) Base-Year Renovation Costs for the Existing Syster 1€ the . ‘
Retrofit Project 15 Implemented -
(5) TYota) Adjusted Present Value Investment Costs Attridutadle S 1; Vi
[ g -

As

£ [
¥ PR A Y



P,

s D e

PR

e

Ay

BASE~-CASE TLCC (LNG)

aTROFIT LEC WORKSHEETS (Cont tnved)

m—

@ Calculating Annually

Recurring (Nonfuel) Operation end Maintenance (03™) Costs Mith the Retrofit

a—

)
smovnt of Annually Recurring

Costs tn Base Year

1. Celculating Nonannud

(2)
PN Factor

3)
Present Value of Annually

fecurring Costs

1y Recurring (Nonfuel) O3m Costs, Replacerent Costs, and Salvage Value With the

Retrofit
(1) (2) (3) (4) (%) (6) 3] (e)
YIAR IN MOUNT OF NON- MOUNT OF MOUNT OF SPw PRESENT PRISENT PRESENT
w10 ANNJALLY REPLACEMINT SALVAGE FACTIORS |vA.ut OF VALLL OF ALy OF
[PINOITURE | RECURRINS o1 08?8 (IN VALLE (1IN NON- REPLAZIMINT | SALVASE
18 EIPLCTED | COSTS (1IN gAS[- BASI-YLAR §)1 | BASL-VIAR s)! ANNJALLY YA UL
70 OCCUR YENR §) RECUPTING
03¥. COSTS
!
!
| ' '
i
| ! =
i i
; '
! :
l l 1
! ] i
I ! ,
l ' '
i i ' :
I
|
|
P -~ g 1)
- o 1 i o]0
2N A -

J. Caleulating TLCC With the Retrofit Project

(1) Present Value of Energy Costs s

{2) Present Value of Adjusted Investment Costs o« 8 41, 80C

(3) Present Value of Annually Recurring (Nonfuel) 084 Costs . s, 18

(¢) Present Value of Monannually Recurring (Monfuel) O™ Costs . s 0

(S) Present Value of Replacement Costs . s, (o)

(6) Present Value of Salvage - 8, 0

(1) TLCC With the Retrofit Project - 3, 954,200

1 See footnote on page §7 for explanation.
¥ wrisheet format 13 expanded to 8110w for conparison of the two choices.
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BASE-CASE SIR (LNG)

RITROTIT LTC WORRSHELTS (Continved) )
£ ®et Savings or Excess Cost of the Retrofit Project . - - L
(1) TLCC without the Retrofit - ~ - $2,2YC 9o
2) TLCC with the Retrotir .t - s/ €E54,200
{3) ®et Soevings (o) or net Yosses (-) L 3_5 9’4 3’39
L. $IF Calculation T e
1) SIR Numerator - - Jiw oo, - . .
m SR o ;/.O:\-:)L’)'.?:
(s) CEnergy Cost Savings fror the Retrofat - e - - T
() Chonge in Nonfuel D2™ Costs . - $ _O
(c) $IP Numerator v . s ' 093, &i¢
(2) S$IP Denorinator , R
= (8) Agyustec Differentis) Investmen: Lost L ‘ Nl Yot
(d) Change in Reslacement Costs ' - 3 !2 : -
(c) Change in Salvage Valve o - ——e - s O
(g) SIF Denorenator - ol R . 9 L."-’/';PJC
(3) SIP for Ranting the Re:irofit Project B é Y ,/ '

Yo e A
LI I oo e v
.7 LA R T T ¥
AR A Lokene
e 1w
Y ey

s
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BASE-CASE TLCC (LIQUID PETROLEUM GAS)

fetrofit LCC WORKSHIETS (Continved)
Parts F through J Calculate TLEC with the Retrofit

£. Calculating the Present Value of Fue) Costs With the Retrofit

S,

Q1) (2) {3 ) )
BASL-YEAP
ANNJEL INITS OF ENTRCY PRICE BASE-YLAP L ad PRESENT VAL
TYPL ENCRGY PURTHASID PEP WNIT ENERGY COSTS FACTOR OF ENCRGY COSTS
ELECTRICITY 3 3
BASL
CHARGE
s )
CHARGE
[ 3
DAY CHARGE
s 3
CAPAZITY
CHARGE
s $
lyCHd
CHADSE
COMPINTN®
o1l
GArS
—e5 | 010 me s 808 wdyes |2 | 62,0
otHr £ 23 P61 00 Tyt R0/ id),700 | i S L5240
T0TA \ Ly, e=s - ol
G. Calculazing Investmen: Costs with the Retrofit
(1) Estimated Actusl Investmen: Costs for the Retrofit Project £ 10, £00
(2) Investment Cost Adjustment Factor __" ¢
(3) Adjustec Investment Costs for the Retrofit Project . i._;_(“_gf(:
(4) Base-Year Renovation Costs for the Existing Syster 11 the . o)
Retrofit Project 18 lmplemented
(5) Total Adjusted Present Value Investment Costs Attributable J//O 5’00
* cm—

to the Retrofit Project

N e - ey
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ETOFIY LCC VORKSHEETS (Cont fnund)

B B L ' B

BASE~CASE TLCC (LPG)

Y SR

- el A et - ¢ - som e e s

a Calcvlati

wg Annually Recurring (Nonfuel) Operstion and Matntenance (03%) Costs With the Retrefit

am——

[ 3 J (2) (3)
fsount of Annually Recurring Wy Factor Present Value of Annually
Costs » Base Veor . Recurring Casts
s 0 - s 0
| 18 u\eu}ltin Nonannually Recurring (Nonfuel) OB Costs, Replocenent Costs, and Selvage Volwe With the
Retrofit
(1) {2) (3) Q) () (6) (7) (e)
AR IN MOUNT OF WON- MOUNT OF MO OF $Pu mRESINY PRISENT PRESENT
[C31<)] ANNJALLY RIPLACLVENT SALVAGL FACIORS |VALUL OF VALLL OF VALY OF
EOIOITRE | RICURRING o™ coss (IN VALLE (1N ON- REPLAZEMINT | SALVARSE
15 LIPLETED | COSTS (1N QAst- BASE-YIAR §)3 [sast-viar §)} ANNIALLY AUt
10 OCCWR VIAR §) RECUPRINS
0d™ COSTS
i
§ .
] H
| | :
i |
i i ‘
| ' i
L ! :
| ! i :
| i ! ’
- . ’/ 1
oL g l/ q 0 | 0 0
. 1

