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EXECUTIVE SUMMARY

A life cycle costs analysis of non-PCB distribution transformers was
performed. Eight (8) transformer alternatives at eight (8) different kVA
ratings were evaluated.

The eight transformer replacement alternatives considered are:

- Mineral Oil

- Silicone Qil

- RTEmp

- Amorphous Core
- Vapor-cooled

- Ventilated Dry
- Sealed Dry

- Cast Coil

The eight kVA ratings are: 25, 75, 150, 300, 500, 750, 1000, 1500. Except
for 25 kVA-rated transformers, which are single-phase, the rest are three-
phase.

For the purpose of transformer costs comparison, life cycle costs were
composed of the purchasc price and load and no-load costs. Life cycle costs
were computed for the entire life cycle of 30 years. Present values, using a
nominal discount rate of 10%, were also computed. Purchase prices of
transformers were based on "quantity discounts" of 10 transformers purchased
at the same time.

Energy cost of $0.06/kwh is used throughout this report, with a compound
growth rate (based only on inflation and excluding any changes in real supply-
demand) of 5% per year over the assumed life cycle of 30 years for each
transformer. A constant inflation rate of 5% is assumed.

The cost of $0.06/kwh is the average energy cost charged by the Public
Utility Companies (PUCs) for electric power at Public Works Centers (PWCs)
such as at Norfolk-Virginia, Pearl Harbor-Hawaii, and San Diego-California.
Virginia Electric Power charges the PWC-Norfolk between $0.045/kwh and
$0.050/kwh. Hawaiian Electric Power charges the PWC-Pearl Harbor $0.065/kwh
and San Diego Gas and Electric charges the PWC-San Diego $0.072/kwh. These
electric energy rates are based on information provided by officials at the
various PWCs.

A load rating of 50% of nameplate rating was assumed as a representative
average for the Norfolk Navy base. However, load ratings as low as 10% and as
high as 90% have been observed.

Liquid-filled transformers, such as mineral oil, silicone, RTEmp, and
amorphous core, generally demonstrate lower life cycle costs. This is to be
expected, since typically liquid-filled transformers have lower load losses
than dry-type transformers, such as cast coil. Since both load and no-load
costs are heavily dependent on energy costs ($/kwh), liquid-filled
transformers will be cost competitive in a high cost energy environment.

(iii)




Liquid-filled transformers, such as mineral oil, silicone, and RTEmp,
generally have the same load and no-load losses. However, they can
differ substantially in purchase price due to the difference in the costs of
liquids, such as mineral oil and silicone. Amorphous core transformers have
lower no-load losses, and contain either mineral oil or silicone.

Life cycle savings of amorphous core transformers over conventional
silicon steel were also analyzed. These savings can be substantial. For
example, at 90% load rating with a 15% price differential of amorphous core
over silicon steel, a 1500 kVA amorphous core transformer can produce life
cycle savings of nearly $75,000, with a payback in 2-3 years. Payback is the
time required to offset the extra cost of an amorphous core transformer by the
accrued, expected savings in energy costs.

Amorphous core transformers can be purchased at a 30% price differential
over silicon steel transformers when based on guantity discounts. By the mid-
1990s the projected prices of amorphous core transformers will drop to a 15%
price differential, due to further advanced technology, productivity
improvements in manufacturing processes and economies-of-scale.

Installation and transportation costs depend heavily on site-specifics
and environmental constraints, and are ignored in this analysis. For a
"normal" site, a cost of $200 for installation and transportation can be
expected and added to the life cycle costs. Costs for liquid-filled
transformers can be higher, due to the special handling needs and
environmental compliance. Dry-type transformers have generally less
installation costs.

Maintenance costs for distribution transformers are negligible, and are
ignored. Costs, if any, are less for dry-type transformers, which require
annual dusting and cleaning, than for liquid-filled transformers. Liquid-
filled transformers require a periodic check of the temperature and level of
the insulating oil.

Dry-type transformers, such as cast coil, can be very cost-effective,
given that these transformers can be switched on-and-off easily, thereby
reducing overall no-load costs when not in use. The cost reduction, which can
be significant, depends on the load duty cycle. They can also be used indoors
or outdoors without much restriction.

(iv)




TRANSFORMER REPLACEMENT ALTERNATIVES

1.1 Introduction

This is an analysis of transformer replacement alternatives based on the
life-cycle costs (LCC) of non-PCB transformers. The Navy's Public Works Center
(PWC) at Norfolk is evaluating non-PCB transformers which can be used to
replace PCB transformers. To assist the PWC in their evaluation, the Naval
Civil Engineering Laboratory (NCEL) is conducting technical and economic
analyses.

There have been nearly 240 PCB transformers identified so far at the
Naval Base in Norfolk, and these PCB transformers will have to be replaced (or
retro-filled) in order to meet environmental regulations and minimum standards
set forth by the Environmenta!l Protection Agency (EPA).

The PCB transformer explosions at Norfolk and Pearl Harbor have caused
work stoppages and resulted in decontamination costs estimated at $12 and $3
million respectively. Final costs for these incidents at the two Navy bases
could well exceed $55 million, not including potential lawsuits. And recently, -
a similar accident in Guam involving a PCB transformer has been reported.

Thus, in addition to life cycle costs, replacement of PCB transformers
will also include factors relating to safety, efficiency, reliability, and
Navy mission requirements.

1.2 Non-PCB Transformer Alternatives

Eight non-PCB transformer alternatives at 8 different kVA ratings are
evaluated. The 8 transformer replacement alternatives are:

- Mineral Oil

- Silicone OQil

- RTEmp

- Amorphous Core
- Vapor-cooled

- Ventilated Dry
- Sealed Dry

- Cast Coil

The 8 kVA ratings are: 25, 75, 150, 300, 500, 750, 1000, 1500. Except for
25 kVA transformers which are single-phase, the rest are three-phase
transformers.




TECHNICAL COMPARISONS OF TRANSFORMER ALTERNATIVES

2.1 Liquid-filled Transformer Alternatives

The four liquid-filled transformer alternatives evaluated in this study
are: Mineral oil, Silicone, RTEmp, and Amorphous Core.

Typical transformer liquids which are in use, and have been used, are
Polychlorinated Biphenyls (PCBs) or Askarel, Trichlorobenzene,
Perchloroethylene, Freon 113, and Paraffinic hydrocarbons (mineral oil,
silicone oil). Fluid cost differences can vary significantly.

Sound levels of liquid-filled transformers are typically lower. However,
when fans are used in the dry types, there is little difference in the audio
sound levels of liquid-filled and dry-type transformers. Without the use of
fans, liquid-filled units are 5 to 6 decibels (dB) quieter than dry-types. The
particular site of the transformer is relevant as far as the tolerable sound
or noise level. In office buildings, the level of sound is important; however,
where the ambient sound level is already high, such as in a production
facility, sound or noise level from a transformer is practically drowned out.

Liquid-filled transformers can be used indoors or outdoors. However,
greater safety precautions are generally required. A limiting constraint is
the maximum oil temperature. Damage to liquid-filled tanks can cause leaks or
spills which could contaminate soil and ground water. Because of stringent
national, state, and local building codes, oil-filled transformers generally
require fireproof vaults with oil retaining pits. A non-propagating liquid-
tilled unit would require fire prevention measures such as a sprinkler system
and a liquid retaining pit. The extra environmental protection needed in the
case of liquid-filled transformers could increase installation costs.




Mineral Oil transformers require very little maintenance. A periodic
check of the temperature and level of the insulating oil is all that is
usually recommended. Moisture and oxygen affect the quality of the insulating
oil. Moisture reduces the dielectric strength and oxygen helps form sludge.
Isolation of the oil from the air by using an inert gas, such as nitrogen,
above the surface of the oil in a sealed transformer tank eliminates this
source of possible trouble.

Silicone transformers are generally safer and more efficient than oil-
filled. This is because the silicone liquid is chemically inert reducing the
need for maintenance. It is also less flammable with no combustible toxic by-
products. It possesses high chemical stability and being a clear liquid it
enables visual checks for foreign residues. It is also electrically and
thermally very stable.

RTEmp transformers use a highly refined paraffinic oil that is
biodegradable, non-bicaccumulating, and non-toxic. Unlike silicone, the units
are usually smaller in size and weigh less. Like most liquid-filled
transformers, RTEmp transformers can be used in damp, dusty, and corrosive
environments unlike the ventilated dry-type transformers.

Amorphous core transformers are liquid-filled with mineral oil or
silicone. This is an emerging technology, and is in the "maturity" stages of
the product life cycle and has entered the commercialization phase. Amorphous
core transformers are said to have no-load losses about one-third that of
silicon steel losses. The technology is being applied in the lower kVA ratings
(10-50C kVA) using wound core technology. Over the next few years, this new
technology will be applied to higher kVA ratings using wound and stacked
cores. The application to dry-type transformers will be made later on since
the dry-type market at present does not typically justify the incremental cost
of efficiency gains.

2.2 Dry Transformer Alternatives

Four types of dry transformer are considered. These are: Vapor-cooled
(Freon 113, chloroflurocarbons); ventilated-dry (use of ambient air for
cooling and dielectric strength); sealed-dry (use of fluorocarbon gas); and
cast coil (windings are encapsulated in epoxy ~Class F material - or polyester

Class H).

Where the risks from accidental spills from liquid-filled transformers
are high (eg. near and around agriculture or waterways), dry-type transformers
are preferred. Initially, dry-type units were installed outdoors, but greater




flexibility in location is now possible. They can be hung from joists, located
on rooftops, or simply placed along walls. In fact, given the extra hidden
costs of regulatory compliance of needing vaults, the danger of spills, the
flammability of most liquids in liquid-filled transformers, dry-type units can
be just as good or better indoors as liquid-filled.

Vaporecooled transformers usually contain liquid Freon 113. It is non-
flammable and has no flashpoint, no firepoint, and is non-flammable in air.
When rated 35 kv or below, these transformers can be installed indoors.
However, proper ventilation is required as a precaution against vapor leaks.
It is also possible that toxic gases such as chlorine and phosgene are
produced during thermal decomposition and "arcing."

Also, checking of the dielectric in preventive maintenance is difficult, and
care is needed for "cold starts" in temperatures below -20°F. It is
comparably larger and heavier than most liquid-filled units.

Ventilated transformers can be used indoors or outdoors, They require a
constant flow of clean, dry air to cool the windings. Generally, they are not
used where core and coil may be exposed to corrosive fumes, liquids (dew) or
severe dust.

Sealed dry-type transformers provide the necessary protection for core
and coils in damp, dusty, and corrosive environments. Cast coil dry
transformers, non-ventilated and sealed gas-filled units can be used also in
severe and hostile environments.

Cast coil transformers have their windings encapsulated in epoxy - Class
F material - or polyester - Class H. They cost and weigh more than comparable
liquid-filled units. However, life cycle costs can be lower. The greater
weight of the epoxy structure provides robustness and added strength against
mechanical shock and vibration.

A cast coil transformer can be started cold, immediately switched on from
a "de-energized” state even in humid conditions, which is a distinct advantage
over other transformer types. As a consequence, no-load losses when the
transformer is not in use can be avoided, thus reducing no-load loss and life
cycle costs.

It has a high overload capacity as compared to liquid-filled units. This
enables the cast coil to be overcharged for a short duration which is
considerably greater than for oil-immersed transformers.




Generally, dry-type units require less maintenance. Annual cleaning by
suction is sufficient. Cast coil has a fairly low noise level which makes it
suitable for residential areas and buildings. However, the most distinct
advantage of a cast coil transformer is that it can be readily switched on-
and-off depending on usage, cutting down on no-load losses when not in use,
which can result in lower life cycle costs.

2.3 Key Technical Parameters

There are a number of key technical parameters that affect costs related
to purchasing, installing, operating, and maintaining transformers. They are:

Location and Environment

Transformer Weights, Dimensions, and Design

Electrical, Mechanical, Chemical, and Material Characteristics
Transformer Losses and Efficiency

Transformer Life Expectancy and Reliability (Failure Rate)
Distribution .System Configuration (Load Cycles, Load Factor, etc.)

0 0 0 0 0 ©

Some of the above parameters are interrelated. Important items not
previously addressed will be stated below.

2.3.1 Reliability and Life Expectancy

Reliability and life expectancy are often a function of the transformer
insulation system. Insulation failure is usually a function of heating which
is caused by the loading practices of the user. Thus, deterioration of the
insulation system is the result of temperature and time. When the Basic
(insulation) Impulse Level (BIL) is reduced, the impedance rating is decreased
and short-circuit current surges can then lead to winding insulation rupture.

Insulation breakdown is reported as the primary cause of failure, and
most transformer failures are caused by factors not related to normal
deterioration from age [3]. In surveys, it is estimated that only about 13% of
the failures are attributed to normal wear and tear of transformer aging; the
remaining 87% is due to poor maintenance, negligence, and unavoidable external
causes. Transformer life expectancy under normal conditions can be in excess
of 30-40 years. The life expectancy of a typical transformer can be
statistically estimated using the so-called "bathtub® probability distribution




of failure, and from distributions in the statistical theory of reliability.
These distributions are useful when "changeout" or replacement timing of
transformers is considered. Exhibits 1 and 2 provide survey statistics of
transformer failure [3]. Failure here is defined as any or any combination of
the following:

0 partial or complete shutdown, or below standard operation

o unacceptable performance of user's equipment

o operation of the electrical protective relaying or emergency
operation of the electrical system

o de-energization of any electrical circuit or equipment

2.3.2 Load Losses, Voltage Class, and Efficiency

Perhaps the most important physical parameter that directly affects life
cycle costs is that of power losses. There are 4 kinds of losses. They are:
load losses, no-load losses, reactive losses, and regulation losses.

Load losses are caused by electrical resistance in the transformer
windings. Load losses are referred to as 12R losses or "winding" losses.
Losses vary with the square of the load current. Transformers having the
largest conductor (greater capacitance or lower resistance) will have the
lowest load loss for the same load. Load losses occur primarily at peak load
periods.

No-load losses are core losses which represent the energy required to
magnetize the transformer core. Transformers with larger conductors (lower
thermal ratings) require larger cores and have larger no-load losses. Core
losses are constant and are independent of the load. Typically, liquid-filled
units have smaller cores and consequently have low no-load losses. Ventilated
dry-type transformers have higher no-load loss because they require larger
cores.

Reactive losses are a measure of the efficiency of design and management
of reactive volts-amps or VAR.

Regulation losses are caused by the voltage drop as current flows in the
transformer. Regulation losses like reactive losses are typically
insignificant, and often ignored in cost evaluations. Compared to total
transformer and power loss costs, regulation loss cosi is less than 3.0% [4).




Voltage class is another important parameter. For dry-type transformers,
voltage classes up to 34.5 KV with BiLs up to and above 150 KV have been found
to be suitable in certain applications. Houston Lighting & Power Co., for
example, found that increasing distribution voltage from 12.47 KV to 34.5 KV
reduced transmission costs by 32.5% and substation costs by 24.3%. Power
losses in a typical circuit were reduced by 85% [5]. A typical load center
transformer has the following characteristics: 1500 kva; 95 kV BIL; 13.8 KV;
good overload capacity; and 98.5% efficiency. It is important that
transformers be corona-free at working voltages, since corona effects
interfere with radio frequency and TV.

Efficiency is a measure of effectiveness or performance. With respect to
transformers, it is the energy out of the transformer expressed as a
percentage of the energy into the transformer. Efficiency significantly varies
with loading conditions. Dry-type transformers where a loss ratio (Full Load
Loss/No-Load Loss) of nearly | implies loading at 100% rating for maximum
efficiency, liquid-filled transformers having loss ratio of nearly 4 to 6
implies 50-75% loading for maximum efficiency. Exhibit 3 shows some typical
efficiency curves.

2.3.3 Load Duty Cycle

Load Duty Cycle is an important parameter. Exhibit 4 shows typical load
profiles. Life expectancy and efficiency depend on them. Loads must be
evaluated in terms of the "hot spot®™ temperature of the windings. The hot spot
temperature represents the worst (highest) temperature the insulation system
is subjected to. The hot spot temperature is the sum of the ambient
temperature, the winding temperature rise, and the hot spot gradient. The
ambient temperature is not a function of loading, but the winding temperature
and the hot spot gradient are directly related to loading. Since transformer
life is a function of temperature and time, a parameter such as the ®winding
time constant® establishes the thermal curve for the windings with respect to
time. By definition, the winding time constant is the time required for the
winding to attain 63% of its total temperature rise starting at zero load with
rated voltage, frequency, and load applied.

The smaller the winding time constant, the sooner the transformer's
windings will reach the continuous temperature rise for a given load. The hot
spot gradient also follows the same thermal curve as the winding temperature
rise. Each load will generate a different thermal curve. Exhibit 5 provides a
graphical view of a typical thermal curve for the transformer windings with
respect to time. The bottom part of the exhibit shows a superimposition of the




load duty cycle and the hot spot temperature curve, which represents the
relationship of the two. The average time constant with aluminum windings is
generally about half the time for copper windings. Aluminum windings are
sometimes used since they are lighter than copper - the specific gravity of
aluminum is only about 30% of copper - and are not subject to volatile price
fluctuations. However, the electrical conductance of aluminum is only about
63% that of copper.

From an economic perspective, it might be necessary that transformers be
purchased in a size that is determined on the basis of its load loss/no-load
loss ratio with the average load near the point of maximum etficiency, which
may be 50-75% of its rated output. Needless to mention that load duty cycles
are very important, yet other economic parameters like the interest rate, cost
of energy, etc. also impact the economics of transformer alternatives.

Exhibits 6 and 7 provide basic physical data on the transformer
alternatives used in this comparison.




Exhibit 1

INITIATING COMPONENT FAILURE

COMPONENT

Winding Insulation breakdown

Tronsient overvoltoge disturbance
(switching surges, arching ground fault, etc)

Insulation bushing breakdown

Mechonicol breoking, crocking, loosening,
cbroding or deforming of static or
structural ports

Loose connection or termination

Other insulotion breackdown

Molfunction of protective relay control
device or auxiliory device

Improper operating procedure
Overheating

Mechanical burnouts, friction or
seizing of moving parts

Mechanically caused domoge from
foreign source

Shorting by birds, snakes, rodents, etc.
Shorting by tools or other metal objects
Continuous overvoltage

Others

FAILURE %
29.1
16.4

13.6
7.3

7.3
5.4
4.5

3.6
2.7
2.7

2.7

2.7
0.9
0.0
0.9




Exhibit 2

FAILURE CONTRIBUTING CAUSE

CAUSE

Persistent overloading

Abnormal temperature

Exposure to aggressive chemicals,
solvents, dust, moisture or other
contaminants

Normal deterioration from oge

Severe wind, rain, snow, sleet or
other weather condition

Lock of protective device
Molfunction of protective device
Loss, deficiency, contomination or

Improper operating procedure or
testing error

Inadequate maintenance
degradotion of oil

Exposure to non-electrical fire or
burning

Obstruction of ventilation by foreign

object or material

Improper setting of protective device

Inodequate protective device

Others

FAILURE %
1.1
5.5
14.4

13.3
4.4

2.2
7.8
10.0
3.3

7.8
0.0
0.0

0.0
0.0
30.0
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Exhibit 3

TYPICAL EFRICIENCY:

Efficiency 15 the energy out of the transformer expressed
& & percentage of the energy imo the wansformer The

following curves e representauve of typwcal efficiency
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Exhibit 5

WINDING TIME CONSTANT

The winding ume constant establishes the thermal curve for the windings with respact 10 tme ‘I'heldbvm.ﬁgun
shows 3 comparaon of the thermal curves for a typacal bqud-filied transformer’s windings vs & Power Cast's windings at

ratad load.
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Exhibit 6

BASIC PHYSICAL DATA

TRANSFORMER TEMP. BIL NO-LOAD LOAD FAILURE
TYPE RI1SE(0oC) (kV) LOSS (kw) LOS S (kw) RATE(%)
25 kVA
Mineral Oil 65 95 0.060 0.220 0.3

Silicone 65 95 0.060 0.220
RTEmp 65 95 0.060 0.220
Amorphous Core 65 95 0.018 0.242 0.2
Vapor-cooled -- -- cewe .- .-
Ventilated-cry .- .- cee= e --
Sealed-dry -- .- -ee- --e .-
Cast Coil 100 95 0.350 1.200 c.!
75 kVA
Mineral Oil 65 95 0.131 0.609 c.2
Silicone 65 95 0.131 0.609 0.2
RTEmp 65 95 0.131 0.609 0.2
Amorphous Core 65 95 0.037 0.745 0.2
Vapor-coolec -- -- - --- --
Ventilated-dry .- -- .- --- --
Sealec-dry -- .- --- --- --
Cast Coil 100 95 0.450 1.800 0.1
150 kVA
lineral Oil 65 95 0.29! 1.097 0.3
Silicone 65 95 0.29! 1.097 0.2
RTEmp 65 95 0.291 §1.097 0.2
Amorphous Core 65 95 0.099 1.122 0.2
Vapor-cooled -- .- .-~ .-- --
Ventilated-dry -- .- .- --- --
Sealed-dry -- -- --- --- --
Cast Coil 100 95 0.800 2.6C0 c.!
300 kVA
Mineral Oil 65 95 0.535 1.786 c.3
Silicone 65 95 0.535 1.786 0.2
RTEmp 65 95 0.535 1.786 0.2
Amorphous Core 65 95 0.165 1.857 0.2
Vapor-cooled .- -- - .- --
Ventilated-dry -- -- --- .- --
Sealed-dry -- -- ce- --- --
Cast Coil 100 95 1.100 3.700 0.1

NOTEAIl losses are not guaranteed, but are typical estimates. Failure rates
are based on NEMA statistics.
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Exhibit 7

BASIC PHYSICAL DATA

TRANSFORMER TEMP. BIL NO-LOAD LOAD FAILURE
TYPE RISE(°C) (kV) LOSS(kw)  LOSS(kw)  RATE(%)
500 kVA
lineral Oil 65 95 0.610 3.153 0.3
Silicone 65 95 0.610 3.153 0.2
RTEmp 65 95 0.610 3.153 0.2
Amorphous Core 65 95 0.230 3.192 0.2
Vapor-cooled 45 95 1.400 5.400 0.5
Ventilated-dry 80 95 3.500 5.700 1.2
Sealed-dry -- -- ~e- --- --
Cast Coil 100 95 1.700 6.200 c.!
750 kVA
Mineral Oil 65 95 0.897 4.388 0.3
Silicone 65 95 0.897 4,388 0.2
RTEmp 65 95 0.897 4.388 0.2
Amorphous Core 65 95 0.314 4.399 0.2
Vapor-cooled 45 95 1.816 5.814 0.5
Ventilated-dry 80 95 4.600 7.700 1.2
Sealed-dry 120 95 3.000 9.000 6.2
Cast Coil 100 95 2.100 7.800 0.1
1000 kVA
Mineral Oil 65 95 1.033 5.843 0.3
Silicone 65 95 1.033 5.843 0.2
RTEmp 65 95 1.033 5.843 0.2
Amor phous Core 65 95 0.400 5.484 0.2
Vapor-cooled 45 95 1.861 8.520 0.5
Ventilated-dry 80 95 6.000 8.200 1.2
Sealed-dry 120 95 3.900 11.900 0.2
Cast Coil 100 95 2.800 8.100 0.1
1500 kVA
Mineral Oil 65 95 1.409 8.934 c.3
Silicone 65 95 1.409 8.934 0.2
RTEm 65 95 ].409 8.934 0.2
Amorphous Core 65 95 0.568 7.213 0.2
Vapor-cooled 45 95 2.269 11.132 0.5
Ventilated-dry 80 95 8.000 9.600 1.2
Sealed-dry 120 95 5.000 11.500 0.2
Cast Coil 100 95 3.800 11.000 0.1

NOTE: All losses are not guaranteed, but are typical estimates. Failure
rates are based on NEMA statistics.

15




COST COMPARISONS OF TRANSFORMER ALTERNATIVES

3.1 Key Cost Parameters

Like the technical parameters stated in the previous section, there are a
number of key cost and economic parameters.

*Cost" has a larger connotation in the economic sense than in the
engineering use of it. From a purely cost-benefit point of view, "cost" can be
defined, more generally, as adverse impacts, and "benefits" as desirable
impacts.

®*Cost" can be construed in several contexts or categories, such as:
direct or indirect; intended or unintended; short-term or long-term;
quantifiable and unquantifiable; tangible or intangible; certain or
probabilistic; internal or external.

The scope of this analysis is limited (narrowly) only to a few direct
(engineering-type) costs and a deterministic evaluation of life cycle costs.
Aspects of risk and uncertainty relating to technical and cost parameters are
ignored. Key cost parameters are the following:

o Environmental costs (record-keeping; special handling and disposal
of spills; compliance of national, state, and local regulations and
laws, such as the Resource Conservation and Recovery Act, Clean
Water Act; etc.)

o Purchase or Bid Price of the transformer ( may be dependent on
quantity discounts, “special" customers, etc.)

o  Transportation Cost (special handling and freight; transformers are
heavy and weigh several thousands of pounds)

o Installation Cost (might be contingent on indoor or outdoor
application, special site requirements; usually oil-filled
transformers when installed indoors will require a fireproof vault
with oil retaining pit; a non-propagating liquid-filled unit would
require, a fire prevention sprinkler system and a liquid retaining
pit to meet insurance, national, state, and local building codes;
usually dry-type units require lower installation costs for indoor
applications)

16




3.2

Key

Maintenance, Reliability, and Repair Costs (might be higher for
liquid-filled than dry-type transformers; outage or downtime cost
related to lost production or interrupted activity and
backup/emergency procedures)

Operating Cost ( this is primarily to do with load and no-load
losses, regulation and reactive losses; load duty cycle is important
for load loss evaluation as discussed in section 2.3.3)

System Investment Cost ( Plant generation cost; transmission and
distribution costs - primary distribution lines (overhead and
underground), distribution substations, etc.)

Fixed and Switched Capacitor Cost (no-load and load reactive losses
for distribution transformers are usually supplied by fixed and
switched capacitors respectively, which are installed on the primary
distribution feeders)

Economic Parameters

Key economic parameters are the following:

Escalator rate for energy cost. The unit cost of energy will depend
on real supply-demand changes over time (in the case of transformers
the timespan is over 30-40 years which makes forecasting difficult,
if not impossible) and general inflationary expectations, which
might also prove to be just as risky and uncertain. The electricity
price is a relative price in that it is elastic to the price of oil.
Since a barrel of world oil is denominated in U.S dollars, the price
of oil has recently fallen both in nominal and real terms because of
temporary world oil surplus, a depreciating U.S. dollar on world
currency exchanges, and U.S. inflation. The price of electricity
might still rise due to a growing dependence on nuclear power, where
environmental regulations and long delays in nuclear plant
construction translate into increased costs that will be reflected
in the rate base.

Escalator rate for labor and materials would generally be reflected
in the purchase price of the transformer; however, because of
purchase delays and market volatility in the price of commodities,
such as copper, aluminum, and chemicals, planning and implementation
of purchase and replacement strategies become difficult.
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Rate of Technological Development is also relevant to the scheduling
decision of buying now or postponing the purchase until such time that
new and better technology becomes available. To address this problem,
a technological assessment would be needed.

Interest or discount rate (the cost of capital) is required for
computing the present values of life cycle costs. For this purpose, a
nominal risk-free discount rate of 10% is used as the government's
cost of capital. Nominal dollars rather than real (or constant)
dollars are used throughout the evaluation.

3.3 Key Assumptions

The following assumptions are made for computing life cycle costs.

(o)

25 kVA rated transformers are single-phase; all others are three-
phase.

All estimates are point ("most likely" or average) estimates. Interval
or, still better, probability distributions, whether subjective or
objective, would provide a more rigorous and realistic basis from
which practical conclusions may be drawn. However, this would entail
methodologies of risk and uncertainty which go beyond the scope of
this effort.

A time span (life cycle or life expectancy) of 30 years is assumed for
all transformers. This is a reasonable assumption supported by
historical data. However, this life cycle or, more precisely, the
physical life cycle is also assumed to be coincident with the economic
life cycle and product life cycle of all the different types of
transformers.

There will be no failures, outages, downtime, or repairs (100%
operating reliability) during the life cycle of 30 years.

Transformers are assumed to be operated at 50% of full load (nameplate
rating) of each transformer. This is the average loading estimate at
Norfolk Naval Base. However, some transformers may be operating as low
as 10% of nameplate rating and others as high as 90%.

There are several sizes (kVA) of transformers in the PWC-Norfolk and
NSY-Norfolk. Histograms showing the variation in kVA size are given in
Exhibit 8. For the purpose of this effort, the kVA sizes considered
are: 25, 75, 150, 300, 500, 750, 1000, i500.
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All prices (costs) are in current (end-of-year) 1988 or nominal U.S.
dollars.

A risk-free, constant discount (or interest) rate of 10% compatible
with government guidelines is used.

The escalator rate for the unit cost of energy ($/kwh) is assumed to
be 5% consistent only with the projected rate of inflation of 5% over
the long-term, ie. 30 years. In other words, the cost of energy will
be pegged only to the rate of general inflation, while excluding any
supply/demand changes in the price of energy. If energy costs were to
increase from $0.06/kwh to $0.12/kwh, life cycle savings would
increase dramatically, from 102% to 125%, and the payback period
(years) would decrease by 50% depending on the size and load rating of
the transformer.

Optimum kVA size selection for each transformer for each particular
application is tacitly assumed.

Transportation, installation and maintenance costs will depend on a
set of unigue characteristics governed by the special needs of each
location. In-place maintenance, operating practices, and particular
applications will vary considerably from site to site. The number of
variables involved make the use of these statistics impractical in
determining life cycle costs.

Reactive and Regulation power losses are ignored, as in most
evaluations of cost, since they constitute less than 3% of total
costs.

Because of the multiplicity of transforme: designs, some of which are
custom-designed, standardization might be only approximate. Thus, true
comparisons with reference to any standard will be subject to some
bias.

Transformer prices will remain constant, which might be hard to defend
if purchasing delays are anticipated. Since raw material inputs, such
as copper, might be subject to market forces, changes in market prices
of such inputs will be reflected in the purchase price. However, any
price increase is simply added to the life cycle cost and any decrease
in price is subtracted to update the life cycle cost of any
transformer.




Exhibit 8
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Exhibit 9

[ Copper
(Average spot price in dollars)

$1.40

1.30 Copper’s Recent Surge
Closing price of nearby NY Comex futures
1 .20 contract; month-end data in dollars 8 pound
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Source: Commodity Exchange Inc., New York

GRAIN-ORIENTED SILICON STEEL

Grain-oriented silicon steel is used in the fabrication
of cores. While the production costs of groin-oriented
silicon materials hove generally been rising since 1984, the
octual transoction sales prices of finished product to
monufacturers of tronsformers hove been depressed from
listed prices.

However, these transaction prices in 1988 are beginning
to rise to the level of actual production costs of
fobricating grain-oriented silicon materiols for
manufacturing cores.

Actual tronsaction prices of grain-oriented silicon
finished products to manufacturers of transformers ore
proprietary for competitive reasons.
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3.4 Life Cycle Cost Model

The cost model takes the form of a typical "cash flow" that spans 30
years, which is the assumed life cycle of all transformers under
consideration. The total Life Cycle Cost (LCC) is given by the equation shown
below. Expressions for No-Load and Load losses are also given below. Non-
recurring costs consists of just the purchase price, and recurring costs are
Load and No-load costs.

Life Cycle Cost = Purchase Price + No-Load Loss Cost + Load Loss Cost

No-Load Loss Cost ($) = Energy Cost ($/kwh) # Nc-Load Loss (kw) * 8760
(8760 = Total number of hours in the year)

Load Loss Cost ($) = Energy Cost * [Operating Load/Nameplate Rating)?
* Load Loss * 8760

" Transportation (shipping and handling) and installation costs are not
considered in this analysis, because these costs vary widely and are heavily
dependent on location and site specifics. Also, national, state, and local
environmental and building codes have different requirements and
applicability. For example, an oil transformer installed indoors might require
a fireproof vault with an oil retaining pit and fire-prevention sprinkler
system. By comparison, dry transformers generally require far lesser
installation cost. For a "normal" location and site, a rough estimate of $200
per transformer for installation can be assumed. This can be simply added to
the life cycle cost.

Maintenance costs for distribution transformers are assumed to be zero or
negligible.

Load and no-load losses are the most significant operating cost factors.
No-load losses are constant and do not vary with loading. Load (or copper,
windings, 12R) losses are usually much greater than no-load losses, but these
losses vary as the square of the change in loading. For example [6], a unit
with 10 kW of losses at full load, when operated at 50% of full load will only
have 25% of the full Joad loss.

Suppose the transformer has 10 kW of load losses when operated at 1000

kVA (nameplate rating), and one wishes to know what losses may be expected
when this unit is operated at 500 kVA. The computation is given below.
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(500/1000)2* 10 kW
2.5 kW or 25% (Note: 500/1000 or 50% is the Load Rating)

Load Losses

Conversely, the same unit operated at 1,333 kVA will have the following losses.

(1333/1000)2 * 10 kW
17.769 kW

Load Losses

which indicates that losses have increased 77.69% for a 33.3% increase over
the nameplate rating. Overloading does significantly increase losses. However,
continuous overloading is usually not the case. If the transformer, on the
other hand, is usually underloaded, then it is clear from the numerical
example above that load losses are reduced as the inverse square, and no-load
losses gain in importance since they are independent of whatever load.

3.5 Life Cycle Cost Comparisons

Transformer prices are shown in Exhibit 10. Life Cycle Costs summaries
are given in Exhibits 11 through 14. The present values of these life cycle
costs are also included.

Potential life cycle savings of amorphous metal core transformers over
conventional silicon transformers are shown in Exhibits 15 through 17. Life
cycle savings are shown at $0.06/kwh and $0.12/kwh for 10%, 50% and 90% load
ratings. Price differentials are at 15% and 30%.

Payback periods for recouping the extra investment cost (price
differential) of amorphous core transformers over silicon transformers by the
expected savings in load and no-load costs are also given. Graphical examples
of life cycle savings and payback periods for 25 kVA, 300 kVA, 1000 kVA, and
1500 kVA transformers are shown in Exhibits 18 and 19.
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Exhibit 10

TRANSKRVER PRICE LIST

TRANSRKCRMER PRICES (1988$)

TYPE (See Note 6 below) 25 kVA 75 kVA 150 kVA 300 kVA
Mineral Oil 650 2,300 6,200 10,500
Silicone 884 7,616 8,432 14,280
RTBrp 871 7,504 8,308 14,070
Avorphous Core 800 2,990 8,060 13,650
Vapor-cooled =e= eesee eemee eeeees
Ventilated-dry e T I P P
Sealed-dry -~ e
Cast Coil 11,769 12,242 14,420 20,644
TRANSRKORMER PRICES (1988$)

TYPE 500 kVA 750 kVA 1000 kVA 1500 kVA
Aineral Cil 12,600 14,600 17,900 21,500
Silicone 17,136 19,856 24,344 29,240
RTBmp 16,884 19,564 23,986 28,810
Amorphous Core 16,380 18,980 23,270 27,950
Vapor-cooled 17,000 18,500 19,200 22,600
Ventilated-dry 20,100 21,500 24,300 32,300
Sealed-dry eee-- 49,600 55,600 67,100
Cast Coil 25,094 32,107 37,323 31,600
NOTES

I. List prices of mineral oil, silicone, and amorphous core transformers
are based on "quantity discounts”" of at least 10 identical
transformers that must be purchased in order to obtain the discounted
prices.

2. Prices of amorphous core transformers are 30% higher than those of
mineral oil transformers. The price gap is expected to narrow to about
15% in the next 5 years or so.

3. Purchase prices quoted here are average price estimates, which are
subject to variation depending on design and manufacturing
improvements and productivity, inflation, supply-demand and general
market conditions at the time of purchase.

4. Prices quoted here do not include shipping, handling, and
installation, as these relate to particular customer requirements,
location, and site specifics. A rough estimate of about $200 per
transformer can be assumed for shipping, handling, and installation
for a "normal" operation.

5. Prices are valid only for standard HV/LV ratings, percent impedances
(eg. 4.4), reference temperatures (eg. 65°C rise), standard design and
typical loss data.

6. All transformer types are 3-phase, except for 25 kVA transformers.
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Exhibit 11

LIFE CYCLE CQOSTS SUMMARY

TRANSFORMER PURCHASE NO-LOAD LOSS LOAD LOSS TOTAL CQOST($)
TYPE PRICE (§) QOST($) /PV ®ST($)IPV PV
Mineral Oxl 650 2,095 1,921 4,€6¢
475 435 1,559
Silicone Oil 884 2,095 1,921 4,900
475 435 1,793
RTEmp 871 2,095 1,921 4,887
475 435 1,780
Amor phous Core 800 629 2,113 3,541
142 478 1,421
Vapor-cooled --- .-~ cee eeeee
Ventilated Dry --- ces cee  eeeea
Sealed Dry .- cee cee  eeaa-
Cast Coil 11,769 12,222 10,476 34,467
2,768 2,373 16,909
( 75 kVA Transformers )
Mineral Oil 2,300 4,575 5,317 12,191
1,036 1,204 4,540
Silicone Oil 7,616 4,575 5,317 17,507
1,036 1,204 9,857
RTEmp 7,504 4,575 5,317 17,395
1,036 1,204 9,744
Amorphous Core 2,990 1,292 5,544 9,826
293 1,235 4,538
Vapor-cooled = eecec = eeeee ceeea eeee-
Ventilated Dry cesee eseee eeeee eeee-
Sealed Dry = eceee  eece-s ceepe eee--
Cast Coil 12,242 15,714 15,714 43,670
3,559 3,559 119,360

( 25 kVA Transformers )




Exhibit 12

LIFE CYQ.E COSTS SUMMARY

( 150 kVA Transformers )

TRANSFORMER PURCHASE NO-LOAD LCSS LOAD LOSS TOTAL QOST(S)
TYPE PRICE (%) QOST(S) /PV COST($) /PV /PV
Mineral Qil 6,200 10,162 9,577 25,929 -
2,301 2,169 10,67C
Silicone Qil 8,432 10,162 9,577 28,171
2,301 2,169 12,962
RTEmp 8,308 10,162 9,577 28,047
2,301 2,169 12,778
Amorphous Core 8,060 3,457 9,795 21.312
783 2,218 11,061
Vapor-cooled = = ----- s=es=  eeees ceeea-
Ventilated Dry = eecceec eeeee eeeee ceiens
Sealed Dry = eeceee eecee amees eeena-
Cast Coil 14,420 27,936 22,698 65,054
6,327 5,140 25,887
( 300 kVA Transformers )
Minera! OQil 10,500 18,682 15,592 44,774
4,23] 3,531 18,262
Silicone Oil 14,280 18,682 15,592 48,554
4,231 3,531 22,042
RTEmp 14,070 18,682 15,592 48,344
4,23] 3,531 2),832
Amorphous Core 13,650 5,762 16,212 35,624
1,305 3,671 18,626
Vapor-cooled <ceve- = eceee ecee- eeeo--
Ventilated Dry  =~-=ee= = eccee = eseee  e-ee--
Sealed Dry = eece-- ee-ee esee- eseee-
Cast Coil 20,644 38,412 32,301 9],358
8,699 7,315 36,658
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Exhibit 13
LIFE CYQLE QOSTS SUMWARY

{ 500 kVA Transformers )

TRANSFORMVER PURCHASE NO-LOAD LOCSS LOAD LOSS TOTAL QOST($)
TYPE PRICE (9$) QOST($) /PV Q)ST(S)/PV [PV
Mnneral Oxl 12,600 21,301 27 526 61,427
4,824 6,234 23,658
Silicone Qil 17,136 21,301 27,526 65,963
4,824 6,234 28,194
RTEmp 16,884 21,301 27,526 65,711
4,824 6,234 27,942
Amorphous Core 16,380 8,032 27,866 52,278
1,819 6,311 24,510
Vapor-cooled 17,000 48,888 47,142 113,031
11,072 10,676 38,748
Ventilated Dry 20,100 122,221 49,761 192,082
27,679 11,269 59,049
Sealed Dry = eceee- ceemee caee=e ecee--
Cast Coil 25,094 59,364 54,126 138,585
13,444 12,258 50,796
( 750 kVA Transformers )
Mineral Qil 14,600 31,323 38,308 84,231
7,094 8,675 30,369
Silicone Qil 19,856 31,323 38,308 89,487
7,094 8,675 35,625
RTEmp 19,564 31,323 38,308 89,195
7,094 8,675 35,333
Amorphous Core 18,980 10,965 38,404 68,349
2,483 8,697 30,160
Vapor-cooled 18,500 63,415 50,757 132,672
14,362 11,495 44,356
Ventilated Dry 21,500 160,633 67,221 249,355
36,378 15,224 73,102
Sealed Dry 49,600 104,761 78,571 232,931
23,725 17,794 91,119
Cast Coil 32,107 73,333 68,095 173,534
16,608 15,421 64,136
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Exhibit 14

LIFE CYQLE QOSTS SUMMARY

Mineral Qil

Silicone OQil

RTEmp

Amor phous Core

Vapor-cooled

Ventilated Dry

Sealed Dry

PURCHASE

PRICE ($)

( 1000 kVA Transformers )

NO-LOAD LOSS
cnsr(S)/Pv

209,552
47,450

136,189
30,843

97,777
22,143

TOAD LOSS
QOST($) /PV

103,888
23,527

TOTAL CQOST(S)
/PV

104,982
37,62}

111,426
44,065

111,068
43,707

85,114
37,276

158,567
50,762

305,408
87,962

295,677
109,970

205,813
75,481

L AR R R YR ETEIEEE XX R LAY R REREEREERXE W ELEERETREREEE YR XL E T TR RN RN RN R S

( 1500 kVA Transformers

cogeocascageeovcscacnes cescase aMasscsccscsrvocan aNecssacew Seeeosncccrvrevoecravcasrr e e

Mineral OQil

Silicone Oil

RTEmp

Amorphous Core

Vapor-cooled

Ventilated Dry

Sealed Dry

Cast Coil

22,600

32,300

67,100

31

»600

279,362
63,267

174,601
39,562

132,697
30,052

100,396
22,736

96,031
21,748

148,697
50,306

156,437
58,046

156,007
57,616

110,755
46,703

199,017
62,553

395,471
114,547

342,097
129,378

280,328
103,400
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Exhibit 15
SAVINGS : AMORPHOUS METAL OVER CONVENTIONAL SILICON

@ 1% Price Differential; Load Rating @ 10% Naveplate)

kVA  Price Diff- Life Cycle PV Savings Payback
erential Savings ($) ($) (Years)
(%) 6c/kwh  12c/kwh é6c/kwh l2c/kwh 6c/kwh 12c/kwh
25 98 1,361 2,820 233 563 4-5 2-3
75 345 2,928 6,202 396 1,138 6~7 3-4
150 930 5,766 12,462 586 2,103 7-8 4-5
300 1,575 11,321 24,216 1,345 4,266 6-7 3-4
500 1,890 11,366 26,622 1,112 4,114 7-8 4-5
750 2,190 18,165 38,519 2,420 7,029 6-7 3-4
1000 2,685 19,545 41,775 2,349 7,384 6-7 3-4
1500 3,225 26,744 56,713 3,562 10,349 6-7 3-4

(@ 30% Price Differential; Load Rating @ 10X Nareplate)

kVA  Price Diff- Life Cycle PV Savings Payback

erential Savings ($) ($) (Years)
($) éc/ikwh 12c/kwh  6c/kwh  l12c/kwh  6c/kwh 12c/kwh
195 1,264 2,723 135 466 7-8 4-5
690 2,583 5,857 51 793 10-11 6-7
1,860 4,836 11,532 (344) 1,173 13-14 7-8
3,150 9,746 22,641 (230) 2,691 12-13 6-7
3,780 9,476 22,732 (778) 2,224 13-14 7-8
4,380 15,975 36,329 230 4,839  11-12 6-7
5,370 16,860 39,090 (336) 4,699  12-13 6-7
6,450 23,519 53,488 337 7,124 11-12 6-7

The 15 Price Differential of Avworphous Core Metal transformrers over
Silicon Steel transforrers applies to mid-1990s projected prices based on
current silicon steel transformer prices. This narrowing of the price
gap will result with further advanced technology, productivity
improverents in manufacturing processes, and econanies-of-scale.

The 30% Price Differential of Avorphous Core Metal transformers over
Silicon Steel transformers represents quantity discounts (marginal cost
pricing or "price leverage") on at least 10 transformers with identical
design and characteristics purchased in 1989.

Prices of transformmers are subject to a high degree of volatility based ;
on the wor ld market price of copper (which has risen fram nearly 60 cents
per pound at the beginning of 1987 to $1.65 in Decavber 1988), shifts in
supply-derand for certain types of transfommers than others, general
inflation, and technology irproverents. Since product life cycles are
getting smaller than physical or economnic life cycles resulting fram
constantly changing technology inproverents, corpetetiveness in the
marketplace has increased which favors consurers (buyers).

29
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Exhibit 16
SAVINGS: AMORPHOUS METAL OVER CONVENTIONAL SILICON

(@ 1% Price Differential; Load Rating @ 30% Naveplate)

kVA  Price Diff- Life Cycle PV Savings Payback
erential Savings ($) ($) (Years)
() 6c/kwh 12c/kwh  6c/kwh  12c/kwh  6c/kwh  12¢c/kwh
25 98 1,177 2,452 191 480 4-5  2-3
75 345 2,711 5,766 347 1,039 6-7 3-4

150 930 5,556 12,043 539 2,008 7-8 4-5

300 1,575 10,726 23,026 1,211 3,99 7-8 3-4

500 1,890 11,039 23,968 1,038 3,966 8-9 4-5

750 2,190 18,072 38,335 2,399 6,988 6-7 3-4

1000 2,685 22,554 47,792 3,031 8,747 6-7 3-4

1500 3,225 41,167 85,560 6,828 16,882 4-5 2-3

(@ 3% Price Differential; Load Rating @ 50% Nareplate)

kVA  Price Diff- Life Cycle PV Savings Payback

erential Savings ($) () (Years)

(s 6c/kwh  12c/kwh 6c/kwh 12c/kwh  6c/kwh 12c/kwh
25 195 1,080 2,354 9% 382 8-9 4-5
75 690 2,366 5,42} 2 69 11-12 6-7

150 1,860 4,620 11,113 (391) 1,078 13-14 7-8

300 3,150 9,151 21,451 (364) 2,421 12-13 7-8

500 3,780 2,149 22,078 (852) 2,076 13-14 8-9

750 4,380 15,882 36,145 209 4,798 11-12 6-7

1000 3,370 19,869 45,107 346 6,062 10-11 6-7

1500 6,450 37,942 82,335 3,603 13,657 8-9 4-5

NOIES:

l. The 13 Price Differential of Arorphous Core Metal transfonrers over
Silicon Steel transformers applies to mid-1990s projected prices based on
current silicon steel transforrer prices. This narrowing of the price
gap will result with further advanced technology, productivity
mrproverents in manufacturing processes, and econanies-of-scale.

2. The 30% Price Differential of Arorphous Core Metal transformers over
Silicon Steel transfonrers represents quantity discounts (marginal cost
pricing or "price leverage”) on at least 10 transformers with identical
design and characteristics purchased in 1989,

3. Prices of transforers are subject to a high degree of volatility based

on the wor |d market price of copper (which has risen fran nearly 60 cents
per pound at the beginning of 1987 to $1.65 in Decerber 1988), shifts in
supply-darand for certain types of transformers than others, general
inflation, and technology improverents. Since product life cycles are
getting smaller than physical or econamic life cycles resulting from
constantly changing technology irproverents, corpetetiveness in the
marketplace has increased which favors consurers (buyers).
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Exhibit 17
SAVINGS: AMORPHOUS METAL OVER CONVENTIONAL SILICON

@ \ X% Price Differential; Load Rating @ 90% Nareplate)

kVA  Price Diff- Life Cycle PV Savings Payback
erential Savings ($) ($) (Years)
($) é6c/kwh  12c/kwh é6c/kwh  12c/kwh  6c/kwh  12¢c/kwh
25 98 747 1,591 94 285 6-7 3-4
75 345 2,202 4,749 232 809 7-8 4-5
150 430 5,068 11,065 428 1,787 8-9 4-5
300 1,575 9,337 20,249 896 3,368 8-9 4-5
500 1,890 10,277 22,443 865 3,621 8-9 4-5
750 2,190 17,857 37,905 2,350 6,890 6-7 3-4
1000 2,685 29,574 61,833 4,621 11,926 5-6 2-3
1500 3,225 74,822 152,869 14,450 32,125 2-3 1-2
(@ 30% Price Differential; Load Rating @ 90K Naveplate)
kVA  Price Diff- Life Cycle PV Savings Payback
erential Savings ($) ($) (Years)
() 6c/kwh  12c/kwh  6c/kwh  12c/kwh  6c/kwh  12¢/kwh
25 195 649 1,494 (4) 187 11-12 6-7
75 690 1,857 4,404 (113) bes 13-14 7-8
150 1,860 4,138 10,135 (502) 857 14-15 8-9
300 3,150 7,762 18,674 (679) 1,793 13-14 8-9
300 3,780 8,387 20,553 (1025) 1,731 14-15 8-9
750 4,380 15,667 35,715 160 4,700 11-12 6-7
1000 5,370 26,889 59,148 1,936 9,24 9-10 5-6
1500 6,450 71,597 149,644 11,225 28,900 . 45 2-3
NOTES:
I. The 13 Price Differential of Arorphous Core Metal transformers over

2.