J. Calculating TLCC With the Retrofit Project

1, 632,400

(1) Present Value of Energy Costs s

(2) Present Valwe of Adjusted Investment Costs * t “0, 500
() Present Value of Anaually Recurring (Nonfuel) O Costs « $ 0
(¢) Presem Value of Nonennuslly Recurring (Monfuel) OSN Costs . s 0
(5) Present Valwe of Replacement Costs . S, 0
() Present Value of Salvege - 8, 0
(7) TLCC With the Retrofit Project | - 8, ),742,900

3 See footnote on page §7 for explonation.
2 ortshert format §s expanded to allow for comparison of the teo hofces. -
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BASE-CASE SIR (LPG)

RETROFIT LCC WORKSHILTS (Continved)

K. Met Savings or Excess Cost of the Retrofit Project

(1) TLCC without the Retrofit
{2) TLCC with the Retrofit
(3) Wet Savings (+) or met losses {-)

t. $1F Calculation

(1) SIPR Numerator
(a) Enmergy Cost Savings fror the Resrofit
(b} Change in Nonfuel 08~ Costs
(c) SIP Numerator

(2) SIP Denorinator

- {e) Agjustec Differential Investment Cost
(2) Change in Replacenent Costs
(¢} Change n Salvage Value

(¢) SIF Denor nator

(3} SIF for Ranking the Retrcfit Project




o rm——T

BASE-CASE TLCC (METHANOL)

Retrofit LCC WORKSHEETS (Continved) -

Parts T through 3 Colculate TLCE with the Retrofat

#. Calculating the Present Value of Fued Costs Wnth the Retrofit

@) (2) ) {) (s)
BASL-YLAP
amons INITS OF EnEReY MRICE SASE V(AP U PRESENT WALIE
e EMERSY PURIHASID PEP WY ENERGY COSTS FACIOR OF EMERSY COSTS
fLECTICHT s s
BASL
CHARGE
s s
G
CHARGE
s s
-
DAY CWARGE
s s
o
CAPAZITY
CHARGE
s s
B} G
CHA235E
COPINTI K™
on
&S ,
PSON . _—y 4 fed . RN : - "n e )
e 15,0 pde | 3gsefebEFag000 | sz B2, 520,50
3 v e
Wik < V#2502

.

§. Calculeting Investment Costs with the Retrofit

4

(1) Estimatec Actua) Investment Costs for the Retrofit Project

(2) Investment Cost Adjustment Factor
(3) Adjusted Investment Costs for the Retrofit Project
{4) Base-Year Renovation Costs for the Existing Systen 4f the

Retrofit Project 15 Implemented

($) TYots) Adjusted Present Value Investment Costs Attributesdle
o the Retrofit Project

(I

- -

— emm i . ..

- .0
» '_:.'\l'-
« ‘I
o D
312,000
. i
e—
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EITOFIY LCC WORKSHTETS {Cont tnued)

BASE-CASE TLCC (METHANOL)

a—

W Calculating Annually Recurring {Monfue)) Operation and Maintenance (

08™) Costs With the fetrofit

Q)
t of Annuslly Recurring

Costs in Base Year

{'\

o

1. Colculating Nonannually

(2)
UPw Factor

-_—

3)
Present Value of Annvally

Recurring Costs

Recurring (Konfuel) OBM Costs, Replacement Costs, and Salvage Value Mith the

Retrofit
(1) (2) (3) () (%) (6) (7 (e)
YEAR IN MMOUNT OF NON- AMOUNT OF NOUNT OF SPu PRESENT PRESENT PRESENT
[ d] ANNJALLY REPLACEMENT SALVAGE FACTORS [VALUL OF vALUL OF VALY OF
eI TURE RECURRING O3 cosTS (IN YALUE (1IN [ #L % RECAZEMINT | SALVASE
18 CRPLCTED | COSTS (1IN gAS[- BASE-YLAR $)1 {BASE-YEAR sy ANNJRLLY VALUL
10 OCCUR YIAR §) RECURTING
o3> COSTS
i i
I | |
. ; '
i i !
! | ' :
| ‘ T
. | : :
| ! ' :
| i ! '
1
|
]
ik _ 1~ oi ¢ ‘
l ) ] ‘)
J. Calculating TLCC With the Retrofit Project
(1) Present Value of Energy Costs $ - 5-%, 244
(2) Present Volue of Adjusted Investment Costs « 8 21 300
(3) Prasent Value of Annually Recurring (wonfue)) O8M Costs . $ 0
{€) Present Value of Nonsnnuslly Recurring (wonfuel) OB Costs . $. s}
(5) Present Value of Replocoment Costs ¢« 8 0
(6) Presemt value of Salvage - s, 0
{7) TLEC with the Retrofit Project i s, 2k "'/"1, 200

! See footnote en page §7 for explanation.
2 wortshert format s expanded to 8llow for comparison of the two chotces.
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BASE-CASE SIR (METHANOL_)

RITROFIT LCC WORKSHELYS (Com imved)

€. fet Savings or xzcess Cost of the Retrofit Progect .. .