3.

Silicon Steel transformers applies to mid-1990s projected prices based on
current silicon steel transformer prices. This narrowing of the price
gap will result with further advanced technology, productivity
improverents in manufacturing processes, and econamies-of-scale.

The 30% Price Differential of Arorphous Core Metal transformers over
Silicon Steel transforrrers represents quantity discounts (rarginal cost
pricing or "price leverage") on at least 10 transforrrers with identical
design and characteristics purchased in 1989.

Prices of transformers are subject to a high degree of volatility based
on the worid market price of copper (which has risen fran nearly 60 cents
per pound at the beginning of 1987 to $1.65 in Decerber 1988), shifts in
supply-derand for certain types of transformrers than others, general
inflation, and technology improverents. Since product life cycles are
getting smaller than physical or econanic life cycles resulting fram
constantly changing technology iproverents, carpetetiveness in the
marketplace has increased which favors consurers (buyers).
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CONCLUSIONS

Liquid-filled transformers have lower life cycle costs than dry-types. This is
to be expected since typically liquid-filled types have lower load losses than
dry-types. Since both no-load and load loss costs are heavily dependent on
energy costs ($/kwh), liquid-fillec types will be cost competitive in a high
cost energy environment.

Caution must be exercised when selecting liquid-filled transformers. While
liquid-filled transformers typically demonstrate lower load losses, costs of
transportation, installation, and maintenance are generally higher for liquid-
filled transformers than for dry-types. Transportation, installation, and
maintenance costs were not considered in this analysis because of unique but
unknown site-specific needs and applications. The costs of installation and
maintenance can vary widely according to the particular type of application
and site requirements, regulatory compliance, and environmental constraints.
Dry-type transformeres, though noisy and heavier, are robust, have fewer site
and environmental restrictions, and require less maintenance. The relative
electrical characteristics of liquid-filled and dry-type transformers also
need to be evaluated. Cast coil transformers can be immediately switched on-
and-off as required, thus greatly reducing no-load costs when they are not in
use. This comparative advantage of the cast coil transformer can lead to lower
life cycle cost, depending on the load duty cycle.

Econoniies-of-scale apply to amorphous core transtormers with higher kVA
ratings. The savings over a similar mineral oil transformer can be quite
substantial. For example, a 1500 kVA amorphous core transformer with a 15%
price differential over a similar silicon transformer can produce life cycle
savings of nearly $75,000 with a payback period of 2-3 years for a 90% load
rating. With "quantity discounts”, there is at present a price differential of
30% for amorphous core over silicon transformers, which is expected to
decrease to about 15% in the next 5 years or so.

Optimum kVA size and growth of load capacity need to be evaluated. These
parameters were not considered in the analysis. Proper consideration of these
factors depend on overall optimization of the distribution network system.
Thus, a transformer with good overload capacity might be more suitable where
future peak loads will be excessive.

A risk and uncertainty analysis is recommended as a next step because of the
inherent uncertainties, both qualitative and quantitative, of key parameters.
Decision-making in the context of dynamic changes in technology, shifts in
policy and regulation, external influences, and an uncertain long-term
economic and energy future, will at best be fuzzy. A risk anal;sis will help
bring some of these issues into sharper focus.
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APPENDIX

(Spreadsheets)

Summary of Key Facts and Assumptions A-1l

Nomenclature A-2

Mineral Oil

25 kVA A-5

75 kVA A-6

150 kVA A-7

300 kVA A-8

500 kVA A-9

750 kVA A-10
1000 kVA A-11
1500 kVA A-12

Silicone Oil/RTErp
These are the same as for Mineral Oil except for
purchase price.

Amorphous Core

25 kVA A-13
75 kVA A-14
150 kVA A-15
300 kVA A-16
500 kVA A-17
750 kVA A-18
1000 kVA A-19
1500 kVA A-20
Vapor~Cooled

500 kVA A-21
750 kVA A-22
1000 kVA A-23
1500 kVA A-24
Ventilated-Dry

500 kVA A-25
750 kVA A-26
1000 kVA A-27
1500 kVA . A-28
Sealed-Dry

750 kVA A-29
1000 kVA A-30
1500 kVA A-31
Cast Coil

25 kVA A-32
75 kVA A-33
150 kVA A-34
300 kVA A-35
300 kVA A-36
750 kVA A-37
1000 kVA A-38
1500 kVA A-39
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10.

1.

ia.

SUMMARY OF KEY FACTS AND ASSUMPTIONS

Purchase prices of transformers are end-of-year 1988 estimates. Prices of
Mineral oil, Silicone, RTEmp, and Amorphous core transformers are based
on "quantity discounts". Discounts apply to at least 10 identical

transformers purchased at the same time. The purchase prices used in the

analysis for the above-mentioned transformers are the discounted prices.
There is a 30% price differential of Amorphous core transformers over
Mineral oil transformers. This price differential is expected to decrease
to about 15% in the next 5 years or so.

Prices are subject to variation depending on design and technology
improvements, manufacturing productivity, changes in material and labor
costs, general inflation, economies-of-scale, product life cycles, and on
supply-demancd changes for transformers at the time of purchase.

The discount (nominal) rate used is 10% (OMB Circular No. A-76). "Cash
flows" or cost outlays spread over future years are discounted at this
fixed rate to provide a single value at the beginning called the "Present
Value (PV)". The Present Value summarizes the economic value of the costs
and benefits spread over time, of a project, product, or service, as the
case may be. It also makes comparison of alternatives easier and more
meaning ful.

Energy cost escalator is assumed to be 5% compounded annually. This rate
is also assumed to be the inflation rate. In other words, energy cost
growth keeps pace only with general price inflation, without any effects
from real supply-demand changes in electric production and consumption.
Criteria used in the analysis are: Life Cycle Costs (or Costs of
Ownership), Present Value, and Payback.

Transformer Operating Life is assumed to be 30 years, operating for 8760
hours for each year.

Load Rating (LR) is the load on the transformer as a percent of nameplate
rating. An average of 50% is assumed in the analysis. For the sensitivity
analysis of amorphous core over mineral oil (silicon core) transformers,
load ratings of 10%, 50%, and 90% were used.

The only costs included in the analysis are: Purchase cost, no-load and
load loss operating costs. Transportation and installation costs are
heavily dependent on location and site specifics. A rough estimate of
$200 can be assumed for installation per transformer. If actual
transportation, handling, and installation costs are known, these costs
can be simply added to the already computed life cycle costs. Maintenance
costs are zero or negligible for distribution transformers. 1f a
maintenance program is already in-place, a pro-rated cost can be applied
if necessary.

All cash flows (cost outlays) are assumed to occur at the end of each
year, except that purchase cost is incurred at the beginning of the first
year at time zero.

All load and no-load losses are typical and not guaranteed losses at
standard HV/LV ratings (eg. 13,860V-HV, 480Y/277V-LV), percent impedance
(eg. 4.4), reference temperature (eg. 65°C rise), and standard (not low
loss) design.

Failure, breakdown, repair, accident, or any other event causing downtime
is not incorporated in the analysis.

25 kVA rated transformers are single-phase; all others are three-phase.




NOMENCLATURE

EC: Energy Cost ($/kwh; $0.06/kwh for Norfolk)
NLL: No-Load Loss (kw)

LL: Load Loss (kw)

LR: Load Rating %

(defined here as: {Operating Load(kVA)/Nameplate Rating(kVA)}*100)

NLAC: No-Load Annual Cost ($)
LLAC: Load Loss Annual Cost ($)
TAC: Total Annual Cost ($)

CUMTAC: Cumulative Total Annual Cost
CUMNLAC: Cumulative No-Load Annual Cost
CUMLLAC: Cumulative Load Loss Annual Cost

PP: Purchase Price (%)
LCC: Life Cycle Cost
LCS: Life Cycle Savings ($)
PV: Present Value ($)
SPREADSHEET LINE ITEM EXPLANATION
States Transformer type -

(eg. Amorphous core -~ 25 kva)
and purchase price

Item heading and ten year Since the project life cycle is

span heading(s) 30 years, the spreadsheet is
comprised of 3 decade cycles,
with repetitive line items.

Energy cost ($/kwh) The energy cost is assumed to be
$0.06 kwh for the first year and
grows at 5% compound rate for 29
years.

NoloadLoss (LL-kw) This is the rough estimate of
no-load loss for the transformer
which is subject to variation




6.

9.

LoadRating (LR-%)

NoloadAnnualCost (NLAC)

LoadLossAnnualCost (LLAC)

TotalAnnualCost (TAC)

CUMTAC

A-3

because of different manufactuer
designs and production processes,
particular application of the
transformer, and time estimate
was made.

Defined here as the ratio of the
average operating load to the
nameplate rating. For Norfolk,

a 50% load factor is the average,
aithough a low of 10% and a high
of 75% are not unrepresentative.
The load factor of 50% is used
for each year in the computations
of load loss cost.

No-load annual cost is indepen-
dent of load; it is the product

of no-load (core)loss, unit
energy cost and 8760, the number
of hours in a year (assuming core
is energized at all times).

Cost incurred due to loac (wind-
ing or 12R) losses; it is the
product of energy cost, the rated
load losses at full kVA rating,
the load factor squared, and
8760, the total number of hours
in each year.

This is simply the annual aperat-
ing cost, and is the sum of
no-load annual cost and load
loss annual cost.

It is the cumulative tota! annual
cost, obtained by successively
adding the prior total annual
costs upto and including the




10. CUMNLAC

i1, CUMLLAC

12. Life Cycle Cost

13. PV

year of interest.

This is the cumulative no-load

annual cost, and is the sum of
the no-load annual costs of all
years prior to and including the
year of interest.

It is the cumulative load loss
annual cost, and is the sum of
the load loss annual costs of all
years prior to and including the
year of interest

This is the sum of the purchase
price, the no-ioad loss cost, and
the load loss cost; the total no-
load loss cost for the life cycle
is the CUMNLAC for year 30;

CUMLLAC for year 30 is the total

load loss cost for the life cycle.

Present Value; the discount rate
used is 10%.




CASE: DIL - 25 KVA PURCHASE PRICE:  $650
YEAR
1TEN 1 2 3 ‘ 5 b 1 8 9 19
Energy Cost (8/kwh) 0.060 0,082  0.066 0,089  0.073  0.077  0.080  0.064 0055 ¢,
NoLoadLoss (NLL-kw) 0.06  0.06 0,06  0.06  0.06  0.06 006 006 2.0 &
LoadLoss (LL-kn) 22002 0 22 02 0 S SR 5 S
LoadRating (LR-1) 50 50 50 50 50 50 50 50 5 ‘.
NoLoadAnmualCost (NLAD) 3154 33.11 3477 3650  38.337  A0.25 422 AT 4655 4.
LoadLossAnnualCost (LLAC)  28.91 30,35  31.87  33.46  35.14 3685 3874 AG.ef  ALTI 4 ES
TotalAnnualCost (TAC) 0.84  63.47  bb.66  69.97 7347 L1 BLOO 8505 eI oT,
CUNTAC 0.4 127.91 190,55 260.52 333.99 413 #5L.04 0 ST bec.d Tiill:
CUNNLAC 3.5 6465 9947 135.92 17426 21451 256,77 SOLLI4 3ATLT3 O Cee:
CUNLLAC 8.9 59.26 9113 124,80 1S9.73 196,63 235.37 27605 NMETE 3l
YEAR
1TER 1 12 13 14 15 16 17 18 e :
Energy Cost ($/kwh! 0.09  0.105  0.108  0.1!3 0119 0125 0l G.ilf aulds 5
NoLoadLoss (NLL-kw) 0.06  0.66  0.06  0.06  0.06 0.5 0.8 l.bz (3 :
Loadloss (LL-ku) 22 220020 022 03T 2 G eI 6o 3
LoadRating (LR-1) 50 50 50 50 50 5 50 £ 3 <
NoloadAnnualCost (NLACY 51,37  S3.94  S6.63  SO.47  £2.M4  65.56  66.84 72,29 7530 ToS
LcadlossAnnualCost (LLAC) 47.09  49.44 5191  S4.51  S.24 60,10 6310 s.0:  £5.57 LT
TotalAnnualCost (TAC) 98.45 103.38  108.55 113.98 119.67 125.66 13194 130,54 54T 1EI:
CUNTAC BS6.72  962.09 1070.&4 1184.62 1304.29 1429.95 1561.90 1700.43 1BAS.90 190%,s
CURNLAC M8.00  501.96 558.80 618.06 680,50 745,06 B14.9¢ BET.IE  9eT.Of 41"
CUMLLAC 41069  480.13  S12.05 586.56 623.7%  6B3.85  74.99 @315 B3L.8T  €TE°
YEAR
ITEN 21 2 3 ] 2 2 2 W 2 :
Enerqy Cost ($/kwh) 0.15  0.167  0.176  0.184  0.194 0203  0.213  0.224 &2 5047
NoloadLoss (NLL-kw) 0.06  0.06  0.06  0.06  0.06 0.0  0.05 €05  0.06 0.3
LoadLoss (LL-kw) 0.22 2 2 220 020 02 022 an 220
LoadRating (LR-1) 50 50 50 50 50 50 50 56 50 5:
NoloadAanualCost (NLAC)  B83.87  87.86 9225  96.B6 10171 106,79 11213 1174 12343 135.5
LoadLossAnnualCost (LLAC) 76.70 0.4 4.5  88.79  93.23  97.89 10279 107.93 113.32 118.9°
TotalMmnualCost (TAC) 160.38  168.39 176.81 185.66 194.94 204,68 214,92 225.67 236.95 248.8:
CUNTAC 2159.01 2327.41 2504.22 2689.88 2884.82 3089.50 3304.42 3530.09 3767.03 401%.83
CUMLAC 112644 1214.30 130,55 1403.42 1505.12 160190 1724.05 1841.76 1985.41 2095.22
CUNLLAC 1032.57 111311 '1197.67 1286.46 1379.69 1477.59 1580.38 1688.30 1B01.62 1920.5!
LIFE CYCLE COST = PURCHASE PRICE + MO LDAD LOSS COST ¢ LOAD LOSS COST
84,566 : $450 82,095 81,921
P PV PV PV
91,559 650 7S $435




A-6

CASE: OIL - 75 KVA PURCHASE PRICE: $2,300
YEAR
ITEM 1 2 3 4 3 ) 7 8 9 15
Energy Cost (8$/kwh) 0.060  0.063  0.066  0.069  0.073 0,077 0,080 0.084  0.089  {.0°T
NoloadLoss (NLL-kn) 0.131 0131 0,131 0131 0131 0131 0,431 0.131 0.1% RN
LoadLoss (LL-kw) 0,809 0,609  0.609  0.609 0,609  C.609 0,609  0.879 I
LoadRating {LR-1) S0 30 50 50 30 5¢ s L1y s il
NoLoadArnuallost (NLAC) 68.85 72,30 75,91 79.71  8l.4%  BI.ES .27 §4.88 107D el
LoadlossAanualCost (LLAC) B80.02  84.02  86.22  92.464 LAY OHCLIT 10N 112,80 1ELZT 0 iZ4L i
TotalAnnualCost (TAT) 148,83 156,32 1ad 14 172,34 180.95  160.€1 199,51 205,45 219.95 .S
CUNTAC 148.38  30S.20  469.37 641,68  822.67 1012.64 212,15 14Z1.64 1641.55 1870.CC
CUMNLAC 68.85 141.15 217,06 296.77 3B0.46  44B.34  560.6)  65T.49  TTR.Z2 Ges.ll
CUNLLAC B0.02 184,05 252.27 344,91 MAD. 1B 44,31 451,54 78404 B32.IT 1iitEl
YEAR
ITEN ) 12 13 14 o ib 17 12 I° .
Energy Cost (8/kmh) 0.098 0,107 0,108 0.113 019 0125 Q.41 C17E (124 18
NoloadLoss (NLL-kw) 0.131 0,131 0,130 CIL 0031 0JI3Y 0131 00130 1T o
Leadloss (LL-kw) 0,609  0.609  0.6C9  0.60° 0,609  0,80%  0.£39  §,e00  Q.23€ :.§
LoadRating (LR-2) 0 Se S0 50 ¢ 5t 5¢ e R <
No.oadAnnualCost (NLAC: 12,16 17,76 123,65 129.80 136,33 45,44 150,30 157.8r QL0 §TT.e
LoadlossAnnualCost (LLAC) 120,35 135.87 3.70 150.89 158,44 ten.36  1TALGB 1EI.41 192,88 I.I.LL
TotalAnnualCost (TAC) 242,50 254,63 287.3% 2B0.73  294.76  309.50 324,93 34127 13828 Tl
CUNTAC 2115.05 2349.68 2637.04 2917.77 S212.35 352I.04 3BAT.02 A1BS.D4 4546.55 4310.77
CUMNLAC 978.19 1095,95 1219.60 1345.44 [4BC.76 1628.9G 1779.20 193707 210277 Il%e.7!
CUMLLAC 1136.88 1273.73 1417.44 1566.33 1726.77 1893.13 2067.8: 225527 Q447,81 2ed:,
YEAR
ITEN 2 22 8 L 25 26 27 26 29 P
Energy Cost $/kwh) 0.159  0.187  0.176  0.184  0.194 0,203 0.213 0.224 0,233 2
Noloadloss (NLL-kw) 0.131  0.131 0,131 0131 0131 0131 .13 0,131 00131 0132
Loadloss (LL-kw) 0.609 0,609  0.609  0.609  0.405  C.609  0.409 0,609  0.629  (.eu%
“LoadRating (LR-1) 50 50 50 30 50 5¢ 50 50 S¢ G
NoloadAnnualCost (NLAC) 182,69 191.82 201.41 211.49 222,06 233.1¢ 244,82 257.04 249.92 28,41
LoadLossAnnualCost (LLACI 212,32 222.94 234.09 245,79 238.08 270.98 264,53 298.76 31I.70 329.3¢
TotalaAnnualCost (TAC) 395.01 414,76 435,50 457,28 480.14 504.15 529.36 5S.82 58%.81 812.79
CUNTAC SIT.TS 5732.51 b6168.01 425,29 7105.47 7609.58 B8138.93 BA94,75 9278.37 98°1.1%
CUMNLAC 059,40 251,22 27852.64 3064.12 3286.18 3519.35 I764.17 4021.23 4291.14 457458
CumLLAC 2858.35 3081.29 3315.37 3561.17 3819.25 4090.23 4374.77 4b73.53 A987.21 531s.¢)
LIFE CYCLE COST = PURCHASE PRICE + NO LDAD LOSS COST ¢ LOAD LOSS COST
$12,191 : 2,300 $4,575 $5,317
4] PV 4} 4]
$4,540 $2,300 $1,034 $1,204




CASE: DIL - 150 KvA PURCHASE PRICE: 85,200
YEAR
ITEN 1 2 3 ' 5 6 7 8 9 1
Energy Cost ($/kwh) 0.060  0.063  0.066  0.069  0.073 0.077 0.080 0.084  0.989 .95
NoloadLoss (NLL~kw) 0,291  0.291 0,291  0.291  0.291  0.291  0.291  0.291  0.291 0,23
LoadLoss (LL-kw) 1,097 1,087 1.0ST  1.07 1,097  1.087 1,097 1,097 1,097  1,5¢"
LoadRating (LR-1) 50 50 50 50 50 50 L1 50 s 5
NoloadAnnualCost (NLAC)  152.95 160.60 168.63 177.06 185.91 195.21 204.97 1215.22 235.58 277.08
LoadLossAnnualCost (LLAC) 144.15 151.35 158.92 166,67 175,21 183.97 193.17 20280 212.§7 Il.e:
TotalAnnualCost (TAC) 297.30 31195 327.55  353.93 361,12 379.18  39B.14  ALG.04  43E.55  4ci.3c
CUNTAC 297.10  609.05 93659 1260.52 1441.64 2020.87 2415.95 2037.00 3275.64 I7T:.::
CUNNLAC 152.95  313.55 482,17 459.23  BAS.14 1040.35 1245.37 1460.50 1686.50 1931.7%
CUNLLAC 14415 295.50 454.42 621,29 79650 980.47 1173.64 1376.45 158547 1§1T.08
YEAR
1TEN 1 12 13 1 15 16 17 18 19 .
Energy Cost ($/kwh) 0.098  0.103  0.108  G.113 0119 0.125  0.131 €138 G 148 6LifD
NoLoadLoss (NLL-kw) 0.29 0,290 0,291  0.291  0.291  0.290 0.2 (.29t  0.29 25
LoadLoss (LL-kw) 1097 1,057 1,097 1.097  1.097 1097 1,697 1087 .00 1%
LoadRating (LR-1) 50 50 <0 50 50 50 € 5 5 e
NoLoadAnnuallost (NLAC) 249,14 261,80 27448 285.41 302.83 317.97 333.97 350.5¢ 3eG.00 1850
LoadlossAnnualCost (LLAC) 234.80 246.54 258.87 271,81 285.40 295.57 1465 230.38  346.9%  Sed. 2%
TotalAnnualCost (TAC) 483.94 S0B.13  533.54  560.22 S86.23 6lT.64 648,57 88295 TIS.¢O 75A.C
CUNTAC 4220.77 4728.91 S5262.45 5B22.65 6410.89 7C2B.53 7677.05 BISS.00 SCTI.i0 961174
CUMNLAC 2172.92 434,52 2709.19 2997.60 3300.43 3618.4C 3952.27 4302.84 4670.97 SCTT.4C
CUNLLAC 2047.85 2294.39 2553.25 2825.06 3110.46 3410.13 3724.78 40S5.17 4007 47832
YEAR
ITEN 2 2 yad 24 25 2 27 28 29 :
Energy Cost ($/kwh) 0.159  0.167  0.176  0.184  0.194 0,200  0.213  0.224 0,215 0.247
NoLoadLoss (NLL-kw) 0.291 0,291 0.291 0,291  0.291  0.291  0.291  0.291  0.291 .26
LoadLoss (LL-kw) 1,097 1,097 1,097 1097  1.097 1,097  1.097 1,097 1,057  1.0¢
LoadRating (LR-1) 50 50 50 50 50 50 50 50 S0 €
NoLoadAnnualCost (NLAC)  405.82 426,11 4A7.42 469.79 493.28 517,94 543,84 570.05 599.52 635.5¢
LoadlossAnnualCost (LLAC) 382.46 401,58 421.66 442,75 464.88 488.13 S12.54 538,16 565.07 S591.32
TotalAnnualCost (TAC) 788.28 827.70 869.08 912,54 958.16 1006.07 1056.37 1106.19 1164.85 (222,36
CUNTAC 1061203 1143972 12308.80 13221.34 14179.50 1518557 16241,9° 17351.14 18515.79 15735.58
CUNNLAC 5463.25 5889.35 6336.77 6806.56 7299.84 7817.78 8341.6/ 8932.85 9532.23 10161.89
CURLLAC S148.78 5550.35 $972.03 6414.78 6879.66 T367.79 7880.32 BA18.49 896355 957:.82
LIFE CYCLE COST = PURCHASE PRICE + N LOAD LOSS COST + LOAD LOSS COST
$25,939 s %6, 200 $10,162 99,577
» PV PV PV
$10,4670 85,200 82,301 92,169
A-7