(1) YLCC without the Retrofit ]

$ 2,2%¢,000
$ 2,649 200

" (2) TACC with the Retrofit - L,
(3) ®et Sevings (+] or met Vosses {-) . | S '/"‘; Zn5
L. $If Colculation
(1) SIR Numerator L ) $ -5 76){7.30
{a) CUnergy Cost Sevings from the Retrofit - .
(®) Change in tonfuel DR™ Costs - / o
- b4 -~
{c) SIP kumerator . $ -~ 70,700
(2) SIP Denorinator
. (8) Agyustec Differencial Investment Cost ) \ 12,540
{p) Change in Reslacement Losts - 3 :
(c) Change in Sslvage Value - s 6] )
. 7 ’ " -
(@) SIF Denor nator . S e . $ 121,380
-7 2
(3) SIP for Ranting the Retrofit Project =

t

i

{
i

- - § ‘
PR
- - . 3
K S . - ~ s
- )
1)
.
-
..
A e et At - 2 - - -
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LOW-CASE TLCC (CNG)

Retrofit LCC WORKSHILTS (Comtinued)
Ports F through J Catculate TLCC with the Retrofit

£. Colculating the Present Value of Fuel Costs With the Retrofit

Q) (2) {3) (4) {5)
BAS{-Y[AP
ANNJAL UNITS OF ENTRCY PRICE BASE-YLAP VbW PRESENT VALLS
TYPE ENLRGY PURIMASED LI 301 ENERGY COSTS FACTOR OF ENIRGY LOSTS
7y . 3 AL 5L ~pr Ll
ELECTRICITY "/)GJCO"" l’[’\h 30.08Y / ‘?-2,700 o s /(’—r,‘—/'./'o
Kin CMARGE
[3 s$
CRARGE
s s
T, O
DAY CRARGE
s s
CAPAZITY
CHARGE
s s
LU -_—
CHADSE
COMPININ™
olL
- A .. ~ St AP ’ ' P - . -
¢ ‘I . BRS .":". ‘_(‘.‘".{’ {/) rﬂ.lL - - 55/# f;k - {J»{J‘ -,,JJ -?Y - J/ O;'/-. ]LA 0
OTHEP
T0TAL < 2 25,00

G. Calculating Investment Costs writh the Retrofit

(1)
@)
(3)
()

(s)

Estimated Actual Investmen: Costs for the Retrofit Project

Investment Cost Adjustment Factor

Adjusted Investment Costs for the Retrofit Project
Base-Year Renovation Costs for the Existing Syster {f the

fetrofit Project 1s Implemented

Tota) Adjusted Present Value Investment Costs Attridbutadle

to the Retrofit Project

A-17



LOW-CASE TLCC (CNG) - . .. ...

O 17 LEC VORKSHEETS (Com fwed)

& Calculating Anually Recurring (Nonfuel) Operation ond Maintensnce (08M) Costs With the Retrofat o

. - - -~ . {2) ‘ (£)]
t of Annually Recurring : ’ Wu Factor - -~ - Present Value of Annually -
Costs n Base Veor - . : Qecyrring Costs - T N
‘ 0 : R _“\ ',\ . ——-:— ’ . (- . . ‘ 0

Solvage Volue WIth the — - —— <o .-

~

1. Calevlating Nonannually mirﬂns (nonfuel) O8n Costs, lca\umf Costs, ond
rofit

m (2 (3) ) (s) (6) ) ()
VAR In [ AROUNT OF WON- MOUNT OF o OF seu |omEsEnT PRISINT PRESENS
W1 ANNJALLY REPLACEVENT SALVAGE sactons fvatt OF | vALE O | WALE OF
toIOINRE | RECRRIG 08 €0STS (IN VALLE (I ON- rEvoAceINs | sAvRsE
18 £PECTED | €OSTS (1M ‘AS[- sAST-viAR 8)1 [eastovear §)) ANNIALLY A
10 0CCWR ViR $) RECIPRING
04" COSTS
. i
- 1] }
[]
' 4 -
| | : *
. ‘ i
, H
[} 1. ) H B . .
} i ¢ T e
_ — : ~ |
A / [ -
| , 01 0

J. Calewlating TLCC Mith the Retrofit Project

(1) Present Value of Emergy Costs ' . >0, "
" (2) Present Volwe of Adjusted Iavestment Costs « 3 18Y, Yeo
(3) Present Value of Annually Recurring (Nonfuel) OB% Costs « 3 0
(6) Present Value of fonannually Recurring (wonfuel) 08X Costs . 3 0
(8) Present Value of Replacement Costs « 8, 0
(6) Present Value of Salvege - 3 0
(7) TLCC With the Retrofit Project . 8, H¥%500

1 Soe footnote on page $7 for explonation.
2 wrtshest format s sxpenced to allow for e-pmm o the o chotces.
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LOW-CASE SIR (CNG)

RITROF 1T LCC WORKSHILTS (Continved)

K. Wet Savings or [xcess Cost of the Retrofit Project

(1) TLCC without the Retrofit

(2) TLCC with the Retrofit

(3) wet Sevings (°) or mel Josses {-)

L. $I% Calculation

(}) SIR Kumerator

(2)

(3)

(a) Energy Cost Savings fror the Resrofit
(t) Change 1n Nonfuel D8 Costs

(c) SIP Numerator

SIP Denorinator

(e) Adjustec Differential Investment Cost
(b) Change in Re;lacenent Costs

(¢} Change wn Salvage Value

(¢) SIF Denor nator

S1P for Ranking the Retrofit Project

A-19
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Retrofit LCC VORKSHCLTS (Cont fnved)

Perts ¥ through J Coleulate TLEC with the Retrofit”

LOW-CASE TLCC (LNG)

f. Colculating the Present Value of Fue) Costs With the Retrofit

Q) (2) ($)] () )
BAS[-YL AP
ANNRL DNITS OF gnircy MICE BASIYLAP (L aod PRESENT VALLS
™t ENERGY PURIMASID PP WNIY ENERGY COSTS FAZTOR OF CuLRyY LOSTS
ELICTRICITY ) 3
s s '
) -Gl :
CMARGE
3 s
"
DAY CMARGE
- $  J—
cAPAZ 1Ty
- CHARGE :
s
L CH -
CRAP3E
COMPINT K™
olL
- A . "‘ ] o— * -
L 1hes 18,000 Mmblw 35,80 mbrnl 7jo, 400 | 1015 | %), 659,702
oTHEP
- f -
TR ~ '*// 05‘// 100
6. Calculating Investment Costs with the Retrofit
(1) Estimstec Actus) Investmen: Costs for the Retrofit Project ¥ MO
(2) 1Qsvestment Cost Adjustment Fector x _.._’ 0
’.
(3) Adjustec Investment Costs for the Retrofit Project . P41/, 50
(4) Base-Yesr Renovation Costs for the Existing Syster 1f the . __&
fRetrofit Project 1s lmplemented
{5) Tots) Adjusted Present Velwe Investment Costs Attridutable 44 86
- f

to the Retrofit Project

— e e
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morIT LeC WORKSHEETS (Cont fnued)

LOW-CASE TLCC (LNG)

am——

% Celculating Annuslly Recurring {Nonfuel) Operation and Msintenance

(08M) Costs Vith the Retrofit

amm—

(1
Smount of Annually Recurring

Costs in Base Yeor

C

1. Celevlating Nonannually Recurring (Nonfuel) O8M

(2)
WP Factor

—

)
Present Yalue of Annually

fccurring Costs

Costs, Replacement Costs, and Sslvage volue Mith the

Retrof it
1) (2) (3) (¢) (5) (6) (7 &)
YIAR IN MMOUNT OF NON- MMOUNT OF NOUNT OF SPu PRESENT PRISENT PRESINT
wIH ANNJALLY REPLACEMINT SALVAGE FACTORS [VALUL OF VAL OF VALY OF
12 QD114 RECURRING O8% cosYs (IN VALLE (1IN NON- REPLACEMINT | SALVASE
18 CIPECTED | COSTS (1N ?AS[- BAST-YEAR $)1 |BASL-YEAR s ANNJALLY VALUZ
10 OCCUR YEAR §) RECURRING
0¥ COSTS
!
i
i ‘
| ‘ =
' i i
' P ‘
| :
| | . _
! 2 : |
! : i .
: : , .
1
|
\
- - i < : N
1 \ ," \ 1] ‘;’\
i Ly 08 01 ¢
J. Calevlating TLCC Mith the Retrofit Project
(1) Present Value of Energy Costs 3 / ODL.', 1)
(2) Present Value of Adjusted Investment Costs * $ I"l b4 a3l
(3) Present Value of Anauslly Recurring (Nonfuel) OB Cosis « 3 o)
(8) Present Value of Nonannuslly Recurring (nonfuel) OB Costs . t s
(5) Present Value of Replacement Costs I B s)
() Present Value of Salvage - t (o}
(1) TLCC With the Retrofit Project - 8 u7/,500

3 See footrote on page $7 for explanation.

2 wrisheet format 1s expanded to 81iow for com

A-21
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LOW-CASE SIR (LNG)

RITROFIT LCC WORKSHILTS (Contimed)

‘& Wt Savings or Lacess Cost of the Retrofit Project

(1) TLEC without the Retrofit $ 2,270,000

(2) TLCC with the Retrofit - - - s !, 7=, 497
(3) ®et Savings () or met Vosses (<) . s 43,600

L. 3IF Calculation

() SIR Wunerstor . . . o T
. S B - } 3 zl./‘:'.. /C'J
(s) Cnergy Cost Sevings fror the Retrofit o
{d) Change in Nonfue) 08 Costs : - s C
{c) SIP Wumerator . s /55,;’{'{‘
(2) SIP Denoringtor
< (8) Adjustec Differential fnvestmen: Cost : ZiL,%¥00
(0) Change n Re;lacomemt Costs - s [a)
(c) Change w1 Salvage Value - 3 0
(9) SIF Denorenater . g H1.2o !
(3) SIP for Ranting the Resrofit Project - o7 22

‘

A-22
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LOW-CASE TLCC (LPG)

Retrofit LCC WORKSHILTS (Continuved)
Parts F through J Calculate TLCC with the Retrofit

f. Calculating the Present Value of Fue) Costs With the Retrofit

) 2) [t) ) )
BASL-VIAP
ANNJAL UNITS OF ENTRCY PRICE BASE-YIAP e PRESENT VALUT
et ENIRGY PURCHASED PEP WNIT ENERGY COSTS FACTOR OF ENIRGY COSTS
ELECTRICITY 3 s
CHARGE
[3 $
CHARGE
3 s
T -_—
DAY CHARGE
3 $
CAPAZITY
CRARGE
[ s
CHAPSE
COMPININ”
oIt
(X
e LF 5 | 16,508 7 B4 | 4780 [mEd 3725, el |52 31,446,705
. 4y g Gt
ToTA < | #/. ,,./c/ 2y

G. Calculating Investment Costs with the Retrofit

4

(1) Estimsted Actud) Investment Costs for the Retrofit Project

(2) Investment Cost Adjustment Factor

(3) Adjusted Investment Costs for the Retrofit Project

(4) Base-Year Renovation Costs for the Existing Syster i1 the

Retrofit Project 1s Implemented

(5) Tota) Agjusted Present Value Investment Costs Attributadle
to the Retrofit Project

$110,50
. VA,
. 549,57
. (
419,50




LOW-CASE TLCC (LPG)

ENOFIT LCC WORKSMEETS (Continved)

& Calcvlating Aanuatly Recurrinmg (Nonfuel) Operation and Maintenance (04%) Costs Wnth the Retrefit

—

[£)) o ) ' 3
fmount of Anmualily Recurring wu Factor Present Volue of Annually
Costs n Base Veor Recurving Costs
' A - s O
3. tﬂ:u}:ﬂn Nonanaually Recurring (Monfuel) 0% Costs, Replacerent Costs, ond Salvage Valwe With the
Qetrof it .
1) (2) (3) (4) (5) (6) 7 (e)
VAR 1N AMOUNT OF WOk- MOoUN: OF MONT OF $Pu PRESINT PRISENT PRESENT
WicH ANNJALLY REPLACEVENT SALVAGL FACTORS |VALUL OF VAL OF VALY OF
EODOITRE | RECURRING [+ 3 0SS (IN yALLE (IN MON- REPLACEMINT | SALVASE
13 CIPECTED | COSTS (1N QASE. BASE-YEAR 8)1 {BASE-YEAR §)) ANNIALLY AU
70 OCCUR VAR §) RECUPRINS
04 COSTS
{ ! .
| i EE
; |
1 i :
t : ;
! : '
] ! S .
| i ! '
- R ’,
ik _|/ X % 0 0

J. Colculating TLEC With the Retrofit Project

y

k.