CASE: OIL - 300 KvA

PURCHASE PRICE: $10,500

YEAR

ITEN 1 2 3 4 5 6 7 8 0 it
Energy Cost ($/kwh) 0.060  0.063  0.066  0.069  0.C73  0.077 0,080  0.084  ¢,080 {037
NoLoadLoss (NLL-kw) 0.555  0.535 0.535  0.535  0.535 0.535 0.535 0.535 0.5 g.5if
Loadtoss (LL-kw) 1,786  1.786  1.786  1.786 1,785  1.78  1.786  1.78 178 1.7%:
LoadRating (LR-1) 50 50 50 50 50 5¢ 50 S U5 :
NoLoadAnnualCost (NLAC) 281,20 295,26 310,02 325.52 341,80 358.89 376.83 395,87 4IS.4E 4T:.IT
LoadLossAnnuallost (LLAC) 274.68 246.41  258.74 271,67 285.26 299,52 31449  330.22 J4e.TT Isd T
TotalAnnualCost (TAC) 515,88 541,87 S8B.75 597.19 627,05 65B.4C 91,32 725.99  7e218 3.2
CUNTAC 5!5.88 1057.55 1625.30 2223.49 2850.54 3508.95 4200.27 46,16 5685.34 e83%.:
CUMNLAC 201,20 576,45  8B6.47 1211.99 1553.79 912,67 2289.50 2695.17 3105.67 SIS
CUNLLAC 234,68 #R1.0%  739.83 1011.50 1296.7% 156:.2F 1910.77 2240.9% 2T87.7T 233173

YEAs

1TEN 11 12 13 14 15 18 17 £ 19 :
Energy Cost ($/kmk) 0.098  0.1C3  0.108  0.113 0119 0125  0.131  Q.138 0.4 ¢lfD
NoLoadloss (NLL-kw) 0.525  0.835 0,535  0.535  0.5:¢ £5 0515 0.525 oSS o.sls
Loadioss (LL-tw) 1.783 1,765 1.78¢ 1.736 1.786 1.786 1,765 1.785 1,785 Lz
LoadRating (LR-1) £ 50 50 5 50 ) 59 50 50 55
NoLoadAanualCost (NLAC)NRm 455.04  480.54  S04.99 530.24 556,75 584,59  &13.82 64451 478,70 TiLET
LoadLossAnnuallost (LLAC: 382,27 401,38 42145 442,52 464,65 487.85 S512.26 557, 64,79 590,03
TotalAnnualCost (TAC 840.31  BB2.37  926.44 972,75 021,40 107247 1126.09 1152.40 124150 1T1I.5F
CUMTAC 7328.95 8211.27 9137.71 10110.47 11131,87 1220434 13330.44 14512.83 15754.25 17057,65
CURNLAC 3994.89 4475.83 4980.82 5511.06 6047.81 6652.39 7266.21 7910.71 BS3T.A5 92980
CUM-LAC 3334.05 3735.44 4156.89 4599.41 S064.07 SS51.95 084,23 6602.12 Tlee.O) TSR

YEAR

ITEN 2 22 2 4 25 2 by W 2 by
Energy Cost ($/kwh) 0.159  0.167 0.176  0.184 0.1 0,201 0,213 €224 0.235 0.4
NoLoadLoss (NLL-kw) 0.535 0.535 0.5 0.535 0.535  0.535 0.535 0.535  0.53¢  0.53¢
LoadLoss (LL-kw) 1,786 1.786 1.786  1.786 1.78  1.766  1.786 1.786  1.78c  1.78:
LoadRating (LR-1) 50 50 50 50 50 50 50 50 5 5
NoLoadAnnuaiCost (NLAC) 745,10 7B3.40 822.57 843.70 905.89 952,23  999.84 1049.83 1102,17 1157.4¢
LoadLossAnnualCost (LLAC) 622,68 653.81 486.50 720.83 756.87 794,71 B34.45 B76.17 919,96 9:5.%
TotalAnnualCost (TAC)  1368.77 1437.21 1509.07 15B4.55 1463.75 1746.94 1834.29 1926.00 2022.30 2:123.47

2.51 30128.51
n

16422.57

32150.82 34274.25
17524.9C 1848C.54

9,77 13705.94 $4625.92 15391,90

CUMTAC 18426.72 19863.93 21373.00 22957.53 28621.28 26368.22 2820
CUMNLAC 10044.11 10827.51 11650,08 12513.78 13420.47 14372.90 15372.74
CUMLLAC 8382.61 9034.42 9722,92 10443.75 11200.41 11995,33 1282
LIFE CYCLE COST = PURCHASE PRICE + %O LDAD LOSS COST + LOAD LOSS COST

$44,774 s $10,500 $18,682 $15,592

4] PY PV PY

$18,262 $10,500 $4,231 $3,331
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CASE: OIL - 500 KvA PURCHASE PRICE: 12,600

YEAR
ITEN { 2 3 4 b ] 7 8 9 £0
Energy Cost ($/kwh) 0.060  0.083 0,066  0.069  0.073  0.077  0.080 0,084  0.059  (.09C
NoloadLoss (NLL-kw) 0.61 0.61 0.61 0.61 0.6! 0.6¢ 0.61 0.41 0.6! AN
Loadloss (LL-kw) AP0 - MR TS A S T TA SR IO 1A I 5 | S 4 -2 9 1N 70 -1 SR A LA O Lo
LoadRating (LR-I) S0 S0 30 50 30 50 30 S50 3¢ =3

62 336.65 3S3.48  ITI.IS 389.71 409.20 429.66 4SI.14 47370 4STE
.30 435,02 456,77 479.61  502.59 528.77  5S5.21  582.97 612,12 44l.T:
92 771,67 B10.28  B30.7¢  893.30 937.97 984.8s 1034.11 1035.8) i:i,u¢

NoLoadAnnualCost (NLAC) 320
LoadLossAnnualCast (LLAC) 414
TotalAnnualCost (TAC) 734

CunTAC 734,92 1506.59 2316.84 ' 3167.60 4050.90 4998.85 5983.73 7017.87 BI0T.e4 $I4T.TC
CUMNLAC 320,62 657.26 1010.74 1381.90 1771.61 2180.80 2610.45 J06!.62 ISIT.23 4TI
CUMLLAC 414,50 849,32 1306.09 1785.70 2289.29 2818.05 3I7I.27 395s, 24 AS53.35 ililli”
YEAR

ITEN 1 12 13 14 15 16 17 1€ 10 .
Energy Cost ($/kwh) 0.098  0.103  0.108 G113 0119 0.125  0.13! CLIGR 0144 05
Noloadloss (NLL-kw) 0.61 0.61 0.61 0.81 0.6! 0.51 0.6! 0.61 ¢.6! )
Loadlass (LL-kw) 3033 38 S 8 1S3 LIS 38T a8 gt il
LoadRating (LR-I) 50 S0 30 S0 S0 3 30 st a0 :

NoloadAnnualCost (NLAC! S22.25  548.36 973.78  604.57  4834.80 666,54 499.8:  TU4.BE  TTL.ED §il S
LoadLossAnnualCost (LLAC) 674,86 708,60 744,03 781.27 820.29 B8l.31 90437 949,59 997,87 c4: %]
TotalAnnualCost (TAC) 197,11 1255.96 1319.81 13BS.BC 1455.09 1527.85 1604.24 1683445 {TeE.4T 18571

...................

CLATAC 10440.85 11697.8. 13017.83 14403,43 15859,52 1738637 18990, & 2057506 22442.75 2470.8:
CUMNLAC 4554.92 5103.29 S679.07 6283.6% 4918.43 7554.97 B294.83 9016.69 09761,29 [g:il.eT
CUNLLAC 5885.93 4594.53 7338.56 B119.80 B940.09 9801.40 10705.77 11655.37 12652. 44 13635.3:
YEAR

1TEN 2 2 P 2% 2 2 27 29 29 30
Energy Cost ($/kwh) 0.159  0.167  0.176  0.184  0.19%  0.203  0.213 0.2 0.2 &4
NoLoadLoss (NLL-kw) 0.61  0.61  0.81  0.61  0.61 0.0  0.61  0.31 0.6 D.sl
LoadLoss (LL-kw) U530 353 3083 3083 3153 3153 ST IS3 0 RAST .iSS
LoadRating (LR-1) " 50 50 50 50 50 50 50 50 50 €
NoLoadAnnualCost (NLAC)  850.49 893.22 937.89 984.78 1034.02 1085.72 1140.01 1197.01 1256.8: 1119.70
LoadLossAnnualCost (LLAC) 1099.27 1154.24 1211.95 1272.55 1336.17 14G2.98 1473.13 1546.79 162413 17¢5.33
TotalAnnualCost (TAC)  1949.96 2047.46 2149.83 2257.37 2370.19 2488.70 2613.14 2743.79 2880.93 3075.07
CUNTAC 26250.80 28298.26 30448.09 32705.42 35075.61 37564.31 40177.45 42921.24 45802.22 4382725
CURNLAC 1145216 12345.39 13283.27 14266.05 15302.07 16387.79 17527.80 18724.80 19981.65 21501.38
CUMLLAC 1479864 15952.87 17164,82 18437.37 19773.54 21176.52 2264965 24196, 44 2502085 27525.5°
LIFE CYCLE COST = PURCHASE PRICE + N0 LDAD LOSS COST + LOAD LOSS COST

$41,427 s $12,500 $21,301 $27,52

PV Py PV PV

$23,458 $12,400 $4,824 $6,234
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CASE: OIL - 750 KVA PURCHASE PRICE: $14,600
YEAR
1TEN 1 2 3 4 b 6 7 8 9 10
Energy Cost ($/kwh) 0.060  0.063  0.086  0.069  0.073  0.077 0,080 0.084 0,089  (.09C
NoloadLoss (NLL-kn) 0.897 0.897 0.897  0.897 0.897  0.897 0.897  0.897  ¢.e¢? (.98
LoadLoss (LL-kw) 4,388 4.388  4.788  4.388  4.388  4.383  4.188  4.7BR  4.78 4. lEt
LoadRating (LR-1) 50 50 50 30 50 50 50 5¢ 5¢ 1
NoLoadAnnualfost (NLAD)  471.46 495,04 519.79 545,78 3573.07 401.72  431.B1 6e3.40  €9t.57 701.3¢
LoadLossAnnualCost (LLAC) 576.58 &0S.41 &35.68  647.47 700,84 735.88 772,68 R11.31 BS!.B %44
TotalAnnualCost (TAC) 1048.05 1100.43 1153.47 1213.24 1273.91 1337.60 1404.48 474,70 1S4E. 44 12%.3:
CUNTAC 1048.05 2148.50 3303.97 4517.21 5791.12 7128.72 B533.20 10007.91 $1356.35 1313111
CUNNLAC 471,46 966.50 1486.29 2032,07 2605.13 J206.85 3838.66 A4532,05 S198.62 S9I0.01
CUMLLAC 576.58 1182.00 1B17.68 2483.13 3182.99 3921.87 4s%4.55 5505.85 6357.77 72EL.I0
YEAR
ITEN 11 12 13 14 15 18 17 18 15 o
Energy Cost ($/kwh) 0.098  0.103 0.108  0.113  0.11  0.125 .13 0.138  0.144  0.iSC
Noloadloss (NLL-kw) 0.897  o0.897 0,897 0,897 0.897 0.897  0.897 0.897  0.897 0.&*°
Loadloss (LL-kw) 4,388 4,388 4,388 4,388 4,788 4765 4.385  4.788  4.3B2  4.T%:
LoadRating (LR-X) S0 S0 50 %0 50 S0 i< <0 o <.
NoLoadAnnualCost (NLAC)  767.96 806.36 846,68 B8B9.01 933.46  98C.14 029,10 10BC.&0 1134,47 11501.%¢
LoadLossAnriualCost (LLAC) 939.19 986,15 1035.4¢ 1087.20 1141.40 1198.68 1258.61 1221.54 1367.&2 427,00
TotalAnnualCost (TAL) 1707.16 1792.52 1BBZ.14 1976.25 2075.0¢ 2178.8Y 2287.75 240z.14 2522.25 2¢48.7s
CUNTAC 14889.37 16481.89 18564.03 20540,28 22615.34 24794,15 27081.90 29484.04 32005.29 34554.45
CUNNLAC $697.98 7904.34 8351.02 9240.03 10173.50 11153.64 12182.78 13263.38 14398.67 1558°.T¢
CUNLLAC 8191.39 9177.55 10213.01 11300.24 12441,84 13540.51 14899,12 16220.65 17608.28 19¢2E.27
YEAR
1TENM 21 22 23 24 25 2 a7 28 e 3¢
Energy Cost ($/kwh) 0.159  0.187  0:176  0.184  0.194  0.203 213 0228 0.3 gL
Noloadloss (NLL-kw) 0.897  0.897 0.897 0.897 0,897 0.897  0.897  0.897 0.597  (.E%
LoadLoss (LL-kw! 4.388 4,388  4.388 4,388 4,388 4388 4,388  4.388  4.3B5  4.76¢
LoadRating {LR-1) 30 30 30 S0 50 S50 50 50 50 30
NoloadAnnualCost (MLAC) 1250.93 1313.48 1379.15 1448.11 1520.52 1596.54 1676.37 1760.19 1848.2¢ 194¢.c!
LoadLossAnnualCost (LLAC) 13529.85 1606.34 16B6.66 1770.99 1859.54 1932.52 2050.14 2152.65 2260.28 2373.29
TotalAnnuallost (TAD) 2780.78 2919.82 3065.81 3219.10 3380.05 3549.06 3726.5f 3912.84 410E.46 4313.%

CUMTAC
CumaLAC
CUMLLAC

37435.43 40335.25 43421.06 44640.15 50020.24
16840.31 18133.79 19532.94 20981.05 22501.57 24098.11 25774.48 27534.47 29382.87 31323,
20395.12 22201.46 23888.12 256%9.10 27518.44 29471.156 31521.30 33673.95 35934.23 363(7.

53569.27 57295.78 £1208.42 65317.09 69630,

39
Y

€
ve

LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST ¢ LDAD LOSS COST

984,231 s
4
$30,349

$14,500
PV
$14,500

31,323
PV
$7,094

A-10

$38,308
4
8,475




CASE: DIL - 1000 KVA

PURCHASE PRILE: 817,900

YEAR
ITEN 1 3 4 S b 7 8 9 10
Energy Cost {($/kuh) 0.060  0.083  0.06¢  0.0¢%  0.073 0.077 0.080 0.084  0.089  0.9%C
NoloadLoss (NLL-kw) 1,033 1,033 1035 L0337 1,033 L0330 1,033 1,033 L0 LD
Loadloss (LL-kw) 5.843  S.847  5.843 5,843 5843 5.4 5.843  L.847 LB L.BES
LoadRating {LR-Y} 50 S0 50 50 50 50 50 S ¢ 50
NoloadAnnualCost (NLAC) 542,94 570.09 S596.60 628.33 659.95 692,95 727,60 763.98 B02.1E  840.1°
LoadLossAnnualCost (LLAC) 767.77 806,16 B46.47 885.79 932,23 979.89 1026.89 10B0.35 134,25 1:9..0%
TotalAnnualCost (TAC) 1210.72 1376.25 1445.06 1517.32 1593.18 1472.84 1750¢.48 1B44.51 193e.20 C1IT.3T
CUMTAC 1310.72 2686.97 4132.03 5649.35 7242.533 8915.37 10671.85 12316, 1¢ 14452.08 fodZ:. 0T
CUMNLAC S42.94 1113.04 1711.83 2340.16 3000.11 3693.06 4420.66 5184.84 TI86.37 5EI5.10
CUMLLAC 767.77 1573.93 2420.40 3309.19 4242,42 S5222,31 6251.19 7351.5D7 BALD.E7 9sliT
YEAR
ITEN 11 12 13 14 15 16 17 18 19 :
Energy Cost ($/kwh) 0.098  0.103 0.108  0.113 0019 0,125 0.151  0.138  0.14d4 G iDC
Noloadloss (NLL-kw) 1,033 1,037 L.033 L9933 033 10337 1033 LO33 LEi Lill
Loadloss (LL-kw) S.843  5.843 5,843 5,847 5,84 5.843  S.BA 5,840 5.7 LLEST
LoadRating (LR-Y) 50 30 50 50 ¢ 30 50 St 5¢ S
NoLoadAnnuallost (NLAC)  B884.40 928.62 975.05 1023.8v 1074.99 1126.74 1183.18 1144.44 130s.5 1371.5°
LoadLossAnnualCost (LLAC) 1250.42 1313.15 1378.80 [447.75% 1526.13 1594.14 1675.95 1759.74 1B47.70 451l
TotalAnnualCost (TAL) 2135.02 2241.77 2355.86 2471.55 2565.13 2724.88 28sl.13 0ud.18 31394.33 !
CUNTAC 18621.05 20862.82 23216.67 25688.22 28283.35 31008.23 33609.36 3o873.54 42077.95 4334004
CUMNLAC 7713.50 842,12 9617.17 10640.98 11715,97 1284471 14029.89 15274.20 16580.9% 17952.97
CUMLLAC 10907,55 12220.70 13595.50 15047.25 146557.38 1816352 19839.46 21599.7t 23445.94 25587, (5
YEAR
ITEN 21 2 23 24 25 26 a 28 29 3%
Energy Cost ($/kwh) 0.135 0.167  0.176  0.184  0.194 0,203 0.213 0,224 0.2I3 0.4
NoloadLoss (NLL-kw) 1,033 1,033 1,033 1053 1033 1,033 1033 LOIE LO3S LG
Loadloss (LL-kw) 3. S.843  5.843 5,843  S.843  S5.843  S.840  S.847  5.840 .B4T
LosdRating (LR-1) S0 S50 S0 50 50 S0 50 30 3¢ R
NoloadAnnualCost (NLAC)  1440.59 1512.62 1586.26 1647.67 1751.05 1838.40 1930.53 2027.06 2128.41 2234.%C
LoadLossAnnualCost (LLAC) 2037.12 2138.98 2245.93 2358.22 2476.14 2599.94 2729.94 2866.44 3009.76 3160.25
TotalAnnualCost (TAC) 3477.72 3651.40 3834.i8 4025.89 4227.19 4438.55 4660.47 4893.50 5135.17 S5195.28

CUMTAC
CUMNLAC
CUMLLAC

46817.76 50469.36 54303.55 58329.44
19393.58 20906.21 22494.46 24162,13 25913.18 27751.78 29682.32 31709.38 33837.79 36072.83
2742418 29563.15 31809.08 34167.31 36643.44 3924239 41973,33 44839.76 47849.52 51009.77

62556.62 66995.17 71655, 44 74549,14 B1687.31 87082.79

LIFE CYCLE COST

$104,982
Py
$37,621

$17,900
PV

$17,900

$36,073
PV
8,169

$51,010
PV
$11,552

PURCHASE PRICE + MO LOAD LDSS COST + LDAD LOSS COST




CASE: OIL - 1500 KVA PURCHASE PRICE: $21,500
YEAR
1TEN ! 2 3 § 5 6 7 8 9 1
Energy Cost ($/kuh) 0.060 0,063  0.085  €.089  0.673  0.077  0.080  0.084 .G85 4.46:
Noloadloss (NLL-kw) 1,409 1,405 1409  1.409 1,409 1,409 1,409  1.408  1.409 ;.00
LoadLoss (LL-kw) 8.934 8,934 B.934  8.934 8,934  8.934 8934 8934 8974 gl
LoadRating (LR-1) 50 50 S0 50 50 5¢ 5¢ ¢ £ e
NoloadAnnualCost (NLAC)  740.57 777.40 B816.48 857.30 A7 94518 952,44 1042.05  10%4,1r 143,87
LoadlossAnnualCost (LLAC) 1173.93 1232.62 1294.26 1358.97 1426,92 1468.25 1573.13 1651.BY 173647 130..¢
TotalAnnualCost (TAC)  1914.50 2010.22 2110.73 2216.27 2327.08 2443.4% 2565.51 2:93.89 2808.56  o3°
CUNTAC 1914.50 3924.72 4035.45 B251.73 1057881 $3022.25 15S37.86 18251.75 21164 24:EnIE
CUMNLAC 74057 1518.17 233445 319195 4092.12 S037.30  6029.73  76TLL79 BIES.GE SIiE
CUMLLAC 1173.95 2406.55 3700.81 5059.77 6486.69 793495  9553.13 11205.9 1064473 147if 53
YEAR
ITEN 1 12 13 1 1 1 17 T 3 :
Energy Cost ($/kwh) 0.098 0,103  0.108  0.113 €119 0125 631 038 G4 CLifl
NoLoadLoss (NLL-kw! 1,409 1,409 1,409 1.409 1,409 1405 1.AG9 1.0 1803 1 4%
Loadloss (LL-kw) 8.934 8.934  8.934 8.93 BS54 8934 8.9 934  §.e1¢ £
LeadRating (LR-%) 50 50 50 50 50 50 S0 £ 5 €
NoloadAnnualCost (NLAC) 120631 1266.63 1329.96 1396.45 1466.28 1539.59 1616.57 169740 1780.07  1570.7%
LoacLossAnnualCost (LLAC) 1912.20 2007.81 210821 2213.62 2324.30 2440.51 2562.54 2697.86 2825.10  I%eo.t:
TotalAnnualCost (TAC)  3118.57 3274.44 3438.16 310,07 3790.53 398.10 4:179.11 4338.05 4eo7.47 43778
CUNTAC 27198.87 30473.31 33911.47 37521.54 41212,12 45252.27 49471,33 S355S.3% %8648 aIilT
CUriLAC 10521, 13 1178775 13117,71 14514.17 15980.45 17520.04 19136.61 20234.01 20616.28 2487,
CUMLLAC 16677 74 18685.55 20793.76 2300738 25331.67 27772.18 30334.72 3302678 3SRS.EE It 4
YEAR
1TEN 2 2 3 1l P 2% 2 28 2 :
Energy Cost ($/kwh) 0.159  0.167  0.176  0.184 0,194  0.203  0.213 0.2 0.23% .24
NoLoadLoss (NLL-kw) 1,409 1.409 1,409  1.409 1,409  1.409  1.409  1.A09 1407 LLAlS
LoadLoss (LL-ku) 8.934  8.934  8.934 8934 B934 8934  B.934 8934  8.93% 8.5
LoadRating (LR-1) 50 50 50 50 50 50 50 S0 50 <
NoloadAnnualCost (NLAC) 196495 2063.20 2186.36 2274.68 2388.41 2507.83  2633.23 2764.89  2903.17  1045.2¢
LoadLossAnnualCost (LLAC) 3114.78 3270.52 3434.04 3505.75 3786.03 3975.34  4174.10 4382.81 A&01.95  48C2.(F
TotalAnnualCost (TAC)  $079.73 5333.72 5600.41 SB80.43 6174.45 &483.17 6807.33 7147.49 7505.08 7880.1:
CumTAC 68384.44 7371816 79318,56 85198.99 91373.44 97856.60 104663.93 111811.63 119316.71 127167.04
CUMNLAC 26452, 62 28515.82 30682.18 32956.86 35345.28 37B53.11 40485.34 43251.22 48154.36 492026t
CUMLLAC 41931.82 45202.3; 48636.38 52242.12 56028.16 60003.49 4177.50 58580.40 75182.35 7798447
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LDSS COST ¢ LOAD LOSS COST
$148,697 . $21,500 $49,203 $77,994
PV Py PV PV
$50, 306 $21,500 $11,143 $17,663
A-12