-3

3

o

(1) Present Value of Energy Costs T s /) q‘/équ-‘o
(2) Present Value of Adjusted lnvestment Costs « 8 110, 50D
() Present Value of Annuslly Recurring (Nonfuel) 0S¥ Costs « 8 (8]
(8) Prasem Valwe of Monannuslly Recurring (Nonfuel) O8N Costs o« 3, 0
(5) Present Value of Replacement Costs - 8 0
(6) Present Value of Salvege - 8, )
(1) TLCC With the Retrofit Project - 3 )557,400

1 Soe footnote on page §7 for explonation.
2 wrisheet format 15 expanded to o1low for conparison of the two choices.

A-24



V-

-t

Fasoon

—~niin e n

PR

LOW-CASE SIR (LPG)

RITROF 1T LCC WORKSMILTS (Continved)

K. et Savings or Excess Cost of the Retrofit Project

L.

(3) TLCC without the Retrofit
(2) TLCC with the Retrofit
(3) Met Sevings (+) or met Yosses (-)

$18 Calculation

(1) SIR Numerator
(a) Energy Cost Savings {ror the Resrofit
{b) Change 1n Monfuel D% Costs
(c) SIF Numerator

(2) SIP Denoranator

- (e) Adyustec Differentia) Investmen: Cost

(t) Change in Rejlascenent Cos:s
(e} Change 1n Salvage Value

(¢) SIF Denorsnater

(3) SIP for Ranking the Retrof1s Project

A-25



LOW-CASE TLCC (METHANOL)

Setrofit LCC WORKSHLETS (Continved)

Ports ¥ through 3 Colculote TLEC with the Retrofst

F. Colculating the Present Value of Fued Costs With the Retrofit

A m 2) 0) @) (5)
BAS[-YIAP
ANNJAL IMITS OF EWRCY PRICE BASE.YLAP ot PRESENT WALLE
e EXIRSY PURCHASLD PLP WNIT ENERGY COSTS FACTOR OF ENCRGY COSTS
ELECTRICITY ) s
LA
CHARGE
s 3
WREC
OMARGE
s $ —
DAY CHARGE N
) $
TORTRESY
CACAZITY
CHARGE
3 $
oy -
CHaR5E
COMPON K™
on
&S -
3] H ] -
over il 15,006 WAL (4,50 /m6in|? 12,700 |1 52 %, 000,080
TOIR ™~

6. Calculating Investment Costs with the Retrofit

N4

(1) Estimated Actual Investmen: Costs for the Retrofit Project
(2) Investment Cost Adjustment Factor

(3) Adjusted Investment Costs for the Retrofit Project

(8) Base-Yesr Renovatfon Costs for the Existing Syster: 41 the -
Retrofit Project 15 Implemented

(5) TYots) Adjusted Present Value Investment Costs Attridbutadle
to the Retrofit Project

x \

. 312,300
- 2

- 312-'.;50

A-26 -
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gmoFIT ACC WORKSMEETS (Cont 1aued)

LOW-CASE TLCC (METHANOL)

—

o Calculating

Annually Recurring (Nonfuel) Operation and faintenance

(08™) Costs With the Retrofit

am—

(1)
feount of Annually Recurring

Costs 1

n Base Yeor

0

1. Cotcvlating sonannually Recurring (Nonfuel) O8M Costs, Replacement Costs,

(2)
VP Factor

-—

1))
Present Yalue of Annually
Recurring Costs

O

and Selvage Value Mith the

Retrofit
(1) (2) (3) (4) (5) (6) () (e)
YIAR IN MMOUNT OF NON- AMOUNT OF MMOUNT OF SPu PRESENT PRISENT PRESENT
WICH ANNJALLY REPLACEMINT SALVAS! FACTORS |VALUL OF VA UL OfF VALYD OF
EIPINDITURE | RECURRING [+ 1 cosTS (IN VALUL (1IN NON- RESAZTMINT | SAVALE
15 CIPLCTED | COSTS (IN FSI- BASE-YIAR $)1 [ BASI-YEAR sl ANNJALLY VALV
70 OCCWR YEAR §) RECUPRING
os> COSTS
|
!
| i
i .
I i :
! i !
: i i
l ! :
! | . :
‘ 1 i H
! | : v
| : i .
i ; , ;
1
|
i
— ra a2 T :
11 W - ‘!/ A i ’/': K
N - - -
J. Caleulating TLCC Mith the Retrofit Project
-~ . A -~
(1) Present Value of Energy Costs $ 2,{¢ //b 0:
(2) Present Volue of Adjusted Investment Costs « 3 7/,33¢
(3) Present Value of Annuslly Recurring (Nonfuel) O8M Costs . s 0
(4) Presemt Valwe of Nonannually Recurring (Monfuel) OBM Costs . 3 0
(S) Present Value of Replacement Losts ¢« 8, C
(6) Present Volue of Salvage I 0
- $,.7.122,330

{7) TLCC With the Retrofit Project

1 See footnote on page 57 for explanation.

? worksheet format s expanded to 8llow for compari

A-27
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LOW-CASE SIR (METHANOL) . .

RITROFIT LCC WORKSMICTS (Contimued)

€. et Sevings or Excess Cost of the Retrofit Project L .

| s 2,2,000
(2) TLCC with the Retrofit . ' - $ 2.,°27,30)
. $__ /23,700

(1) TLCC without the Retrofit )

{3) ®et Savings (+) or met tosses ()

]
!

L. $1F Colculation

1) SIR dunerator . »
(8) [Energy Cost Savings fror the Retrofst
{2} Change in onfue) DS™ Costs . B

(c) SIP Numerator

1
]
|
|
(2) SIP Denorinator : ' '. ' y j
]
1
]
i

s 275,905

- (e) Ajustec Differencisl Investment €o$t - -~ . . ...