CASE: AMDRPHOUS CORE - 25 KVA PURCHASE PRICE: 8800
YEAR
ITEN 1 2 3 4 3 6 I 8 g 13
Energy Cost ($/kwh) 0.060 0,063  0.066  0.069  0.073  0.077  0.080  0.084  0.(3F  (.1T
Noloadloss (NLL-kw) 0.018 0.018 0.016 0.018 0,018 0.018 0,018 0.018  ¢.18 {0
Loadloss (LL-kw) 0.242  0.2427  0.242  0.242 0,242 242 42 042 00400 0. I4
LoadRating {LR-1) 50 50 30 50 59 50 M 5¢ £ :
NoLoadAnnuaiCost (NLAC) 9.46 9.93 1043 10,95 1.2t 12,07 g2.88 0 L3 L8 14,28
LoadiossAnnuallost (LLAC) 31.80  33.39 35,06  36.B1  3B.65  MLSE 4D.8) 4874 2,88 48l
TotalAnnuallost (TAC) 41,26 43,37 45,49 4076 G005 SLss 5529 SRus 0.9 a4l
CuMTAC 41.26 84,58 130.07 177.85 227.99 2BG.64  3I5.94 91,59 454,95 S5
EumN_AC 9.4  19.39  29.83  AC.78 52,28 A3 TTLO3 0 90.34 10472 1%L
CUMLLAS 31,80 65.19 100,25 137.08 175,71 216,28 298.91 30I.eT  3%(.el  3%%.%e
YEAR
ITER 11 12 13 14 19 16 17 18 1§ z
Energy Cost {$/kuh) 0.098  0.103  0.108  0.413  0.119 0,325 0.131 0,138 0.4 015
NoloadLoss (NLL-kw) 0.018 0.018 0.0i8 0,018 0.018 0.018 0.016  0.018  0.01&  C.11E
Loadlose (LL-kwi 0.242 0,242 0.242  0.242 0.242 0,242 L4 LI 0240 LU
LoadRating (LR-1) 50 50 50 30 3 5¢ S0 S 5t i
NoloadAnnualCost (NLAD) 15.40 18,1 16,99 17.84 18,73 19,87 20,85 2.e8 22T
LoadlossAnnualCost (LLAC) 51.80 54,39  §7.11  §9.9¢ 2.9  66.11  &9.41  72.86  74.52
YotalAnnualCost (TAC) 87,21 70,57 74,10  77.8¢  Bl.&9  BS.7 90.08 9427 990D
CUNTAC 386.1663 656.7342 730.8305 808.6317 890.3229 976.098c 1065.167 1160,730 1260.02°
CUMNLAC 134.4075 150,3887 167.5789 18C.4187 204.1504 223.8187 244.4705 265.1548 288.9074 11T,
CUNLLAC 431.7587 506. 1455 563.2513 623.2129 4B6.1724 752,2798 821.4926 B894.5760 971.1038
YEAR
ITEN 2 2 23 2% b 26 27 28 29 i
Energy Cost ($/kwhi 0.159  0.167 0,176  0.184  0.194  0.203  0.213 0.224  0.235 G187
Noloadioss (NLL-kw) 0.018 0.018 0.018 o0.0018 0.018 0.018 0.018 0.01B  0.018  (.013
Loadloss (LL-tw! 0.242 0.242 0.282 J242 0,242 0.247 0,242 0,242 0,242 0,28
LoadRating (LR-1) 30 50 50 30 30 50 39 50 e &
NoLoadAnnuallost (NLAC) 25,10 26,36 27.48  29.06  30.51  32.04 3364 35,30 37,09 38.¢4
LoadlossAnnualCost (LLAC) 84.37  88.59  93.02  97.67 102,55 107.68 113.07 f18.72 124.6¢ 13¢.8°
TotalAnnualCost (TAC)  109.4740 114.9477 120.6950 126.7298 133.0663 135.7195 344.7056 §54.040% 151,7429 16°.303!
CUNTAC 1473.762 1588.709 1709.404 1836.134 1969.201 2108.920 2255.626 2405.667 2571.410 274:.24¢
CURNLAC 337.9326 364.2901 391.9654 421.0245 451.5355 483.5741 517.2136 552.5351 589.4227 26,5240
CmMLLAC 1135.829 1224.419 1317.439 1415,110 1517.664 1425.346 1738.412 1857.132 1981.787 2!:2.4675
LIFE CYCLE COST = PURCHASE PRICE ¢ NO LOAD LOSS COST ¢ LOAD LOSS COST
83,541 z $800 $629 $2,113
4] 4] 4] PV
$1,421 $800 $142 $478




CASE: ANMORPHOUS CORE - 75 KVA PURCHASE PRICE: $2,%90
YEAR )

ITER { 2 3 4 S [ 7 8 9 1%
Energy Cost ($/kwh) 0.060 0.062 0.046 0.069 0.073 0.077 0.080 0.084 0.08° g.5¢7
NoloadLoss (NLL-kn) 0.037  0.037  0.037  0.037  0.037 6,017  0.037 0.037 0.037 0,577
Loadloss (LL-kw) 0.835  0.635  0.835  0.635  0.835  0.635  0.815  0.835  0.625  0,82%
LoadRating (LR-1) 50 30 S0 50 50 50 S0 S0 50 &
MolpadAnnualCost (KLAC) 19.45 20,42  21.44 22,51  23.64 24,82 26,06 27.36 28,73 I.L1T
LoadLossAnnualCost (LLAC) B3.44  87.61  91.99  96.59 101.42 105.49 111.82 1i7.41 120,28 129.4
TotalAnnuailost (TAC) 102,89 108.03 113.43 119.10 125.06 131,31 137.BR  144.77 {5201 159,06
CumTAC §02.89  210.92 324,35 #4345 T6E.S1  699.B2 B37.70 9B2.47 1134.45F 1284.0%
CUMNLAC 19.45  39.87  61.31  83.62 107.46 132,28 158.34 185.70 Zl4. 44 i4d,s
CUNLLAC 83.44  171.05 263.04 359.83 . 441,05 7.54  679.36 796,77 920,05 104%,43

YEAR

1TEN 1 12 13 14 15 té 17 18 19 X
Energy Cost ($/kwh) 0.098 0.103 0.108 0.413 0.119 0.125 0.12! 0.138 0,144 VIS
Noloadloss (NLL-kw) 0.037  0.037  0.037 0,037  0.037 0,037 0,037 0,337 0037 0077
LoadLoss (Li-kw) 0.635  0.8635  0.435  0.635 0,875 0.635  0.675  0.635  0.67%  .4TS
LoadRating (LR-1) S0 30 S0 50 50 S0 N S0 S0 &
NoLoadAnnualCost (NLAC) 31,68 33,26 M9 36,67 IB.50 4G 45 4245 M4.5T Ao B0 A%,
LoadlosshnnualCost (LLAC) 135,91 142,71 149,64 157.34  145.20 173.46 1B2.14 191,24  2¢0,B1  2:%.¢S
TotalAnnualCost (TAC) 167,59  175.97 184,77 194,01 203,71 213.89 224,59 235,82 247,:y 1% ss
CUMTAC 1461,682 1637,652 1822.421 2016.428 2220.126 2434,029 25656.617 2894.474 142,047 J4{1.0%
CUMNLAC 276.2822 309.543%5 344, 4479 381.1385 419.6426 460.0719 §02.5227 S47,0961 £92.6931 643, 04{.
CunLLAC 1185, 400 1328.109 1477.953 1435.290 1800, 493 1973.957 2156.094 2347,358 2542, 147 2755.39

YEAR

1TEN 21 22 3 24 25 2% 27 28 23 i
Energy Cost ($/kwh) 0,159  0.187  0.176  O0.1B4  0.194  0.203  0.213  0.224 (.21 .24
Noloadloss (NLL-kw! 0.037 0.037 0.037 0.037 0.037 0.037 0.027 0.037 0.037 ee?
Loadloss (LL-kw) 0.635 0.635 0.635 0.635 0,635 0.533 0.61° 0.835 0.625 0,535
LoadRating {LR-1) S0 50 S0 S0 50 50 5. S0 50 b
NoloadAnnualCost (NLAD) 51,60 54.18 56.89 59.73 $2.72 65.86 49.15 2.61 76.24 8. 0%
LoadLossAnnualCost (LLAC) 221.39 232.46 244.08B 256.28 269.10 282.55 296.68  311.52 327.09 34l.4¢
TotalAnnuallost (TAC)  272.9877 284.4371 300.9689 314.0174 331.8182 348.4071 345.8294 3B4.12:1 403.3271 423.493%
CUNTAC 3675.018 3961.655 4262.624 4578.641 4910.459 5258.849 5624.4698 $008.819 5412.147 4B35.440
CUMNLAC 694. 46394 748.8186 B0S.7047 B4S.4392 928.1584 994.0135 1063.161 1135.766 1212,002 1292.043
CunLLAC 2980.378 3212.836 3456.917 3713.202 39B2.301 4264.855 4561.537 4873.053 S200.144 5543590
LIFE CYCLE COST = PURCHASE PRICE ¢ MO LOAD LOSS COST + LOAD LOSS COST

49,824 s $2,990 $1,292 5,544
4] (4] 4] PV
$4,3538 $2,990 $293 $1,255
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CASE: ANORPHOUS CORE - 150 KvA PURCHASE PRICE: $8,060
YEAR
1TEN 1 2 3 4 5 6 7 8 9 16
Energy Cost ($/kwh) 0.060  0.063  0.066 0.069 0,075 0.077 0.080 0.084 0,089  0.99C
NoloadLoss (NLL-kw) 0.099 0,099  0.099  0.09% 0,099 0.099  0.099  0.099  0.099  {,00%
Loadloss (LL-kw) 1122 L1222 L1220 L1220 1122 1122 1?2 22 L2 1l
LoadRating {LR-1) 50 30 50 90 S0 %0 S0 50 50 o
NoloadAnnualCost (NLAC) 52,03 .44 57,37 40.24  43.25 4641 89.73 1322 1888 872
LoadLossAnnualCost (LLAC) 147.43 154,80 162.54 170.47 179,20 1BB.16 197.57 207.45 217.B2 228!
TotalAnnualCost (TAC) 199.47  209.44  219.91 230.91 242.45 254,57 267.30  2B0.67 294,70 3(9.44
CUMTAC 199.47  40B.90 626.81 839.72 1102.17 1356.74 1424.05 1904.7) 293,40 2508.3¢
CUMNLAC S2.05  106.67 164,04 224,27 287,52 353.93  A23.66  496.88  STI.76 £S4.AC
CunLLAC 147.43 302,23 464,78 635.45  BI4.65 1002.81 1200.38 407,81 1625.4: 18%4.17
YERR
ITEN 11 12 13 14 15 16 17 18 19 x
Energy Cost ($/kwh) 0.0986  0.103  0.108 0,113  0.119  0.125  0.131  0.138 (144 [L1E2
Noloadloss (NLL-kw) 0.099 0,099  0.099  0.099  0.099  0.099  0.099  €.099 AT 0.0
Loadloss {(LL-kw} 1122 L1220 L1220 L1220 22 128 122 a2 a2l -
LoadRating (LR-1) 30 30 S0 5¢ 50 50 30 5 Fi o
NoLoadAnnualCost (NLAC) 84.76  89.00 93.45  98.12 103.02 108.18 113.58 119.26 125.31 qii.¢¢
LoadLossAnnualCost (LLAC) 240,15 252.16 264,76 27B.00 291,90 30s.50 321.82 327.91 354.8! ITL.5C
TotalAnnualCost (TAC) 324,91 341.15 0 30821 376,12 394,93 414,67  A35.41  457.18  A4S0.04 54004
CunTAC 2833.759 3174.912 3533.123 3909.245 4304.172 4718.846 S154.257 Seil. 421 a0%1.488 2575107
CUMNLAC 739.2416 B28,2381 921.6B44 1019.803 1122.827 1231.003 1344.587 14563.85! 1588.078 171,557
CuNLLAC 2094.517 2346.5674 2611439 2B89,441 3181.344 3487.842 3609.665 4147,579 4502.385 4575, 94/
YEAR
ITEN 21 22 23 20 25 26 27 28 2 N
Energy Cost ($/kuh) 0.159  0.167 0.176  0.184  0.194  0.203 L2130 0.2 0,238 28
NoLoadlass (NLL-kn) 0.099 0,099 0,099 0,099  0.099  0.099  0.099 0,099  0.09%  (,0°%°
LoadLoss (LL-tw) 1122 L1220 1122 1122 122 41220 11220 o Lz
LoadRating (LR-1) 30 30 50 9 50 50 50 50 50 5
NoloadAnnualCost (MLAC) 138.06 144.97 152.28 159.82 167.B2 176,21 185.02 194,27 203.98 I14.16
LoadlossAnnualCost (LLAC) 391.18 410.74 431.27 452.84 475.48 499,25 524,22 550.43 577.95  &0s.B
TotalAnnualCost (TAC)  529.2405 555.7025 583.4877 412,8421 543.2952 675.4599 709.2329 744.4%46 7B1.9293 B21.0258
CUNTAC 7124.747 7680.450 8263.938 8874.600 9519.895 10195.35 10904.58 11649.28 12431.21 13282.20
CUMILAC 1858.4629 2003.595 2135.809 2315.534 2483.450 2659.657 2B44.475 3038.943 3242.924 1457.105
CUmLLAC 3266.117 5676.854 6108.128 5560.945 7034.444 7535.697 8059.913 B610.339 9188.287 9755.132
LIFE CYCLE COST = PURCHASE PRICE ¢ MO LOAD LOSS COST ¢ LOAD LDSS COST
$21,312 s $8, 060 83,457 49,795
4] 44 4 PV
$11,081 48,060 $783 $2,218
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CASE: AMORPHOUS CORE - 300 KVA

PURCHASE PRICE: $13,4850

YEAK
1TEN 1 2 3 A 5 b 7 8 9 K
Energy Cost ($/kmh) 0.060  0.063  0.066 0.069 0,07  0.077  0.080  0.084  (.089 [,0%:
NoLoadLoss (NLL-km! 0.165  0.185  0.185  0.165 0,185  0.185  0.165  0.165  0.155  0,:if
LoadLoss (LL-tw) 1.857  1.857  1.857  1.857  1.B57  1.857  1.857  1.B57  1.257  p,ec°
LoadRating (LR-1) 50 50 50 50 50 50 50 50 £ .
NoLoadAnnualCost (NLAC)  B86.72  91.08  95.81 100.39 105.41 110.68 116,22 122.03 128.13  134.%4
LoadlossAnnualCost (LLAC) 244,01 256.21 269.02 282.47 296,80 31147 227.60 343.25 0.5 1554
TotalAnnualCost (TAC) 330,73 347.27  364.63  3B2.87 402.01 A23.11 MA3.21 46533 4BS.a4 SiT.GS
CUNTAC 330,73 678.00 1042.64 1425.5C 1827.51 2249.62 2692.84 3IS6.71 3eAi.G: 4.5%.5
CUMNLAC 86.72 177,78 273.40 37379 479.20 SB9.85 706.1% 82214 95,17 103LE
CUMLLAC 204,00 500,22 79.24 105171 134831 1859.73 1986.73 270,08 2699.5% 387,17
YEAR
1TEn i 12 13 14 15 1 17 18 18 "
Energy Cost ($/kwh) 0,098  0.103  0.108  0.113  0.119  0.125  G.I30 0.138 (.14 ©.if:
Noi.oadloss (NLL-kw) 0.165  0.165  0.165  0.165  0.165  G.165  G.165 0,365  €.065 (i8S
LoadLoss (LL-kw) 1.857  1.857  1.857 1.857  1.B57  1.857 1.B57 1,857  1.BST 185
LoadRating (LR-D) ) 50 50 50 56 50 50 € 5 5
NoLoadAnnualCost (NLAD) 141,26 148.33 155.74  163.53 170,71 180.29 169.31] 196,77 206,71 2:6.:f
LoadLossAnnualCost (LLAC) 397,47  417.34  433.210 40.12  483.12 S07.28  SCo.6d S55.27  SET.oA ele.s
TotalAnnualCost (TAC) 538.73  565.67 593.95 623.65 654.83 87,57 7I.95  7SE.0E 19T.9F IS
CUNTAC 4698.664 5264.331 5958287 &481.930 7135.760 7624.332 BS46.252 304,310 10140.26 99700
CUMNLAC 1232.069 1380.395 1%36.140 1699.671 1871.379 2051,672 2240.97% 243,750 Zad6.4od 23:7.00
CUNLLAC 3465.595 3883934  2.141 4782.258 5265.380 $772.859 6305.302 6854.577 TATI.Bls Bic3.4:s
YEAR
ITEN 2 2 3 2% 25 % 27 2% 29 N
Energy Cost ($/kwh) 0.159  0.167  0.176  0.184  0.194 0,203  0.213  0.24  0.23 0,247
NoLoadLoss (NLL-kw) 0.165  0.165  0.165  0.165  0.185  0.165  0.165  0.185  0.155  0.1eS
LoadLoss (LL-kw) 1.857 1857 1857 1.8S7 1,857  1.857  1.857  1.87  1.857  L.EST
LoadRating (LR-1) 50 50 50 50 50 50 50 50 50 5%
NoloadAnnualCost (NLAC)  230.10  245.61  255.69 268.37 279.69 293.68 308.35 32378 339.97  356.6
LoadlossAnnualCost (LLAC) 647.43 679.80 713.79 749.48 786.96 826.30 867.62 911.00 956.55 1094.38
TotalAnnualCost (TAC)  877.5352 921.4119 947.4825 1015.856 1066.649 1119,982 1175.981 1254.780 129.519 1361, 385
CUNTAC 11813.56 12734.97 13702.45 14718.31 15764.96 16904.94 18080.92 19315.70 20612.22 21§73.57
CUMNLAC |3097.716 3339.326 3593.016 3859.391 4139.084 4432.763 4741.125 5064.905 5404.874 5761.847
CUNLLAC 8715.847 9395.649 10109.44 10858.92 11645.87 12472.18 $3339.80 14250.80 15207.35 162:1.72
LIFE CYCLE COST = PURCHASE PRICE + ND LOAD LOSS COST ¢ LOAD LOSS COST
$35,624 . $13,650 $5,762 $16,212
Py Py Py PV
418,626 $13,650 $1,305 13,671
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CASE: AMORPHOUS CORE - 500 KVA

PURCHASE PRICE: $15,380

YEAR

ITEN 1 2 3 4 5 b 7 8 9 1
Enerqy Cost ($/kwh) 0.060  0.063  0.066  0.069 0,073 0,077  0.080 0.084  0.089  C.CS:
NoLoadLoss (NLL-kw) 0.3 0.2 023 023 023 023 023 023 0 0.
Loadloss (LL-kw) 3092 3192 3192 3492 3192 3192 392 392 ni8T  3.39:
LoadRating (LR-1) 50 50 50 50 50 50 50 50 5 .
MoloadAnnualCost (NLAC)  120.89 126,93 133.28 139.94 146,94 154.29 162.00 170.10 178.el {E7.5%
LoadLossAnnualCost (LLAC) 419.43 440,40 462.42 485.54 S09.87 S35.31 56207 590.18  619.69 5.
TotalAnnualCost (TAC) 540.32  567.33  $95.70 625.4B  656.76  689.60 7I4.08 70.26 T9R.26 TR
CUNTAC 540,32 1107.85 1703.35 2328.83 2985.59 3675.19 4399.26 SIS9.54 S95T.64 s7es.iS
CUMNLAC 120.89 247.82 381,10 521,04 467.98 B822.27 98427 (15437 133398 1fI..c:
CUNLLAC 419.43 859,83 1322.25 1B0T.79 2317.61 2852.97 34199 AGiS.17 AIA6: SITE.CC

YEAR

ITEN 1 12 13 1 18 16 17 18 19 :
Energy Cost ($/kwh) 0.098  0.103  0.108  0.113  6.119 0125 0131 C.136 0144 .S
NoLoadLoss (NLL-kw) 0.2 023 0.2 0.2 623 023 023 0.23 2L
LoadLoss (LL-kw) 3092 3192 3497 3192 3192 a9z LIS .97 na9D I.iss
LoadRating (LR-1) 50 50 50 50 50 50 50 5 5 5,
MoloadAnnualCost (MLAC) 196,91 206,76 217.10 227.95 239.35 251.32 263.88 277.08 205,81 3S.4g
LoadLossAnnualCost (LLAC) 6B3.21 717,37 753.23 790.90 830.44 871,96 915.5: 981.34 1009.41 {0523
TotalAnnualCost (TAC) 880.12 924,13 970,33 1016.85 1069.79 1123.28 1179.84 123047 1300.74 13e5.3S
CUNTAC 7676, 185 8600.290 9570.622 10589.47 11659.26 12782.54 13961.98 15°0¢.40 1650C.73 17Bs:. 0%
CUMNLAC 1717430 1924.189 2141,287 2369.239 2608.589 2859.90s 3123.790 340C.857 1891.795 3353.23"
CUMLLAC §558.735 6476.101 7429,335 8220.230 9050.671 9922.635 10838.19 11799.53 12808.97 13828, 8!

YEAR

ITEN 21 22 2 2 2 2 7 28 2 %
Energy Cost ($/kwh) 0.159  0.187  0.176  0.184  0.194  0.203  0.213  0.224 021 0.0
NoLoadLoss (NLL-kw) 0.23 023 023 0.2 23023 023 023 0.1 0.3
LoadLoss (LL-kw) 3092 3192 3092 3192 392 3092 3192 a9 L9 el
LoadRating (LR-1) 50 50 50 50 50 50 50 50 5t €
NoloadAnnualCost (NLAC) 32075  336.79 353.63 371,31 389.88 409.37 429.84 4S1.33 473.90 497.5¢
LoadiossAnnualCost (LLAC) 1112.87 1168.51 1226.94 1288.29 1352.70 1420.33 1491.35 1585.92 164422 1726.43
TotalAnnualCost (TAC)  1433.621 1505.302 1580.567 1659.595 1742.575 1829.704 1921.189 2017,249 2118.111 2204017
CUNTAC 19299.71 20805.01 22385.58 24045.17 25787.75 27617.45 29538. 64 31555.89 33674.00 35898.(C
CUMMLAC 4318.028 4454.B18 SO08.447 5379.757 5769.633 6179.003 6508.841 7060.171 7534.067 BU31.6%C
CUNLLAC 1498168 16150.19 17377.13 18665.41 20018.11 21438.45 22929.80 24495.72 26139.94 27866. 3¢
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST ¢ LOAD LOSS COST

152,278 . $16,380 48,032 $27,866

P PV PV PV

924,510 $15,380 $1,819 86,311

A-17




CASE: AMORPHOUS CORE - 730 KVA PURCHASE PRICE: 18,980

YEAR
ITEN i 2 3 4 S 6 7 8 9 10
Energy Cost ($/kwh) 0.060  0.063 0.066 0.069  0.073  0.077 0.080  0.084 0,089 0.0%7
NoLoadloss (NLL-kw) 0.314  0.314  0.314 0314 0514 0.3:4 0.334 0.354 0.3 .id
Loadloss (LL-kw) 4,399 4399 4,399 4,399 4399 4,399 4399 4, 4,399 4,755
LoadRating {LR-1) 30 S0 S0 S0 50 50 30 50 b 5
NoLoadAnnualCost (NLAC)  185.04 173.29 181,95 191.05 200.61 210.64 221,17 232.23 243.84 %:
LoadlossAnnualCost (LLAC) 378,03 606.93 637.28 689.14 702.60 737.73 774,61 Bi3.34 B54.01 8%
TotalAnnualCost (TAC) 743,07 780.22 B19.23 BA0.19  §03.20 948,36  995.78 1045.57 097,85 15I.74
CURTAC 743.07 1523.29 2342.52 3202.71 4105.91 GSO54.2B 6050.06 7095.63 B197.43 934210
CUNNLAC 165,04 338,33 520,28 711.34  911.94 1122.%8 1243.74 ISTE.97 1BI§.81 207%.54
CUNLLAC 578.03 11B4.9¢ 1822.24 2491.38 3193.97 3931.70 4706.31 S519.84 £37I.67 TIT(LIZ
YEAR
ITEN 11 12 M 14 15 16 17 18 15 2
tnergy Cost ($/kmh) 0.098  0.103 0.108 0.112  0.119  0.125  0.131 W3 ¢.144 (I
Noloadloss (NLL-kw) 0.314 0,314  0.314  0.314  0.314 0,314  0.314 0514 0714 .74
Loadlose (LL-kw) 4.399 4,399 4399 4.399 4,399 4,399 4,399 4,199 4,399 4,093
LoadRating (LR-I) S0 S0 S0 S0 50 50 W S0 o &

NoLoadAnnualCost (NLAD)  268.8B3 282.27 296.39 311.20 326.76 343.10 380,26 378.27 397.18
LoadlossAnnualCost (LLAC) 941,33 986.47 1038.06 1089.96 1144.46 1201.68 1261.76 1324.8% 1391.0¢
TotalAnnualCost (TAC) §210.38 1270.90 1334.44 1401.16 1471.22 154478 1622.07 1703.12 178E.:F

CUNTAC 10556.59 11827.4% 13161.93 14563.09 16034.31 17579.10 19201.12 20904.24 22692,82 2457028
CUMNLAC 2344, 665 2626.937 2923.322 3234.526 3561.291 3904.394 4264,450 4642920 5040.103 5457152
CUMLLAC 8211.929 9200.554 10238.6) 11328.56 12473.02 13674.70 14936.47 16261.32 17652.45 19112.0s
YEAR

ITEN ) 2 23 2% 28 2 27 26 &85 M/
Energy Cost ($/kwh) 0.159  0.167 0.176 0.184  0.194  0.20] L2130 0,228 0,238 0,247
NoLoadloss (NLL-kw) 0.314 0,314 0,314 0314 0314 0314 0314 0314 0314 0.0M4
LoadLoss (LL-kw) 4,399 4,399 4,399 4.399 4399 4399 4,399 4,399 4,399 4,399
LoadRating (LR-1) 30 30 50 30 50 50 30 50 30 HU

NoloadAnnualCost (MLAC)  437.90 459.79 482.78 506.92 332.27 558.88 586.82 616.16 646,97 479.3C
LoadLossAnnuallost (LLAC) §533.68 1610.37 18690.88 1775.43 1864.20 1957.41 2055.28 2158.04 2265.95 2379.24
TotalAnnualCost (TAC)  1971.577 2070.156 2173.664 2282347 2396.465 2516.288 2642.107 2774,208 2912.918 3055.5a4

CUNTAC 26541.79 28611.95 30785.61 33067.96 35464.43 37980.72 40622.82 43397.03 46309.95 49368.5!
CUMNLAC $895.048 4354.838 6837.619 7344.538 7876.804 BA3S.682 9022.505 9638.468 10285.64 10944.9¢
CUMLLAC 20046, 74 22257.11 23947.99 25723.42 27587.62 29545.03 31600.31 33758.35 36024.30 38403.55
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST ¢ LOAD LOSS COST

48,349 . $18,980 $10, 945 $38, 404

W PV Py PV

$30, 160 $18,980 $2,483 48,497
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CASE: AMORPHOUS CORE - 1000 KVA PURCHRSE PRICE: 23,270

YEAR
ITEN 1 2 3 4 5 6 7 8 9 10
Energy Cost ($/kwh) 0.060 0.063 0.066  0.089 0.073 0.077 0.080 0.084  0.089  0.06C
NoloadLoss (NLL-kw) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Loadloss (LL-kw) S.484  5.484  5.484 5,484 5.484  5.484 5,484 5,484  S.424 5454
LoadRating (LR-1) 0 30 50 50 S0 30 50 50 3¢ B

NoloadAnnuallost (NLAC)  210.24 220.75 231.79 243.38 255.55 268,33 281,74 295.8% Ji0.&l 1245

LoadLossAnnualCost (LLAC) 720.80 736.63 794,46 834,18 B75.89  919.69 985,47 1013.95 10e4.£5 1117.85
TotalAnnualCost (TAC) 930.84 977.38 1026.25 1077.56 1131.44 1188.01 §247.41 (309,78 13727 144,07

CunTAC 930.84 1908.22 2934.47 4012.03 S5143.47 $331.48 7578.89 B8BE.47 10263.94 {1777,z
CUMNLAC 210.28  436.99 452,78 905.16 1183.71 1430.03 1711.78 20C7.80 2313.22 Codd.l:
CUMLLAC 720.60 1477.23 2271.68 3103,87 39B1.76 4901.44 35Bs7.11 6BEI.06 794571 9iil.s.
YEAR

ITER 11 12 13 14 1+ 16 17 18 1§ 20
Energy Cost ($/kwh) 0.098  0.103  0.108  0.113 0.119 0,125  0.131  0.138 0144 (.1EC
NoLoadloss (NLL-kw) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Loadloss (LL-kw! 5.484  5.484  5.484  U.4B4 5.484  5.4B4 5. 484 S.484 G464 ToAEd
LoadRating (LR-X) S0 30 50 S0 50 5¢ 50 0 0 1t

NoloadAnnuallost (NLAC) 342,46  359.58 377.56 396.44  415.24 437,07 A3B.93  481.87 5097 Si.T°
LoadLossAnnualCost (LLAC) 1173.78 1232.47 1294.09 1358.79 1426.73 1496.07 1572.97 1651.62 734,20 1ell.9!
TotalAnnualCost (TAC) 1516,24  1592,05 1671.65 1755.23 1B42.99 1935.14 2035.90 2133.50 2240.17 2TIL.iZ

CUNTAC 13224.21 14816.25 16487,91 18243,14 20086.13 22021.28 24057,18 261B5.58 28426,87 0773,
CUMNLAC 2986.834 3346.416 3723.977 4120.416 4536.677 4973.751 S432.678 5914,350 6420.520 4550, T¢e
CUNLLAC 10237.37 11469, 84 12763.93 14122,72 15549.46 17047.53 1B620.50 20272,17 22006.33 27827.24
YEAR

ITEN 21 22 ' ri} 25 26 2 28 29 Me
Energy Cost ($/kwh) 0.159  0.167  0.176  0.184  0.194 0,207 0.213 0,224 23w
NolLoadLoss (NLL-kw) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 .4
LoadLoss (LL~kw) S.A84  S.4B4  S.484  S.484 5,484 5,484 5,484 S.4B4 S.4B3 S.4E4
LoadRating (LR-1) 30 S0 30 30 S0 30 50 S0 50 S0

NoloadAnnualCost (NLAC)  §57.83 SBS.72  415.01 45.76 678.05 741.95 747.54 784.92 B24.17 BsI.TE
LoadLossAnnualCost (LLAC) 1911.96 2007.56 2107.94 2213.33 2324.00 2440.20 2562.21 290,32 2824.84 2%ce.(C
TotalAnnuallost (TAC)  2469.789 2593.278 2722.942 2859.089 3002.044 3152.146 3309.753 3475.241 3649.003 363:.430

CUNTAC 33248.82 35842.10 38565.04 41424.13 44426.17 47578,32 50888.07 54363.31 58012.32 61843.77
CUMNLAC 7509. 615 8095.336 8710.343 9356.100 10034.14 10746.09 11493, 63 12278.55 13102.72 13968.15
CUMLLAC 25739.20 27745.76 29854.70 32068.03 34392.03 36832.23 39394.44 420B4.76 44509.59 47575.¢7°
LIFE CYCLE COST = PURCMASE PRICE + MO LOAD LDSS COST ¢ LOAD LOSS COST

85,114 . $23,210 $13,948 $47,875

] Py Py PV

37,278 $23,270 83,183 $10,842
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CASE: AMORPHOUS CORE - 1300 KVA PURCHASE PRICE: $27,950
YEAR
ITEN 1 2 3 4 s b 7 8 9 10
Energy Cost ($/kwh) 0.060 0,063  0.066 0,069  0.073 0,077  0.080 0.084  0.08%9  0.09:
Noloadloss (MLL-kw) 0.568 0.568 0.568 0.568  0.5683 0,568  0.548  0.56B  0.538  (.54C
Loadloss (LL-kw) Ly LAy Ly L3 LAl onLAay o onaly o LAl nur nl
LoadRating (LR-1) 30 50 30 50 50 S0 30 50 0 5
NoloadAnnualCost (NLAC)  298.54  J13.47 329.14 345,60 362,88 381,02 400.07 420,08 441.08 453,12
LoadLossAnnualCost (LLAC) 947.79 995.18 1044.94 1097.18 1152.04 1209.64 1270.13 1333.63 1400.71 470,12
TotalAnnualCost (TAC) 1246.33 1308.65 1374.08 1442.78 1514.92 159C.67 1670.20 1753.70 1BAL.4C (53547
CUNTAC 1246.33  2354.97 3929.05 S5371.87 4886.75 8477.42 10147,82 11901,37 13742.70 15e7¢.19
CUMNLAC 298.54  612.01 941,15 1286.75 1649.63 2030.45 2830.72 2850.BC 3291.88 3YET.0S
CUNLLAC 947.79 1942.97 2987.90 4085.09 35237.13 446,77 T7716.90 9050.S3 10450.8% 1152018
YEAR
ITEM 11 12 13 14 13 16 17 18 15 o
Energy Cost ($/kwh) 0.098  0.103 0.108  0.113 0119 0,128 0,131 0.133  O.i44 0,152
NoLoadLoss (NLL-kw) 0.368  0.368 0.568 0,558  0.563 0,548 .36 0,558  0.563  C.E48
Loadloss {LL-kw) rLay L3 n3 n LAl LI LAl nAar nAal ns
LoadRating (LR-1) 0 30 30 50 50 50 50 o At
NoLoadAnnuaiCost (NLAC)  486.29  510.6f 536.14 5e2.94  591.09 620,64 451.48 4B4,2¢ T718.47 7544
LoadLossAnnualCost (LLAC) 1543.85 1621.04 1702.09 1787.20 1876.56 1970.38 2068.90 2172.35 2280.97 2055.0@
TotalAnnualCost (TAC) 2030.14 2131.85 2238.23 2350.14 2467.65 2591.93 2720.58 285c.61 2999.44 G145.4)
CUMTAC 17706.33 19837.57 22076.20 24426.34 26893.98 294BZ.01 32205.59 35062.20 3801.64 4:211.05
CumNLAC 4241.305 4751.911 5268,048 5850.991 6442.081 7062.726 7714.407 8398, 664 9117.13E 967..535
CUNLLAC 13463.02 15086.06 16788.15 18575,.35 20451.90 22422.29 24491.19 26683.54 28944.50 31326.52
YEAR
ITEN 21 2 23 24 25 26 27 28 29 3
Energy Cost ($/kwh) 0.159 0,167 0.176  0.184  0.194  0.203 0.213  0.22 0,223 .
Noloadloss (NLL-kw) 0.568 0.368  0.568  0.568 0.568 0.5  0.543  0.5%8  0.5:8 0,588
LoadLoss (LL-kw) Lay  rLa3 L3 nal LAl LA LAY LA LA3 0 LA
LoadRating (LR-2) 30 30 30 50 30 50 30 50 30 50
NoloadAnnualCost (NLAC) 792,12 63172 873.31 916,98 962.82 1010.97 1061.51 1114.59 1170.32 1226.83
LoadlossAnnualCost (LLAC) 2314.76 2640.50 2772.53 2911.15 3056.71 3209.55 3370.02 3538.53 3715.45 3901.22

TotalAnnuallost (TAC)

3306.881 3472.225 3445.837 3828.129 4019.535 4220.512 #431.537 4653.114 4885.770 5130.059

CunTAC 44317,93 47990.16 51636.00 55464.13 59483.66 83704.17 88135.71 72788.83 77674.60 B25(4. 66
CUMNLAC 10663.65 11493.37 12368.68 13285.66 14246.48 15259.45 16320.98 17435.55 18605.87 19834.70
CumLLAL 33654.28 36494.78 39287.31 42178.46 45235.18 48444.72 S1814.75 55353.27 $9048.73 62969.95
LIFE CYCLE COST = PURCMASE PRICE ¢ ND LOAD LOSS COST + LOAD LOSS COST
$110,735 s $27,950 $19,835 $62,970
Y 4 ] 4
$45,703 $27,950 4,492 $14,261
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CASE: VAPOR-COOLED - 300 KvA PURCHASE PRICE: $17,000

YEAR
ITEN § 2 3 4 S b ] 8 9 g
Energy Cast ($/kwh) 0.060  0.065 0.066 0,06 0.073 0.077 0.080 0.084 0,089 0,09
Noloadloss (NLL-kw) 1.4 1.4 1.4 1.4 1.4 1.4 i.4 1.4 1.4 1.4
LoadLoss (LL-kw) 3. 5.4 3.4 3.4 3.4 .4 5.4 S.4 3.4 5.4
LoadRating (LR-1) 30 30 30 0 30 50 30 50 ¢ <

NoloadAnmualCost (NLAC)  735.84 772,63 B11.26 85).83 894.42 939.14 986,10 1035.40 10E7.17 (141,53
LoadLossAnnualCost (LLAC) 709.56 745.04 782.29 B21.40 862.47 905.60 950.88 996.42 J04B.34 160,73
TotalAnnualCost (TAC) 1845.40  1517.67 1393.55 1673.23 1756.89 1B44.74 1936.97 2033.82 2135.51 2287.29

CUNTAC 1445.40 2963.07 4356.62 6229.85 7984.75 9B31.48 11768.44 13802.28 15937.8¢ 16150,
CuMNLAC 735,84 1308.47 2319.74 3171.56 4085.98 35005.12 5991.22 702s.42 BIII.79 985,12
Cum.LaC 709.56 1454,60 2236.89 3038.29 3920.77 4828.37 S5777.24 4775.57 7824.0% 894,77
YEAR

ITEN i1 ‘12 13 14 15 16 17 18 19 20
Energy Cost ($/kuh) 0.098  0.103 0,108 0113 0.119 0125 0.131  0.138  0.148 0, iS2
NoloadLoss (NLL-kw) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Loadloss (LL-kw) S.4 3.4 3.4 v.4 9 5.4 5.4 .4 S.4 5.4
LoadRating (LR-1) 50 30 30 %0 50 5¢ HY 50 50 RN
NoloadAnnualCost NLAC)  1198.61 1258.54 1321.46 1387.54 1456.%1 1529.76 1606.25 1£88,56 17°0.89 165=.47
LoadLossAnnualCost (LLAC) 1135.80 1213.59 1274.27 1337.98 1404.B8 475,12 1548.88 1626.32 1707,8¢ 797,02
TotalAanualCost (TAC) 2354.40 2472,12 2595.73 2725.52 2861.79 3004.88 IISE.13 331268 478,57 le50.45
CUMTAC 20534.45 23006.61 25602,34 28327.86 31189.65 34194.53 37349,66 40067.54 44141,07 £7737,50
CUMNLAC 10453.92 1171245 13033.92 14421.45 13870.37 17408.12 19014.37 20700.93 2247182 2427:.2¢
CumLLAC 10080.35 11294.15 12568.42 13905.40 35311.28 16786.40 18335.29 19961.61 21889.25 Z3481.27

YEAR

ITEn 2 2 YM 24 5 26 27 28 29 50
Energy Cost ($/kwh) 0.139  0.167 0,176  0.184  0.194  0.203 0.213  0.224 0,235  0.247
NoloadLoss (NLL-kw) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
LoadLoss {LL-ke) 5.4 3.4 5.4 3.4 3.4 5.4 3.4 S.4 3.4 5.4
LoadRating (LR-1) 3 30 30 30 30 30 50 30 50 S0

NoloadAnnualCost (MLAC) 1952.40 2030.02 2152.52 2260.15 2373.16 2491.82 261s.41 2747.23 2884.59 3023.92
LoadlossAnnualCost (LLAC) 1882.47 1976.81 2073.63 2179.43 2288.40 2402,82 2522.96 2649.11 2781.57 2920.45
TotalAmnualCost (TAC) 3035.08 4026.83 4228.17 4439.58 A4eb1.56 4894.64 5139.37 S5396.34 3646.15 5949.45

CUnTAC 3162860 33633.43 59883.60 44323.10 68984.74 73879.38 79018.73 84415.09 90081.24 95030.7}
cLAC 2620343 28333.67 30485.20 32745.35 35119.50 37611.32 40227.73 42974.97 43859.54 48888.35
QmRLAC Z5304.93 27321, 75 29397.40 31376.83 33845.24 36268.06 38791.02 41440.13 44221.70 4714234
LIFE CYCLE COST = PURCMASE PRICE + WO LOAD LOSS COST ¢ LOAD LOSS COST
$113,031 s $17,000 40,0 47,102
(4] (44 4 4]
0,78 917,000 $11,072 $10,476
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CASE: VAPOR-CDOLED - 750 VA PURCHASE PRICE: $18,500
YEAR
ITEN 1 2 3 4 3 6 7 8 § Y
Energy Cost ($/kwh) 0.060  0.062 0.06¢ 0,069 0,077  0.077  0.080  0.0B4 .08 0,037
Noloadloss (NLL-kw) 1.816  1.B16  1.Bl6  1.B1S  1.Ble  1.B16 1.8t 1.B56  1.E1s 1,01
LoadLoss (LL-kw! S.814 S.814 5614 5.814 5.814 5814 5.814  5.814  5.814 el
LoadRating (LR-1) S0 50 50 S0 3¢ 50 50 S0 9 <

NoloadAnnualCost (NLAC)  954.49 1002.21 1052.32 1104,94 1160.19 1218,29 1279.11 1343,06 141027 430,
LoadlossAnnualCost (LLAC) 763.96 807.16 842.27 884,38 928.40 975,07 1027.78 1074.97 [112B.72 1125.f
TotalAnnuilCost (TAC) 1718.45 1804.37 1894.59 1969.32 2088.79 2193,27 2302.89 2436.03 253R,91 lcit.tf

CUNTAC 1718.45 3522.82 SA17.41 T7406.77 9495.32 116B8.74 13991.63 164(9,04 1B94E,55 21:14.4°
CUMNLAC 954.49 1936.70 3009.05 4113.97 S5274.16 6482.30 7771.46 9i14.57 [0S28,74 (2005.47
CUNLLAC 763.96 1566.12 2408.38 3292.7¢ 4271.36 5196.3% 220,17 7295.13 BA23,8S 9.
YERR

ITEN 11 12 {3 14 {5 {6 17 1] {9 20
Energy Cost ($/kwh! 0.098  0.103 0,108  0.117  0.119 0,125 0.13 ¢.178  (.144 (. IC2
Noloadloss (NLL-kw) 1.816  1.Bls 1.8t  1.B1&6  1.816  1.B16  1.Bis  1.816  1.Bl&  1.EBl:
Loadloss (LL-kwi 5.e14  5.614  5.814  5.8i4  5.814 5.814 G.B14 5,814 I.B14 5.8
LoadRating (LR-I) 0 S0 S0 50 30 50 3 3¢ 5 <
NoLoadAnnuallost (NLAC)  1354.76 1632.50 1714,13 1799.81 1889.92 1984.32 2081.50 2i187.71 2297,09 245:.%¢
LoadiossAnnuaiCost (LLAC) 1244.41 1306.83 1371.96 1440,56 1512.59 1588.22 1667.83 751,01 1Bl2.5¢ 1977.4%
TotalAnnualCost {TAC) 2799.17 2939.13 3086.09 3240.39 3402.41 3572.53 375L.15 3938.72 415,65 474088
CUNTAC 24413, 04 27352.77 30438.86 33679.25 3T081.66 40654.19 4440T.3C ABT44,07 S247°,72 52811, 1
CURNLAC 13560.23 15192.73 16906.85 18706,69 20596.51 22580.82 24664.36 26852.08 29149.16 JiSei. 1
CUNLLAC 10853.41 12160,04 13532.00 14972,56 16435,15 18073.36 19740.99 21492,00 23330.5s 282:1.45

YEAR

ITEN 2! 22 3 24 Y5 26 27 28 29 30
Energy Cost ($/kwh) 0.159  ¢.167  0.176  0.184  0.194 0,203  0.213 0.2 235 0.2
NoloadLcss (NLL-kw) 1.816  1.B16  1.816  1.Bl6  1.816  1.Bl&6  1.B1S  1.Bl&  1.B1g  LLEU
Loadloss (LL-kw! 5.814 5814 5,814 5.814 5.814 5.4 5.814 5,814 5.814 5.8
LoadRating (LR-I) 30 50 50 50 30 30 50 50 0 30

NoloadAnnualCost (NLAC)  2532.55 2659.17 2792.13 2931.74 3078.32 3232.24 3393.8° 3563.55 3741.72 3028.8i
LoadlossAnnualCost (LLAC) 2027.01 2128.36 2234.78 234,52 2463.85 2587.04 2716.39 2832.01 2994.82 3144l
TotalAnnuaiCost (TAC) 4539.56 4787.54 5026.91 5278,26 S5542.17 5B19.28 6110.24 415,76 6738.54 M0TLIT

CUNTAC 61381.71 66169.25 711956.16 76474,42 B2014.59 B7835.87 93945.11 100361.8 107096.4 118171.7
CUMMLAL 34093,45 34752.82 39544.95 42475, 49 45555.01 48787.26 52181.11 S5744,45 59486.38 4341519
CUmLLAC 27288.06 29416.42 31651.20 33997.72 36461.57 J9048.61 417465.00 44517,21 47632.07 5075¢.59
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST  LDAD LOSS COST

$132,672 z 418,300 863,415 $50,757

4] 14 14 PV
844,354 $18;300 $14,362 $11,495
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CASE: VAPOR-COOLED - 1000 KVA PURCHASE PRICE: $19,200
YEAR
ITEN 1 2 3 4 M 6 7 8 ] )%
Energy Cost ($/kwh) 0.060  0.063  0.066 0,069 0,073  0.077 0,080 0.0B4 0,085 0,56
Noloadloss (NLL-kw) 1.861 1,861  1.86%  1.8s1  1.B&Y  1.861  1.Bal  1.B1  1.851  1.Ees
Loadloss (LL-kw) 8.52 8.52 8.52 8.52 .92 8.52 8.52 8.52 8.52 8.%2
LoadRating (LR-1) 50 50 S0 50 S0 50 30 S0 5¢ 3¢
NoLoadAnnualCost (NLAC) 978,14 1027.05 1078,40 1132.32 1188.94 1248.38 1310.80 1376.34 1445.1¢ 1517.42
LoadtossAnnualCost (LLAC) 1019,53 1173.50 1234.28 1295.99 1360.79 1426.87 1500.27 1575.29 1&54.05 1774.7%
TotalAnnualCost (TAC) 2097.67 2202.35 2312.68 2428.31 2549.73 2677.22 2B1i.08 295i.63 3099,21 Tlss.yT
CUNTAC 2097,47 4300.22 b612.90 9041.22 §1590.95 14268.17 17079.28 20030.88 23130.09 16734,2»
CURNLAC 978.14 2005.19 3083.59 4215.91 5A04.85 6853.23 7964.04 934036 107ES.S4 12700.%:
CUMLLAC 1119.57 2295.03 3529.31 4825.31 6186.10 7614.97 915,21 10690,49 12344,55 145, 0:
YEAR
ITEM 11 12 13 14 13 16 17 18 1¢ Z.
Energy Cost ($/kwh) 0.098  0.1¢3  0.10 0.1132 0.1 0.125  0.131  0.13 0.144  0,:52
NoLoadlLoss (NLL-kw) 1.861  1.Be:  1.881  1.Be1 . 1.861  1.B6l .84} 1,851 1, E5:
LoadLoss (LL-kw) 8.52 8.52 .52 52 8.52 8.52 52 B.52 .22 8.%:
LoadRating (LR-2) 50 50 50 50 50 S0 50 €0 L s
NoLoadAnnuallost (NLAC!  1593.29 1672,95 1756.40 1BA4. 4T 1936.65 2033.49 2135.16 2241.92 2354.01 24°..7C
LoadLossAnnualCost (LLAC) 1823.59 1914,77 2010.51 21311.04 2216,59 2327.47 2843,79 2545.96 2694.28 2E18.97
TotalAnnualCost (TAC) 3416.88 3I3B7.73 3767.11 3955.47 4153.24 4360.90 4578.95 4R0T.90 5048.29 tI.(.7My
CUMTAC 29801.14 33388.87 37155.98 41111,45 4575469 49:25.60 SA204.55 59012, 44 08050, 74 69720, M
CUMNLAC 13896.24 15589.20 17325.80 19170,27 21106.89 2314¢.37 25275.53 27517.45 29871.47 II147.1¢
CUNLLAC 15904.89 17819,46 19830.18 21941.21 24137.80 26485.22 28929.01 31494,99 34185.2: 375,8.%¢
YEAR
ITEN A 22 3 L 25 25 27 28 29 :
Energy Cost ($/kwh) 0.159  0.167  0.176  Q.184  0.194  0.202  0.213 02244 0.23% (.38
Noloadloss (NLL-ku) 1.861 1.861 1.861 1.Bs1] 1.861 1.861 1.8s! 1.851 1.6s! 1.8
LoadLoss (LL-kw) 8,32 8,52 8.52 8.52 8,52 8.52 8.52 8.52 .52 B.c2
LoadRating (LR-1) 30 30 50 50 30 50 S0 50 St 5
NoloadAnnualCost (NLAC)  2895.30 2725.07 2851.32 3004.39 3154.60 3312.33 3477.95 3851.95 3J824.44 NI:.!:
LoadLossAnnualCost (LLAC) 2970.44 3118.96 3274.91 3J438.66 3610.59 3791.12 3980.68 4179.71 4IBB.6F 4deif.:l
TotalAnnualCost (TAC) 5985.74 S844.03 $136.23 443,084 6765.19 7102.45 7458.67 TB31.56 822114 8oT4CF
CUNTAC 74927.18 B0771.21 84907.44 93350.49 100115.4 107216.1 114677.7 122509.3 130722.4 1393e2.7
CUMNLAC 34938, 48 37663.55 40524.87 43529.25 46683.86 49995.19 33474.14 57125.99 60960.47 ed5E:. ¢
CURLLAC J9986.70 43107.66 46382.57 49821.23 S3431.82 $7222,94 £1203.61 65383.32 69772.02 74380, C
LIFE CYCLE COST = PURCHASE PRICE ¢ WO LDAD LOSS C0ST ¢ LOAD LOSS COS?
$158,547 z $19,200 $64,987 $74,380
4] PV Py PV
$50,762 419,200 1LY $16,045
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CASE: VAPOR-COOLED - 1500 KVA PURCHASE PRICE: $22,600
YEAR
ITEN ! 2 3 4 s 6 7 8 9 16
Energy Cost ($/kwh) 0.060  0.063 0,066 0,089 0,073 0077 0,080 0,084 0,989 0,097
NoloadLoss (NLL-kw) 2.2 2,269 2,289 2,269 2.289 2,289 2,289 2,269 2,289  2,2:%9
LoadLoss (LL-ku) 1,132 1132 10132 WL132 110132 L1320 thI32 0 10.032 16432 1132
LoadRating (LR-1) 30 30 30 50 50 50 S0 50 50 S0