A )
{d) Change in Reslacoment Costs o - .
(¢} Change wn Salvage Value N 3

$

(@) SIF Denorenater ’ T . e e

(3) SIP for Ranking the Retrofiz Project ~ " - - T e e

1

]

A-28
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HIGH-CASE TLCC (CNG)

Retrofit LCC WORKSHIETS (Continved)

Parts F through J Catculate TLCC with the Retrofit

F. Calculating the Present Value of Fue! Costs With the Retrofit

a) 3 ($)

ANNJAL INITS OF BAST.YLAP PRESENT VALUS
et ENIRSY PURIHASID ENIRGY COSTS OF EMCRGY L0578
ELECTRICITY 70,000 JO0. 089 ] 822700 § -6 /(0

' BASY
rith CMARGE
[ $
R —
CHARGE
[ )
mr
DAY CMARGE
[ $
R
CAPAZITY
CHARGE
[3 )
oy
CHAPSE
COMPINT K™
olL
' o 0 - e e N ~ K
:'_'.G&S ,8)(0/'“ f/"t“‘-'rl' : /)7 bf.’l_ ,:"’0__ ; 2 ’15 —;/)7Llu SO
OTHEF
o 5),275, 740

€. Calculating Investment Costs with the Retrofit

N4

(1) Estimated Actual lavestmen: Costs for the Retrofit Project

{2) Investment Cost Adjustment factor

(3) Adjusted Investment Costs for the Retrofit Project

{4) Base-Year Renovation Costs for the Existing Syster 11 the

Retrofit Project is Implemented

{5) Total Adjusted Present Value Investment Costs Attributadle
to the Retrofit Project

A-29
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HIGH-CASE TLCC (CNG)

a1 LEC WORKSHCETS (Comttnwed)

[P S U

—

& Calculating Annually Recurring (nonfuel) Operation and Maiatensnce (04M) Costs With Lhe Retreft

——

1) (2) ~ 3
fmount of Annvally Recurring ) Yu Facter Pretent Volue of Anmually
Costs n Base Veor i . fecurring Costs
s O ol - . I | &)

1. Calculating Nonannuslly Recurring (Monfuel) O8» Costs, Replocement Costs, and Selvage Valwe With the

Setrofit
) (2) Q) (4) {5) (6) m (e)
vEAR tn | AmDUNT OF WO MO OF MO OF shw | emEsewny mISENT PRESENT
[ ANNJALLY RIPLACEMENT SALVAGE FACTORS |[VALWE OF VALY OF VALUD OF
(OIOITRE | RECURRING O8% cosTS (IN wALLE (IN 1ON- REP.ACTMINT | SALVRSE
1S €3PLCTED | COSTS (1IN ,AS[- BASL-YEAR S)l BASE-YEAR 3)‘ ANNJALLY YALUE
10 OCCUR YEAR §) RECUPEING
Olv COSTS
i -
' .
| ! -
i ! ]
l i 9
| ‘ : ' ]
i 1 H
| i ' ‘ i
- r el P T
T - }
_I/ ) o | 4 % j
J. Caleulating TLCC With the Retrofit Project i J
(1) Present Value of Evergy Costs s. 1,495,900
(2) Present Volue of Adjusted Iavestment Costs « 3 199, ¥ 00 j
{3) Present Value of Annually Recurring (wm) Osn Costs « 3 O
(¢) Presemt Value of fonannually Recurring (Nonfuel) O8N Costs ) 3 0 .
(8) Present Valwe of Replacement Costs . s 0. l
(6) Presemt Volwe of Salvage - s 0
(7) TLCC With the Betrofit Progect . 8. 2,/829.395 ﬂ
3 See footnote on page §7 for explonation.
2 wrisheet format 15 expanded to 811ow for comparison of the two chofces. ... =~~~ :]
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- HIGH-CASE SIR (CNG)

- RITROF 17 LCC WORKSHILTS (Continved)

f
i K. Wet Savings or Excess Cost of the Retrofit Project
i -
(1) TLCC without the Retrofit $ 2, 2%, 800
i (2) TLCC with the Retrofit - s 2, /'J' z2ac
i . S 750
(3) et Savings (*) or met Vosses (-) . s o, 2L
; L. SIF Calculation
i
()) SIR Kunerator A A
3 ‘ C o~
(a) Cnergy Cost Savings from the Retrofit h—
J ”
§ (t) Chonge in Nonfuel O8“ Costs - s L
PPy
. (¢) SIP Wumerator . g~ "]
: (2) SIP Denoranator
t
. (e) Adjustec Differenzial Investmen: Cost A -
(b) Change 1n Rejlacement Costs * s~
i {c) Change 1n Salvage Value - s )
| (d) SIF Demornator . s> 0
i (3) SIF for Ranking the Reirc?it Project /. Z
i
H
1
!
¢
i
7
4
i
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HIGH-CASE TLCC (LNG) oroLanes
Retrofit LLC VORESHILTS (Comtinved) ' '
Ports ¥ through 3 Calculate TLEC with the Retedfot. . — .. . .. e
. Calculating the Present Value of Fue) Costs With the Retrofit - - : .
) @) 3 4) ()
SASL-YL AP ) ¢ ~ -
: co AMNJAL IMITS OF EM RO PRICE BASI-YLAP [ o PRESENT WAL -
™vee . ENERSY PURTMASID PLP UNIT ENERGY COSTS FACIOR OF ENCRGY COSTS
ELECTRICIVY ) ]
) 114 :
.. CWRGE Tl L
s $
W B
. H  J—
DAY CMARGE ’
% 3
ubu];' DN i .
CHARGE " ) o
[ 3
Ul L‘
[T 4
COMOINT K™ -
on _ ]
J-N.&s. 18,000 Pible 37,85 ImbYy digo, %50 2iS £),425,70¢
oner
ok < 31,425,700
6. Calculating Investmen: Costs with the Retrofit
<
(1) Estimated Actusl Investmen: Costs for the Retrofii Project FHiaan
(2) tevestment Cost Adjustment Factor z _:_0
| 351,805
(3) Adjusted Investment Costs for the Retrofit Project . padldd.
(4) Base-Yesr Renovation Costs for the Existing System 4 the .. _0_
fetrofit Project is Implemented
{5) Tots) Adjusted Present Value Investment Costs Attriputadle ) 31,890
to the Retrofit Proyect * cam—
. &% o N - -y , i
- RS e ToTe ;: : - 4 . _ﬂ ’-h': ’
. !; - .. S' -
‘ T A-32 e
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ZETROF 3T ACC WORKSHLETS (Cont fnued)

HIGH~-CASE TLCC (LNG)

—

& Celculating Annually Recurring (Monfuel) Operation and Maintenance

(0aM) Costs With the Retrofit

13})
Smovnt of Annually Returring

Costs 1n Base Yeor

(2)
WP Factor

£}
Present Value of Annually

Recurring Costs

$ 0 — $ 6]
1. tal:u}ning Nonannually Recurring (Nonfuel) O8™ Costs, Replacement Costs, and Salvage value With the
Retrofit
() (2) (3) (4) (5) (6) (7) (e)
YEAR IN AMOUNT OF NON- NOUN® OF NOUNT OF SPu PRESENT PRISENT PRESENT
it ANNJALLY REPLACEMENT SALVAGE FACTORS |vALut OF VA UL OF VALY OF
LI TRE RECURFING O8v cosTS (IN ALUE (IN MON- REP.ACEMINT | SALVRGE
18 EIPLCTED | COSTS (1IN gAs:- BAST-YIA® §)1 {BASE-vEAR $)) ANNJRLLY VALUZ
10 OCCWR YEAR §) RECERINDG
04 COSTS
|
!
| | i
i '
| ' |
. ; !
" v ;
\ :
| | . |
] ! i ;
{ ! : :
| ) : .
i ; | .
i
i
t
g g 1
ToTR 1~ O i 0
I 4 0| é)

J. Calculating TLCC Mith the Retrofit Project

(1) Present Value of Energy Costs
(2) Present Velue of Adjusted Investment Costs
(3) Present Value of Annually Recurring (Nonfuel) O™ Costs

(4} Present Value of Nonannually Recurring (Nonfuel) DM Costs

(S) Present Value of Replacement Costs
(6) Present Valwe of Salvage
(1) TLCC With the Retrofit Project

L IRals
* $ —-,‘:‘,83.‘)
. '. O
I o
I 0
- L o)
- 3, 1536,900

1 See footnote on page §7 for explanation.
2 worksheet format s expanded to 3110w for comparison of the two choices.
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HIGH-CASE SIR (LNG) -

" RETROFIT ACC WORKSHELTS (Comtinued)

"R, et Savings or Excess Cost of the Retrofit Project - - .

-

o ——— e

82,246,690

(1) TLCC without the Retrofit e _ - 52 ?00
(2) TLCC with the Retrofit  :oo..o- .. o - $ 4 ”;e;.).o
\ ’ . lv--
{3) ®et Sevings (o] or met Yosses (-) . s 7]
g. 3¢ Celculation .

(1) SIR Kumerator : T s 902 G4

(s) Energy Cost Savings fror the Resrofat -~ - e ] o

. ) - S =

- (¢) At ustec Differencia) Investment Cost

(v) Chonge in wonfuel OB~ Costs . R
(e} SIP Nwmerator ’

(2) SIP Dencrinator

{p) Change in Reslacenent Costs

(c) Change wn Salvage Value ~
(d) SIF Denor-naicv .

(3) SIP for Ransing the Reirofic Project

. s 820,9¢0

AR 1,

Lt '.J{:
N
- | § "
- s 0

. s 417,870

L]

.- o0

. ST s e ¢ e et v
— _
——— -
. .
N e - i - -
.
B ; .
. -~ - “ .
. -
. R .
v - [T 3 - - .
S A N 1.
- -
.
Te— Car
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e e e e me
—— .
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HIGH-CASE TLCC (LPG)

Retrofit LCC WORKSHIETS (Comtinved)
Parts F throuph J Calculate TLCC with the Retrofit

]
:
SN f. Calculating the Present Value of Fuel Costs With the fetrofit .
Q1) (2) 3 (1) 5)
BASL-YEAP
1 ANNJAL UNITS OF ENLRCY PRICE BASE.Y[ AP Py PRESENT VALLS
TYPL ENERSY PURIHASID PEP UIN]T ENIRGY COSTS FACTOR OF EMERSY COSTS
1
i ELECTRICITY ] s _
i 1
CHARGE
$ s
{ wee -
i ARG
[ 3
] DAY CMARGE
1 ‘ ‘
, cAsAZ 1Ty
{ CHARGE
: s $
T -_—
. CRARST
! CONPINTK®
i
on
(T3S
: pi . - S I , 5 y — -
, o & HC 16,100 WHw |39 Lafmbdu]= 27800 .82 | 3,007 65l
(174 < 1,817, 600
i . .
i G. Calculacing Investmen: Costs with the Retrofit
< oAl
H (1) Estimstec Actua) Investment Costs for the Retrofit Project = 110,500
¢ . -
i (2) Investment Cost Adjustment Factor x b
1) >
(3) Adjusted Investment Costs for the Retrofit Project . F10,5.
g (4) Base-Year Renovation Costs for the Existing Syster 1f the . e
i Retrofit Project 15 Implemented
- {5) Tots) Adjusted Present Valwe Investment Costs Attributadle i) ;JC
{., to the Retrofit Project . ——
'
i.

v—— s .
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HIGH-CASE TLCC (LPG) ~ =~

nmtw.num:m(wmm) » o N

i
; o Clclating fnnuslly Recurring (monfue)) Operation ond Maintenance (08M) Costs With the Retrefet © e e
m - ) ;
¥ amownt o Anmually Recurring W Factor Present Vohn of Anmually
o Costs in Base Yeor CL ) fecurring Costs
; i O L = ! o)
: | 21“‘1:“.‘ Nonanauslly Recurring (!onwﬂ) 04 Costs, Replacerent Costs, and Salvage Value With the
) rofit
w (2) (3) () ) (6) M ()
i AR 1N MOUNT OF NON- moun” OF MONT OF PRESENT PRISINT PRESENT
¥ " 31<)] ANNJALLY ['ult['{ﬂ' SALVAGE mms vALUE OF A O AL OF
b EPDOITRE RECURRING O8% CosTS (1IN e (In [ %8 REPLASEVINS $A. VARG
: 1$ CIPLCTED | COSTS (1N ‘AS[- SASI-VIAR §)1 [BASI-VIAR s AIMIALLY AU
by 10 OCCUR 'lAR RECUPRING
; od¥. COSTS
i
{;‘_
v i
i ——
‘ .
| ¢ :
i i
i i ‘ -
. ;_ é :
| 1 H N D
{ i ' ‘
P > - 4 N e
o i, ciZ o
M 3
J. Calealating TLCC Mith the Retrofit Project
(1) Present Value of Emergy Costs S h 8 '7 00‘) .
(1) Present Valw of Adjusted Investaent Cotts « 8 1i0,560
(3) Present Value of Annually Recurring (Monfuel) 08 Costs « 8 0
(4) fresem Valwm of Nonannuslly Recurring (wonfue)) O8N Costs e s, (s
(8) Present Valwe of Replacement Costs . s, Y
(5) Present Valwe of Salvege - 8, 0
. s, 7 - 8) ’00