NoloadAnnualCost (NLAC) 1192.39 1252.22 1314.83 1380.57 1445.60 1522.08 159B.18 167B.09 1761.99 150,09
LoadlossAnnualCost (LLAC) 1442.74 1535.88 16J2.60 1693.31 1777.96 1B66.87 1940.22 2056.23 211,14 2249.%0
TotalAnnualCost (TAD) 2655.33 2788.10 2927,50 3073.88 3227.57 3388.95 3E58.40 3738.30 I92T.13 416,28

CUNTAC 2633.33 5443.43 8370.93 11444.81 14572.38 16C81.33 21619.72 25356.05 29279.18 J3i%3. 47
CUNNLAC 1192.59 2444.80 3759,63 5140.20 4589.79 B111.87 9710.05 1:388.14 13156,13 1506,22
CuNLLAC 1462.74 2998.63 4611.30 6304.61 B8082,59 9949.44 11909.68 13947.91 1612905 1838%,2¢
YEAR

ITEn 11 12 13 14 15 16 17 8 19 2
Energy Cost ($/kwh) 0.0 0,103 0,108 0.113 0119 0.125  0.131 0,136 0.14% .18
NoloadLoss (NLL-kw) 2,269 .26 2,269 2.269  2.269  2.269 2,269 2.359 2,26 2.8
LoadLoss (LL-kw) 1132 10132 10,132 10,132 10132 1132 16132 112 1Lt a2
LoadRating {LR-1) S0 RN 30 30 50 G 50 S 5 &
NoloadAnnuslCost (NLAC}  1942,80 2039.73 2141.7% 2248.80 2361.24 2479.30 2603.27 2732.43 287¢.10 3012.4!
LoadlossAnnualCost (LLAC) 2382.66 2501.79 2626.88 2758.22 289,13 3040.94 3192.95 IIT2.64 3520,27 3&%:.1¢
TotalAnnualCost (TAC) 4325.25 454150 476B.59 5007.02 S5257.37 S5520.24 %5796.26 4086.07 6390.37 5704.5°
CUNTAC 37723.72 42265.24 47033.83 52040.85 57298.23 62618.47 68¢14.73 74700.79 B1u91. 16 87301.08
CUMNLAC 16942.82 18982.54 2112426 23373.06 25734.30 28213.460 30815.86 33350.29 I4420,40 39474, %%
CUNLLAC 20780.90 23282.69 25909.57 28657.79 31563.93 J4604.87 37797.86 41150.49 44470.76 463e7.0F

YEAR

ITEN 2 2 23 29 25 2 27 28 29 ki
Energy Cost ($/kwh) 0.139  0.187  0.17¢  0.184  0.194  0.207  0.213  0.224  0.235 0.4
NoloadLoss (NLL-kw} 2,269 2,269 2.269 2,269 2,269 .26 2,269  2.269  2.26%  2.259
Loadloss (LL-kw) 1,132 10,132 11,132 11,132 10132 1132 10,132 1132 1801320 11132
LoadRating {LR-1) 30 S0 50 S0 30 5 50 50 50 3¢

WoloadAnnualCost (MLAC)  3164.29 3322.50 3488.43 3643.04 3846.21 4038.52 4240.45 4452.47 4575,09 4906.85
LoadLossAnnualCost (LLAC) 3881.10 4075.15 4278.91 4492,86 4717.50 4933.37 35201.04 35461.09 3734.15 6029.8:
TotalAnnualCost (TAC) 7043.38 7397.65 7767.54 8135.91 8363.71 8991.89 9441.49 9913.56 10409.24 10929.70

CunTAC 94846.44 102244.0 1300116 118167.5 126731.2 135723.1 145164.6 155078.2 185467.4 (76417.1
CUMNLAC 42598.29 45920.79 49409.42 53072.47 S4918.68 60957.20 65197.65 69650.12 74325,21 79274.05
CmLAC $2248. 14 $6323.30 60602,21 65095.06 69812.54 T4745.93 79966.90 85428.07 91162.22 97185.¢7
LIFE CYCLE COST = PURCHASE PRICE + WO LOAD LOSS COST + LDAD LOSS COST
$199,017 s $22,600 $79,234 $97,183
P 4 PV 14}
$42,553 $22,400 $17,944 $22,009
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CASE: VENTILATED DRY - 500 XVA PURCHASE PRICE: $20,100

YEAR
ITEN 1 2 3 4 S 6 7 | 9 14
Energy Cost ($/kwh) 0.060 0,065  0.086  0.06% 0,073  0.077 0.080  0.084 0,080 (.S
Moloadloss (NLL-kw) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 e
LoadLoss (LL-kw} 3.7 5.7 5.7 S.7 S.7 5.7 S.7 S.7 5.7 5.7
LoadRating (LR-I) 50 50 50 50 50 50 50 S0 & <

NoLoadAnnualCost (NLAC)  1839.60 1931.58 2028.16 2129.57 2236.05 2347.85 2465.24 2588.50 2717.93 2851.52
LoadlossAnnualCost (LLAC) 748.98 786.43 823.75 847.04 910,39 955.91 1003.70 1053.89 1106.58 11¢:.5!
TotalAnnualCost (TAC) 2388.38 1718.01 2833.91 2996.60 3146.44 3303.76 J468.94 642,39 3I024.51 41574

CUMTAC 2588.58 S306.59 8160.50 11157.10 14303.54 17607.30 21076.24 24718.63 28542, 14 7258553
CURNLAL 1839.60 3771.18 5799.34 7928.91 10164.9% 12512.80 [A97E.04 17564.54 20224.47 ZTiTE.0%
CUNLLAC 748.98 1535.41 2341.16 3228.20 4138.59 5094.5¢ 6095.70 751,09 B255.48 94Il.cS
YEAR

ITEN i 12 13 14 15 16 7 16 1¢ <
Energy Cost ($/kwh) 0.098  0.1%3 0,108 0.117  0.119 0128 0171 0138 0.184  0.:5C
NoloadLoss (NLL~kw) 3.5 3.5 3.5 3.3 3.5 3.5 A 5.5 3.5 o3
LoadLoss (LL-kw) 5.7 5.7 s.7 3.7 5.7 S.7 27 5.7 5.7 £
LoadRat:ng (LR-1) 50 50 S0 S0 50 50 50 50 o0 =

NoloadhnnualCost (NLAD)  2995.51 3345.34 3303.66 3468.84 3542,28 3824.40 4015.82 A216.40 #427.20 4edf.S:
LoadLossAnnualCost (LLAC) 1220.01 1281.01 1345.06 1412.31 1482.93 {957,068 18634.97 1714.¢8 1BOC.S1 1B°I.:
TotalAnnualCost (TAL) 4216.52 4427.35 A648.77 4881.15 G5125,21 S381.47 5650.5% S9I1.07 6229.77 sIalIt

IS

CUNTAC 36775.40 41202.75 45851.47 50732.62 SS8S7,ET 61239.3) £6889.85 72821.92 79052.85 BIECI. 8
CURNLAC 2613480 29231, 14 32564.80 34055.64 39693.90 43520.32 47535.93 51752.75 S8179.5% elElz.iD
CUMLLAC 10640,59 11921.60 13266.60 14678.98 16161.91 17718.98 19333.91 21070.59 22873.10 247¢5. 70
YEAR

ITEm 2! 22 23 2 25 24 a 28 29 3
Energy Cost ($/kwh) 0.159  0.167 0,176  0.3B4  0.194 0,207 L2130 0,224 0,235l IE
NoloadLoss (NLL-kw) 3.5 3.3 3.3 3.3 .5 3.3 A 3.3 3.8 P
LoadLoss (LL-kw) 3.7 3.3 5.7 3.7 3.7 5.7 $.7 s 5.7 5
LoadRating (LR-X) 0 30 30 Se 50 S0 5¢ 50 50 50.

NoloadAnnualCost (NLAC) 4881.01 5125.06 95381.31 3850.38 5932.89 6229.54 4541.02 #BoB.07 7211.47 7570.04
LoadLossAnnualCost (LLAC) 1987.27 2086.63 2190.96 2300.51 2415.54 2536.31 2663.13 2796.28 2936.10 3032.92
TotalAnnualCost (TAC) 6868.27 7211.49 7572.27 7950.88 B348.43 B765.85 9204.14 964,35 10147.57 10834.55

CUNTAC 92462.14 99673.82 107246.0 115196.9 123345.4 132311.2 141515,4 151179.7 181327.5 I719€2.2

CUMNLAC 45709.13 70834.19 76215.50 81845.87 B7798.77 94028.30 100569.3 107437.3 114648.8 122225.9
CONLLAC 26753.00 28839.63 31030,59 33331.10 35746.64 38282.95 40946.08 #3742.36 46678.46 4976136
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LDSS COST + LOAD LOSS COST
$192,082 . $20,100 $122,221 849,761
PV PV PV PV
$59,049 $20,100 $27,679 811,269
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CASE: VENTILATED DRY - 750 kva PURCHASE PRICE: $21,50¢C

YEAF
ITEN 1 2 3 4 3 b 7 8 9 ¢
Energy Cost ($/kwh) 0.060  0.063  0.066  0.96%  0.073  0.077  0.080  0.084 0,089 0,057
NoloadLoss (NLL-kw) 4.6 L 4.8 LN 4.6 4.6 4.6 4.6 L 4.t
LoadLoss (LL-kw) 1.7 7.7 1.7 1.7 .7 1.7 1.7 1.7 7.7 7.7
LoadRating (LR-1) %0 S0 30 S0 0 S 9 o Rl ol

NoloadAnnualCost (NLAC)  2417.76 203B.45 2665.58 2798.84 2938.80 3085.74 3240.03 3402.03 3572.13 275..7:
LoadLossAnnuallost (LLAC) 1011.78 1062.37 1115.49 1171.26 1229.82 1291.32 13S5.88 14Z3.88 14G4.E5 1S:%.:f
TotalAnnualCost (TAC) 3429.54 3601.02 3781.07 3970.12 416B.65 4377.06 4595.9. 482571 50::.99 SIIn e

CUNMTAC 3429.54 7030.56 10811.62 14781.75 18950.37 23327.4% 27923.74 3274%,05 37316.04 4717c. 3%
CUMNLAC 417,76 4956.41 7621.99 10420.85 13359.65 16445,39 19685, 4' 23067.45 2665¢,859 oyt
CUMLLAC 1011.78 2074,15 33189.64 4350.90 S5590.72 68B2.04 B237.92 96e!.60 111S4.48 12700
YEAR

ITEN it 12 13 14 1% 16 17 18 19 e
Energy Cost ($/kwh) 0.098 0.103 0.108 0.113 0.119 0.12% 6.131 0.138 0.144 foisl
Noloadloss (NLL-kw) 4.6 4.6 4.6 4,4 4.6 4.4 4, 4.4 4.5 4=
Loadloss (LL-kw) 1.7 7.7 1.7 1.7 1.7 7.7 7.7 7.7 1.7 T
LoadRating (LR-1) S0 90 50 S0 S0 S0 S0 S 5 S.

erAecrmer et r e e e r e, e A G m— .- ———————— D ettt badnd

NoloadAnnuallost (NLAC)  3938.28 4135.19 434,95 4S55.05 4787.00 S5026.35 5277.67 GS541.5% EBIB.&3 51I7.%5:
LoadlossAnnuaiCost (LLAC) 1648.08 1730.49 1817.01 1907.8 2003.26 2103.42 220B.5% 2016.07 2424,97 2%i:.7
TotalAnnualCost (THC) 3566.36 5B65.68 6158.96 6485.91 6790.25 7129.77 T4B8s.25 7BeI.5T 3223.60 BssnllE

—— - - P T T Terep.

CUNTAC 48722.74 S4588.42 60747.38 &7214.29 74004.54 B1134.31 B8S20.57 9oAB!. 13 1047747 1TALLLG
CURNLAC J4348.60 I8483.79 42825.74 47384.78 S2171.78 ST198.13 6247580 6B017.38 TIEIS.9E TICAE G4
CUMLLAC 14374, 14 16104,63 17921.64 19829.50 21832.75 23934.17 26144,78 2B4e>.78 30293.75 21455.47
YEAR

ITEX 2 22 3 U 25 i 27 28 29 M¢
Energy Cost ($/kwh) 0.159  0.147 0.176 0.184  0.194 0.203  0.213 0,224 0.23¢ 0,247
NoloadLoss (NLL-kw) 4.6 4.6 4.6 4.6 4.6 4.6 4.8 4.4 LI 4,5
Loadloss (LL-kw) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 7.7 1.7 b

LoadRating (LR-1)

30 50 50 30 50 50 30 30 5) S

......

NoloadAnnuaiCost (NLAC)  6415.04 4735.79 7072.58 7426.21 7797,52 81B7.39 8596.76 9026.6C 9477.93 9¥51.80
LoadlossAnnualClost (LLAC) 2684.55 2818.78 2959.72 3107.71 3263.09 3426.25 3557.56 3777.44 3968.31 4lbd.el
TotalAnnualCost (TAC) 9099.59 9554.57 10032.30 10533.91 11060.41 $1613.64 12194.32 12804.04 13444,24 14:16.45

CUNTAC
CUMNLAC
CUMLLAC

122500.4 132055.1 142087.4 152621,3 163681.9 175295.5 187489.9 200293.9 213738.2 227834.6
84360.57 93094.36 100168.9 107595,1 115392.6 123580,0 132176.8 1412034 150681.7 160433, 0
3614002 38958.80 41918.52 45026.23 48289,32 51715.57 S5313.12 59090.56 63050.87 67221.49

LIFE CYCLE COST
$249,355
Py
$73,102

= PURCHASE PRICE ¢ WO LDAD LDSS COST + LDAD LOSS COST

* $21,500 $160,5633 $67,221
4] PV Py
$21,500 836,378 |
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CASE: VENTILATED DRY - 1000 KVA PURCHASE PRICE: $24,300
YEAR
1TEN 1 2 3 4 S [ 7 8 ¢ 1
Energy Cost ($/kwh) 0.060 0,062 0,066 0,069 0,073  0.077  0.080  0.084  (.029 0,087
Noloadloss (NLL-kw! $ 6 ') 6 [ & [ 6 6 )
Loadloss (LL-kw) 8.2 .2 8.2 8.2 8.2 8.2 8.2 8.2 .2 .z
LoadRating (LR-1) 50 S0 50 50 <0 50 50 50 5i £
NoLoadAnnualCost (NLAC)  3153.60 3311.28 34756.B4 3650.69 3B33.22 4024.88 4226.13 A437.43 465930 A55..27
LoadlossAnnualCost (LLAC) 1077.48 1131.35 1187.92 1247.32 1309.68 1375.17 1447.97 151&.12 159..97 1&78.50
TotalAnnualCost (TAC) 4231.08 A4447.63 4664.77 4B93.00 SI142.90 S5400.05 S5670.05 S595I.55 425:.27 4S:I.7%
CUNTAC 4231.08 B&73.71 13338.48 18236.48 23379,39 28779.44 JA44G.49 40403, (4 84552,25 €320,
CUNNLAC JIS3.60 6464.88 9941,72 13592.41 17425.63 21450.51 25676.64 J0114.07 24773.37 It5eS.04
CUNMLLAC 1077.48 2208.83 3396.76 444,07 5953.75 7326.97 B772.85 10286.97 I188C.%0 1ITElL4C
YEAR
1TEN {1 12 13 14 15 16 17 18 1¢ :
Energy Cost ($/kwh) 0.098  0.105  0.108  0.113  0.119 0,125 0.1C4 0.138  (.144 152
NoLoadLoss (NLL-kw) [ 6 5 6 b b 4 [ 5 5
Loadloss (LL-kw) 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 .2 E.C
LoadRating (LR-1) S0 50 50 50 50 3¢ 50 50 50 N
NoloadAnnualCost (NLAC)  5136.88 S5393.73 Sé03.41 S5946.598 242,91 BSS6.11 6B833.91 7228.:1 7589.51 73sE.3¢
LoadlossAnnualCost (LLAC) 1755.10 1B4Z.8B6 1935.00 2031.75 2133.34 2240.00 2352.40 2469.00 29§3.08 2720.74
TotalAnnualCost (TAC) 6891.98 7235.58 7398.41 7978.33 83I7T.25 879s.11 9235.97 9e97.71 I018I.30 intasiL7T
CUMTAC 50110,05 67346.63 74945,04 B82923,37 91300, 42 100096.7 1093326 119030.3 120212.9 1539045
CUMNLAC 44802.52 50196.25 55859.66 61806.24 68050,15 74606.26 81490.17 88718.23 9e707.20 154777
CUMLLAC 15307,52 17150,38 19085.38 21117.13 23250.47 25490.47 27642.47 30312.06 2290S,:8 13817,
YEAR
1TER 21 22 3 i 5 2t o 2 e N
Energy Cost ($/kwh) 0.15%9 0,167 0178 0.184  0.194 0,203 0.213 (.24 ot I
NoLcadloss (NLL-kw) ) [ [ 6 ¢ b ) ¢ : s
Loadioes (LL-kw) 6.2 8.2 8.2 8.2 8.2 6.2 6.2 g.2 8.2 3.
LoadRating (LR-1) 50 5¢ 50 S0 ML S¢ 5¢ R 3 5.
NoLoadAnnualCost (NLAC)  8367.44 B785.81 9225.10 9685.26 10170,68 10679,21 LIZ212.07 §i772,87 12782,80 10720 e8
LosdlossAnnualCost (LLAC) 2B58.88 3001.82 3151.91 3309.51 3J474.98 3J64E.73 3IBT1.17 #022.72 4277.8c 447108
TotalAnnualCost (TAC) §1226.31 11787.863 12377.01 12995.96 130645,65 14327.937 15244,37 18796.59 1888:.77 17410, 68

CunTAC
CUNNLAC
CUNLLAC

1511310 162918.6 175295, 188291.°
112644,2 121450.¢ 130625.1 140341.5
36485.77 41488.59 44640.50 47950.01

201957.1 216265.1 231309.4 247105.9
150512.1 161191.3 172404.5 184178.2
$1424.99 55073.72 S8904.09 62927.61

263692.5 2BI1G8.C
196540,9 2092219
67151.47 7158e.52

LIFE CYCLE COST
$305, 408
PV
887,962

= PURCHASE PRICE + MO LOAD LOSS COST + LOAD LOSS COST

$24,300 $209,522
PV Py
424,300 $47,450

A-27

$71,587
PV
$18,212




CASE: VENTILATED DRY - 1500 KVA PURCHASE PRICE: $32,300

YEAR
ITEN 1 2 3 4 S b 7 ] 9 10
Energy Cost ($/kwh) 0.060 0.063 0.066 0. 069 0.073 0.077 0.080 0.084 0.069 0.0%3
Moloadloss (NLL-ku) 8 8 8 8 8 8 8 8 8 8
LoadLoss (LL-kw) 9.4 9.5 9.6 9.6 9.4 9.6 9.6 9.6 9.6 9.8
LoadRating (LR-1) 50 50 50 50 S0 S0 $0 50 5 5(

NoloadAnnualCost (NLAC)  4204.80 44135.04 4635.79 4867.58 5110.96 5366.51 S5634.87 S§916.58 6212.40 6523.02
LoadlossAnnualCost (LLAC) 1261.44 1324.3%1 1390.74 1460.27 1523.29 1609.95 1690.45 1774.97 1863.72 195t.5)
TotalAnnuallost (TAC) S456.28 5739.35 6026.53 5327.86 644,25 4975.46 7325.28 7691.35 B074.13 84759

CUNTAC 5466.24 11205.79 17232.32 23560.18 30204.43 3718C.89 44506.17 52197.72 60275.8% £8755.78
CUNNLAC 4204.80 8619.84 13255.63 18123.2) 23234.17 28600.68 34235,52 40152.09 44364.50 526¢7,%2
CUMLLAC 1261.44 20B5.95 3976.69 S54356.96 $970.25 8580.20 30270.66 12045.63 13909.35 1585:,28
YEAR

ITEN 1 12 13 14 13 16 17 18 19 2
Energy Cost ($/kwh) 0.098 0.100 0.108 0,113 0.109 0,125 0131 0,136  0.144  0.i52
NoloadLoss (NLL-knm) 8 8 8 8 8 8 8 8 8 ]
Loadloss (LL-kw) 9.6 9.6 9.4 9.6 9.6 9.6 9.¢ 9.6 9.¢ A
LoadRating (LR-1) 50 50 0 50 0 30 S S Py 2

NoloadAnnuaiCost (NLAC) 6845.18 T7§91.63 7351.22 7728.78 BI25.:22 8741.48 978,50 9837.48 1011935 10625.72
LoadlossAnnualCost (LLAC) 2054.75 2137.45 2251.37 2378.67 2457.56 2622.44 2753.57 2891.24 30TE.81 Iig7.:f
TotalAnnualCost (TAC) 8903.97 9349.13 9816.56 10307.41 10832.78 11363.92 11932.12 $2525.72 13158, 16 §3510.92

CUNTAC 77657.70 B7006.83 96823.41 10713G.8 157953.6 129317.5 141249.6 153778, 7 165932.5 181745.4
CUMRLAC 59734.69 66926.33 74479.55 02408.32 90733.54 99475.02 108653.5 118291.0 126410.4 13%028.7
CURLLAC 17921.00 20078.50 22343.86 24722.49 27220.00 29842.50 32595.07 35487,31 3B527.12 41710.7¢
YEAR

ITEN 2 2 3 A el 2 27 28 29 0
Energy Cost {$/kwh) 0.139  0.167 0.176  0.184  0.194 0,203 0,213 0.224  0.235  0.247
NoloadLoss (NLL-kw) 8 8 8 8 8 8 8 8 8 8
Loadloss (LL-ku) 9.6 9.4 9.4 9.6 9.4 9.8 9.4 9.6 9.4 9.6
LoadRating (LR-1) 30 30 30 30 30 50 50 30 S0 30

NoloadAnnualCost (NLAC) 11136.39 §1714.42 §2300.14 12915.14 13360.90 14238.93 14950.89 15696.44 18462,3¢ 17307.35
LoadLossAanualCost (LLAC) 3346.98 3314.32 3490.04 3874.34 4060.27 4271.68 4485.27 4709.53 4945,01 5192,24
TotalAnnsalCost (TAD)  14303.56 15228.74 15990.17 16789.68 17629.17 18510.62 19434, 26 20407.96 21428.36 22499.78

CUNTAC 195250.0 210478.7 226468.9 243230.6 260887.7 279398.4 298834.5 319242.5 340470.9 383170.4
CUmLAC 150192, 3 161906.7 174206.8 187122.0 200682.9 214921.8 229872.7 243571.1 262054.5 279362.0
CIMLLAC 45057.69 48572.01 52262.05 S6134.60 60204.87 64475.53 68961.02 73671.35 78b16.36 83808, 6!
LIFE CYCLE COST = PURCHASE PRICE ¢ MO LOAD LDSS COST + LOAD LOSS COST

193,471 s 432,300 $2719, 362 423,809

(4} 4] 44 4]
$114,547 432,300 863,267 418,980
A-28




CASE: SEALED DRY - 750 Kvh

PURCHASE PRICE: $43,600

..............