(1) TLCC With the Retrofit Project

1 Soe footncte on page 57 for sxplonation. .
2 werishest format §5 sxpanced to aYlow for conparison of the two EROIEES, " T T T
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HIGH-CASE SIR (LPG)

RETROF 1T LCC WORKSHELTS (Continuved)

ety peesemamy  pammess

K. Wet Sevings or Excess Cost of the Retrofit Project
(1) TLCC without the Retrofit $ 2,7, 060
(2) TLCC with the Retrofit - g /720, S8
(3) et Savings (+) or met losses {-) . s 3!7,975
L. SIF Calculation
(1) SIR Kumerator ; ‘/‘“,“' G
(s) Cnergy Cost Savings fror the Retrofit
{2) Change in Wonfue) O8“ Costs - s ¢
(¢) SIF Kumerator . s 428, )
{(2) SIP Denorinator
- {2) Adjustec Differential Investmen: Cost A 11C. 568
(t) Change in Re;lacenent Costs - ) O
(c) Change 1n Salvage Value - $ __i
. s 3. 505

{d) SIF Denor natcr

(3) SIF for Ranting the Reirc’it Project
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HIGH-CASE TLCC (METHANOL)

Setrofst LCC WORKSHIETS (Comtinved) _ . . . L T TICER SRt

————— e e e et e

Ports § through J Catoulate TLCC with the Retrofit

f. Calculating the Present Valwe of Fue) Costs INth the Retrofit
7 ) ) 4]} ) )
BASL-YIAP
ANoAL UNITS OF gMRCY PRICE BAST.VIAP e MRISINT WALLE .
™ EXLRST PURSMASID PIr WY INERGY COSTS FACTOR O ENTRGY COSTS
ELECTRICITY ) s IR
: | 1yt -
- CHARGE . .
$ ) s__
- R
CHARGE R .
s s —
DAY CHARGE e e
. s ] .
CASAZITY S o '
CHARGE ‘
. s s__
CHEP3E o
- CONOININ"
ou
8RS
o o] 15,150 M Bla | 317.50)mbla}®264,300 |17.52 | 13,044,700
oI < |13, 044,700

§. Calculating Investment Costs with the Retrofit

a)
@)
)
W)

)

— s o

Estimsted Actual Investment Costs for the Retrofit Project

Investment Cost Adjusteent Fector
Adjusted Investment Costs for the Retrofit Project
Sase-Year Renovation Costs for the Existing System §f the

Retrofit Project s Implemented

Tots) Adjusted Present Value Investment Costs Attributsdle

¢o the Retrofit Project

wamrir

. 7.8
. $121,%00
‘e (o)
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HIGH-CASE TLCC (METHANOL)

gEMOFIT LEC WORKSHEETS (Comt fnved)

W Calculating Annually Recurring (Nonfuel) Operation snd Matntenance (08M) Costs With the Retrofit

1) (2) (3)
Amownt ©f Annually Recurring UPK Factor Present Value of Annvally
Costs n Base Yeor Recurring Costs
s O - $ O

1. Calculating Nomannually Recurring {(nonfuel) O™ Costs, Replacement Costs, and Selvage Value With the

fetrofit
(1) {2) (3) (4) (%) 6) {7 (e)
YIAR IN AMOUNT OF WON- MOUNT OF AMOUNT OF SPul PRESENT PRESENT PRESENT
W1CH ANNJALLY REPLACEMENT SALVAGL FACTORS [VALUL OF VALLL OF VALY OF
EISINDITURE | RECURRING O3 costs (IN YALLE (1IN NON- REPLAZTMINT | SALVARGE
18 CXPLCTED | COSTS (1IN gAS[— BASE-YIAR $)1 {BASE-YEIAR $)! ANNJALLY VAL UL
10 OCCW YEAR §) RECUPRINS
08~ £OSTS

T

\
.\
.
>
®)
o

J. Caleulating TLCC With the Retrofit Project

s 23,044,700

(1) Present Value of Energy Costs

{2) Present Value of Adjusted lnvestment Costs . $ 1217, 200
(3) Present Value of Annually Recurring (Nonfuel) O8% Costs . s 0
(4) Pretent Value of Nonannually Recurring (Nonfuel) D&M Costs . 1 3 0
(S) Present Value of Replacement Costs ¢« 8, 0
(6) Present Value of Salvage - 8, 4
(7) TLCC With the Retrofit Project = 8 3 1{pt 000

1 See footnote en page §7 for explanation.
2 worisheet format §5 expanded to 8110w for comparison of the two Choices.
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HIGH-CASE SIR (METHANOL)

RITOFIT LCC WORKSHILTS (Continved)

K. et Savings or Excess Cost of the Retrofit Project

(1) TLCC without the Retrofit
(2) TLCC with the Retrofit
(3) %et Sevings (o) or met Vosses (-)

L. $1F Colculation

()) SIR Kumerator
(a) Cnergy Cost Savings frorm the Retrofat
(d) Chonge in Nonfuel O8™ Costs
(c) SIP Numerator

{2) SIP Denoranator

- (2) Adjustec Differentis) fnvestmen: Cost
{p) Change wn Replacoment Costs
{c} Cnange wn Salvage Value

(d) SIF Denor-nator

{3) SIP for Ranting the Reirc?it Project

“ . e

o3 LUES

>
o

-~
N
~.

i
o
w
oq
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