YEAR
ITEN ! 2 3 4 S s 7 8 9 !
Energy Cost ($/kwh) 0.060 0,065 0.066 0.069 0.07C  0.077  0.080  0.0B4  G.08¢% G.0%7
Moloadloss (NLL-km) 3 3 3 N 3 3 3 3 M N
LoadLoss (LL-kw} 9 9 9 9 9 9 9 9 9 3
LoadRating (LR-1} 0 S0 S0 S0 50 50 S0 59 <0 :
NoloadAnnuallost (NLAL)  1574.80 1555.64 1738.42 1B25.34 1915.51 2012.84 2113.06 2218.72 2229.55 243s..°
LoadLossAnnualCost (LLAC) 182,60 1241,73 1303.82 1369.01 1437.46 1509.33 1584.30 1664.04 1747.24 1E3¢.:
TotalAnnualCost (TAC) 2759.40 2897.37 3042.24 3'94.35 3354.07 3521.77 3697.85 3BB2.75 407e.£7 42:..74
CUNTAC 2739.40 S656.77 8499.01 11693.36 15247.4% 18765.20 22447.06 26349.81 o225, 70 TATT 4l
CURNLAL 1576.80 3232.44 4970.8c 4796.21 B712.82 10725.26 12836.32 15057,07 17785.89 16870,20
CUMLLAC 1182.60 2424,33 728,15 S5097.15 6534.61 B043.94 9628.74 {1292.76 (1040, 01 14ETE el
YEAR
ITEX i1 ¥ 13 14 15 1¢ 1? 13 $s N
Energy Cost ($/kuh) 0.098 - 0.103 0.108 0.112 0.119 ¢.128 C. 128 0.138 0,148 <l
Noloadloss (NLL-kw} 3 3 3 3 M 3 3 M N
Loadloss (LL-kw) § 9 9 9 9 § 9 3 9
LoadRating (LR-1) S0 S0 50 S0 S0 S50 SC 5 e <
NoloadAnnualCost (NLAC)  204B.44 2696.86 2B831.71 273,29 3121.%6 3278.(5 344.% 3614.05 37°4,7% I3:58.°
LoadlossAnnualCost (LLAC) 1926,33 2022.65 2123.78 2229.97 2341.47 2458.54 2531.47 2710.54 D28&e.y7 29:1.1°
TotalAnnualCost (TAC) 4494.77 A719.51 4S54T 5203.Z6 SA63.42 STIE.S9 602T.40 6II4.ev ged BT a¢TLIC
CUNTAC 39202.20 43921,71 48877,20 S408C. 46 S9543.88 65080.48 71503.90 776,50 BAIsS, 12 §ilil,:c
CUMNLAC 22401.26 2509E,12 27929.83 30993.12 34025.07 37303.13 4074508 44755, 14 4E:ST.90 SIiT. Tt
CUNLLAC 1680(.94 18823,59 20947,37 23177.34 25518.80 27977.34 305SE.B1 31269.3% J&l1S.47 795107
YEAR
[TEM P! 22 23 24 85 % 27 2 2¢ N
Energy Cost ($/kwh) 0.159  0.187  0.176  0.1B4  0.194  0.203  0.21  0.224 0.27% L
Noloadloss (NLL-kw) 3 3 3 3 3 3 3 3 3 N
LoadLoss (Li~kw) 9 9 9 9 9 9 9 9 9 S
LoadRating (LR-1) 30 S0 50 S0 S0 0 50 50 56 5
NoloadAnnualCost (MLAC)  4183.72 4392.91 4612.55 484,18 35085.34 5339.40 S5606.58 5886.91 &181.25 od5.0]
LoadLossAnnualCost (LLAC) 3137.79 3294.68 3459.41 3632.38 3814.00 4004.7C 4204.94 441519 4635.94 48:7.°¢
TotalAnnualCost (TAC) 7321.51 7687.59 B071.956 B8475.56 8899.34 9I44.31 9611,52 10302.10 10817.20 1i25¢. ¢
CUNTAC 98563.70 106251.2 114323.2 122798.8 131698.1 141042.4 150RS3.9 161156.0 171973.2 1833317
CURNLAC $6322.11 60715.02 £5327.57 70170.75 75256.08 80595.69 B6202.27 92089.19 98270.45 1047:0.7
CunLLAC 42241.58 45536.26 48995.57 52628,06 56442.06 80445.77 648651.70 69066.89 73702.83 78570.5¢
LIFE CYCLE COST = PURCHASE PRICE + WD LOAD LOSS COST ¢ LOAD LDSS COST
$232,931 z $49, 4600 $104, 751 $78,571
4] ] PV PV
$91,119 $49, 400 $23,725 $17,794
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CASE: SEALED DRY - 1000 XVA PURCHASE PRICE: $52,807
YEAR
ITEN 1 2 3 4 S [ 7 8 9 10
Enargy Cost ($/kwh} 0.060 0,062  0.068  0.069  0.073  0.077 0.080  0.084 0,039 0.{%7
Moloadloss (NLL-kw) 3.9 3.9 3.9 3.9 3.9 3.9 L9 3.9 2.9 .8
Loadloss (LL-kw) 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 1.9
LoadRating (LR-1) 50 50 50 S0 50 g0 50 50 &0 t!
NoLoadAnnualCost (NLAC)  2049.84 2152.33 2259.95 2372.95 2491.59 2815.17 27446.98 2B84.33 3026.55 3178,:°
LoadlossAnnualCost (LLAC) 1563.66 1641.84 1723.94 1B10.13 1900.64 1995.567 2095.45 2200.27 2T106.24 242¢.7¢
TotalAnnualCost (TAC) 3615.50 3794.18 J983.B8 41BI.08 4392.27 44!1.84 4B42,44 S0E4.SH SITB.IE Eslc.TC
CUNTAC 3613.50 7407.468 11391.56 15574.64 19966.87 24578.71 29421.1%5 34S05.70 I9644,45 454500
CUMNLAT 2049.84 4202.17 6462.12 BBIL.07 11326.66 13942.85 16689.81 19574.15 22602.6% 257il.c7
CUMLLAC £563.66 3205.50 4929.48 $739.57 8640.27 10875.88 $2731.33 14531.56 17041.80 18:27.59
YEWR
1TEX 11 12 13 14 15 16 17 18 19 2
Energv Cost ($/kwh} 0.098  0.103  0.108 0.113 ¢.119 6,135 G.83) 6.:38 G (.12
MoLpadLoss (NLL-kw) 3.9 3.9 3.9 3.9 3.9 2.9 2.9 3.9 3.3 s.S
Loadloss (LL-kw) 11.9 11.9 11.9 11.9 11.9 i1.9 11.9 11.§ 1.6 LS
LoadRating (LR-1) S0 S0 50 S0 S0 50 S0 Sh S <.
NoLoadAnnualCost (NLAC)  3338.97 3505.92 3681.22 3BeS.28 40CS8.54 426147 &474,54 &498.077 4977.:8 S:i7%,::
LoadlossAnrualCost (LLAC) 2%47.04 2674.39 2808.11 2948.5: 3095.94 3J250.74 412,27 3533.94 I7sl,13 I1%¢5.15
TotalfnnualCost (TAD) 5885.01 4160.31 o489.33 6B13.79 7154,48 7512.2% V887,87 €2BI.T1 Be%s.II WiTiLul
CURTAC S1336.22 S7516.53 64005.86 70819.565 77974, 13 BEABe, 24 93374, 06 1018522 $10ISI.8 11830,
CUNNLAC 2912164 32627.56 36306.78 40174,05 44200,60 4B454,07 S2968. 61 S7otc. 38 £2500,07 677756,
CUMLLAC 22214,58 24888.97 27697.08 30645.59 33741,53 38992.27 40405.54 47995,48 47752,81 SiT0T, %
YEAF
{TEN 2 2 23 U 25 26 7 28 29 o
Energy Cost ($/kwh) 0.159  0.187  0.176  0.184 0.194  0.203  0.212 0.224 £.23¢ O
NoLoadloss (NLL-kw) 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 2.9
Loadloss (LL-kw! 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.¢
LoadRating (LR-I) 50 S0 S0 S0 50 50 S0 S0 S 5
MoloadAnnualCost (NLAC)  5438.84 $5710.78 5996.32 6295.13 &610.94 6941.49 7288.56 7652.9° B0IS.34 847747
LoadlossAnnualCost (LLAC) 4148.85 43%6.30 4574,11 4802,82 S042.96 5295.11 S5559.86 SB837.86 4129.75 &47s5.°
TotalAnnualCost (TAC) 9587.69 10067.08 10570.45 11098,95 11653.9C 12236.59 12848.42 13490.B4 14165.79 14872,00
CUNTAC 129071.5 139138.5 148709.0 1560807.9 172441.8 104698.4 197544.8 211077.7 225202.1 2400°¢.7
CUMNLAC 73218.75 78929.52 84925.84 91221,97 97832.91 104774.4 112052.9 119715.9 127751.5 15418%.0
CUMLLAC $5852.76 40209.06 54783.17 69585.99 74628.95 79924.06 85483.92 91321.78 97451.57 103587.7
LIFE CYCLE COST = PURCHASE PRICE + MO LDAD LOSS COST + LOAD LOSS COST
$295,677 L $55, 600 $134, 189 $103,888
4] Py PV PV
$109,970 $53, 600 $30,843 $23,527
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CASE: SEALED DRY - 1500 KVA PURCHASE PRICE: $67,100

YEAR
ITEN | 2 3 4 S [ 7 8 9 14
Energy Cost ($/kwh) 0.060 0.063 0.066 0.049 0.072 0.077 0.080 0.084 0.059 nel
Noloadloss (NLL-kw) S 3 S S ) S ] S S <
LoadLoss (LL-kw) 1.5 11.5 11.5 11.5 1.5 11.5 1.5 11.5 11.¢ LS
LoadRating (LR-1) S0 S0 S0 S0 S0 50 5 50 o =
NoloadAnnualCost (NLAC)  2628.00 2759.40 2897.37 3042.24 3194.35 32354.07 3521.77 3497.86 2892.7% 407:.¢:
LoadLossAnnualCost (LLAC) 1511.10 1586.66 1645.99 1749.29 1B36.7%5 1928.59 2025.02 2126.27 2232.53 27447
TotalAnnualCost (TAC) 4139.10 4344,06 4563.36 4791.53 SO31.10 S252.46 S5546.79 582413 &1:5.74 54l
CUMTAC 4139.10 B485.16 13048.5]1 17840.04 22871.14 26152.80 3370C.59 39524.72 4Ss40,05 S0 -11F
CUMNLAC 2626.00 35387.40 B8284.77 11327.01 14521.36 17875.43 21397.2C 25095.0& 28577, 8: TIifi.T!
CumLLAC 1511.00  3097.76 A763.74 6513.03 B8349.78 10278.37 12707.39 14429.66 §bzal. o8 150l 2t
YEAR
1TEN 11 12 13 14 18 16 17 1€ {¢ 2
Energy Cost ($/kwh) 0.098 2.102 0.108 0.113 0.119 0.125 0,131 0.138 G.04% ite
Noloadloss (NLL-kw) $ 3 3 S S ] S S S <
Loadloss (LL-kw) 11.3 11.5 1.3 11.5 11.5 11.8 11,5 11.5 H .S
LoadRating (LR-2) 50 50 50 S0 §0 S S0 0 b <
NoLoadAnnualCost (NLAL)  4280.74 4454,77 4719,C1 4955,49 S207.26 SA63.42 S73:.59 6027.42 8325.50 622030
LoadlossAnnualCost (LLAC) 24p1.42 2584.49 2713.72 2B49.40 291,87 3141.47 298,54 46247 3ole.bd CEIZ. &7
TotalAnnualCost (TAC) 6742.16 7079.27 7431.23 TB04.89 BI9S..5 Bo04.E9 9035.14 94Bs.BY 9941.74 [i4S:]
CUNTAC 58803.31 #5882.57 73215.80 81120.49 89315.87 97920.72 106355.9 116842,7 12043.% (153:0.0
CUMNLAC 37335.47 41830.20 #6549.7) 51505.20 S4708.46 62171.8B 4790B.46 72621.90 BOZEs. S0 82207, 02
CUMLLAC 21467.87 24052.36 26766.08 29615.49 32607.36 35748.85 39047.37 42516.84 4p147 48 439:5.6:
YEAR
1TENR 2 2 P 1 % 2 réi 28 29 b7
Energy Cost ($/kwh) 0.159  0.167 0.176  0.184  0.194  0.203 0,213 0,224 A N
NoloadLoss (NLL-kw) S S S ) $ 3 S S S 5
Loadloss (LL-kw) 11.5 11.5 11.% 11.5 11.5 11.5 11.5 1.8 11.5 1.5
LoadRating (LR-1) 50 50 50 S0 S0 50 50 S0 5 S.
WoloadAnnualCost (NLAC) 4972.87 7321.5f 7687.39 B071.95 8475.54 £899.34 9344.31 9811.52 10302.1¢ 105:7.2
LoadlossAnnualCost (LLAC) 4009.40 4209.87 4420.34 4641.38 4873.45 S117.12 S372.98 S5641.83 S923.71 6219.3¢
TotalAnnuslCost (TAC) 10982.26 11531.38 12107.95 12713.34 §13349.01 14026.46 14717,29 15453.15 16225.8¢ 17027.:¢
CUNTAC 147845.5 159376.9 171484.8 184198.2 197547.2 211563.6 226280.9 241734.1 257959.9 274997,
CUMNLAC 93870.19 101191.7 108879.2 116951.2 125426.8 134726.1 143670.4 §534B1.9 163784.0 174c(1.2
CUMLLAC 33975.36 58185.22 £2605.59 67246.97 72120.41 77237.53 82610.51 88252.14 9417584 10039C.7
LIFE CYCLE COST = PURCHASE PRICE + NO LOAD LOSS COST ¢ LDAD LOSS COST
$342,097 t $47,100 $174,601 $100, 395
4] 4] 4] 4]
$129,378 $467,100 139,542 $22,736
A-3]




CASE: CASY COIL - 23 KVA

PURCHASE PRICE: $11,7¢9

YEAR
ITEN 1 2 3 4 1 b 7 8 9 14
Energy Cost ($/kwh) 0.080 0.083 0,066 0.059 0.073 0.077 0.082 0.064 0. 08 £.0=2
NoLoadLoss (NLL-kw! 0.35 0.35 0.35 0.25 0.35 38 0.25 0.35 b s
Loadloss (LL-ka! 1.2 1.2 1.2 1.2 1.2 ! 1.2 1.2 1.2 :
LoadRating (LR-1) 50 50 50 5 S0 5¢ 5. e £ H
NoloadAnnualCost (NLAC) 183.96 193,18 202,82 212.96 223.50 2%4.78
LoacLossAnruallost (LLAC) 1S57.68  165.56 173.84 [82.55 191.66 20!.24
TotalAnnualCost (TAC) J41.64  35B.72  378.66  39S5.49 415.07 435,07
CuMTAC J41.64 700,26 1077.02 1472,51 199T.78 2223.8:
CUPNLAC 182.96  377.12  579.93 792,89 101e.50 1251.2
CUNLLAC 157,68 323.24 497,09 679,82 875.28 1Q72.%:
YEra
ITer 1 12 13 14 1s 16 {7 18 16 :
Energy Cost ($/kwk) ¢.098 0.1C3 0.1¢2 0.113 0.119 0.:29 ol 0.138 0.144 RN
Naloadloss (NLL-ke! 0.35 0.25 .35 2.258 ¢.28 v 0.28 ¢.2% ¢, -
LoadLoss {LL-kw) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 H :
LoacRating (LF-T) £0 59 st 50 9 S S s o <
NoLoadArrualCost (NLAC) 299.65 314,63 ITC.IT 346,88 J54.20 33044 401.5¢  4D1.34 M42.72 dnd i
LoadlossAnnuallost (LLAD, 25:.84  28%.0%¢ 282.17 297,37 L PRI e - HEY T et - PO B S Y BT
TotalAnnuallost (TAD) S55.50  SBA.32  AIT.S4 aM4 M 75,47 740,25 T4S.Ts TETLE 22,20 8l
CUMTAC ABSI. 61 SA37.93 60C1.46 H69I.88 TI72.1C B082.35 B8I8.10 9ell.iT 10431.3% iil6s.eS
CUMNLAS 2612.48 2928.11 3258.42 3505.34 3985.59 4252.07 A7SI.S9 5175, SeiT.35 pisn. @
CUNLLAL 2240,13 2509.8! 2792.99 3090.31 I402.51 3720.3¢ 4CTA.S: 447C.9] A§IE.I9 Elil.cd
YEAR
1TEN ol 2 23 i B 26 ) 28 25 M
Energy Cost ($/kwt) 0.159 0.167 0.174 0.184 0.194 0.2035 0.213 0.224 0.235 ¢.2¢°
NoLoadloss (NLL-kw: 0.35 0.35 0.25 0.5 0.35 2.3 0.35 3% c.35 8.3
Loadloss (LL-kw) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
LoadRating (LR-2) g0 50 50 S0 50 50 50 S0 59 Su
NoloadAnnualCost (NLAC) 488.10 512.51 S38.13  5A5.084 593.29 422.95 454.10 6Be.8L 721.15  EN 20
LoadLossAnnualCost (LLAC) 418.37 39.29 461.26 484.32 SOB.5T  S531.94 S46C.46 58B.49  41E£.13  ede.(C
TotalAnnualCost (TAC) 906.47 951,80 999.39 1049.35 1101.82 1156.91 214,76 1275.50 1339.27 140:.2¢
CUNTAC 12203.13 13154.92 14154,31 15203. 64 16305.49 17462.40 18677.16 19952.66 21291.93 22498,47
CUMNLAC 4570.91 7083.42 7621.55 8185.59 8779.88 9402.8% 10056.93 10743.74 11464.89 12222.06
CUMLLAC 3632.21 46071.50 4332.76 7017.08 73525.41 B059.57 8620.23 9208.92 9827.05 1047¢.0S
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST + LOAD LOSS COST
$34,447 = $11,769 $12,222 $10,476
(4] PV 4} 4
$16,909 $11,789 $2,768 2,313
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CASE: CAST CCIL - 75 KVA

PURCHASE PRICE: 912,242

YEAR
1TEN 1 2 3 4 5 6 7 8 9 H
Energy Cost ($/kwh) 0.060 0,063  0.085  0.049 0,073  0.077  0.0B0  0.084  0.0%¢ &, 0
NoloadLoss (NLL-kw) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 S
Loadloss (LL-kw} 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 i
LoadRating (LR-Y) 50 S0 S0 50 S0 S0 S¢ S0 S <
NoloadAnnualCost (NLAC! 236,52 248,35 260.76 273.80 287.49 301.37 316.96 332.B1 GAS.45  3s:.90
LoadlossAnnualCost (LLAC) 236.52 248.35 260.76 273.80 287.49 301,87 I:16.95 332,81 49,45 i ¢f
TotalAnnuallost (TAC) 473.04 496,69 521.57 SA7.6C 57498 802.73  633.92  4eS.6!  5R.YD TIT 3l
CUmTAC 473,08 949,73 1491.26 2038.86 2613.84 2217.58 3€51.5C 4S5:7.11 S21e. 0y €Re e
CUMNLAC 234,52 484,87  TAL.63 1019.47 1306.92 1803.79 1925.75 2258.5& 282,00 29TL.%l
CUMLLAC 235,52 484,67 TAS.67 1019.47 1304.92 1808.79 1925.75 2259.5¢ 2608, 1%Ll
YE&R
1TER 11 12 13 14 15 it 17 18 19 z
Energy Cost ($/kwh) 0.098 103 0.108  0.113 0.119 0.129 0.131 0.138 0.144 0.:<:
NoLoadLoss (NLL-kw) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0,45 r.4s TLaE
Loadloss (LL-kw! 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 e
LoadRating (LF-X) g0 S0 S0 50 S 50 S0 o 52 <
NoLcadAnnualCost (NLAC) 385.27 404,53 424,76 435.99  458.2F 490,71 53829 EALL:! 58,0 fet.T
LoadlossAnnualCost (LLAC) 383.27 404,53 424,76 M45.99 448,29 491,70 516,29 S42.11 583,20 €6°..°
TotalAnnualCost (TAC) 770.53 809.06 B45.51 B91,99  935.59  95I.42 101,59 (084,72 117887 y8%.C
CUMTAC 6720.38 7529, 44 B378.95 9270.94 10207.52 §1190.94 12223.53 13307.74 (Asa, 57 issar Cl
CUMNLAC 3380.19 376472 A189.47 AG3S.47 5103.76 SS95.47 6111076 4eST.97 72IT.09 TRIL.C:
CUMLLAC 3360.19 3764.77 4189.47 4635.47 5103.76 S595.47 4111.76 &SI.ET MIIT.0E TIIIC:
YERR
ITEM 21 22 23 U 25 26 27 28 Wi N
Energy Cost (8/kwh) 0.159  0.167  0.176 0,184  0.194  0,2¢3  0.213 0.2 LTS T
NoLoadLoss (NLL-kw) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 04
Loadloss (LL~kw) 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.6 1.8 1.8
LoadRating (LR-1) 50 50 50 S0 S0 S0 50 50 A <.
NoloadAnnuallost (NLAC) 827.56 458.94  691.88 725.48  762.80 B0C.94  B40.99 823,04 927.19 9°I.cf
LoadLossAnnualCost (LLAC) 627.56 658.94 491.88 726.48 762,80 800.94 BAC.99 BBI.04 927,19 977.tC
TotalAnnualCost (TAC) 1255.12 1317.87 1383.77 1452.95 1%525.40 1501.88 1481.98 1786.07 1854.23 1947,
CUNTAC 16896.53 18214.51 19598.27 21051.23 22576.83 24178.71 25840.88 27626.76 2948:.14 31428.27
CUMMLAC 0448.32 9107.25 9799.14 10525.61 11288.41 12089.35 12930.34 13813.38 1474057 15714.:2
CUMLLAC §446.32 9107.25 9799.14 10525.61 11288.41 12089.35 12930.34 13813.38 14740.57 15714, :2
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LDSS COST + LDAD LOSS COST
$43,670 s $12,242 $15,714 $15,714
4] PV P PV
$19, 340 $12,242 43,559 $3,539
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CASE: CAST COIL - 130 KVA PURCHASE PRICE: $14,420

YEAR
1TEN 1 2 3 4 S b 7 8 ] 15
Energy Cost ($/kwh} 0.060  0.063  0.054 0,089 0,073  0.077  0.080 0,084  0,05° o oc
NoloadLoss (NLL-kw! 0.8 0.8 0.9 0.8 0.8 0.8 0.8 0.8 0.3 o.5
LoadLoss (LL-kw) 2.6 2.6 2.4 2.5 2.4 2.5 2.4 2.6 2.6 o8
LoadRating (LR-1) 50 50 50 S0 )] S0 S0 § % £

NoloadAnnualCost (NLAC)  420.48 441,50 443.58 485.76  S11.10 536,85 563.48 59l.86 621,24  eIl.70
LoadlossAnnualCost (LLAC) 341,44 35B.72  376.66 395.49 415,27 436,07 457.93 482,72 5047 BIT.0L

TotalAnnualCost (TAC) 762,12  BC0.23  B40.24  BBZ..5  926.36 972,88 1021.31 107,36 11ls.il LT
CUNTAC 762.12 1562.35 2402.58 3284.87 4211.19 S1B83.87 4205.19 7277.57 840757 9Tifl::
CUMNLAC 420.48 BS1.98 1325.%4 1812,32 2327.42 2860.07 427,55 A015.I.1 Agle. AT S08i7C
CUNLLAC J41.64  700.36 1077.02 1472.51 1B87.78 27I1.81 27B1.64 328Z.36 3J7oT.1I AIFT.N
YEAR

1TEM 11 12 13 14 1$ 16 17 {E 1% ol
Erergy Cost (8/kwh! 0.098  0.102  0.106  0.113  0.1:9  C.120  0.131 €138 6.4 d.isl
NoLoadLoss (NLL-kw} 0.8 0.9 0.8 0.8 0.8 0.8 0.8 .8 03 0B
Loasloss (LL-kw) 2.6 2.6 2.6 2.6 2.6 2.6 2.¢ 2 2. -
LoadRating (LF-1) ] S0 50 k) 50 %) S0 S¢ < b
NoiLpoadAnnuallost (NLAC) $84.92  719.16 75512 792.88  BIZ.ED BTE1S 917.8:  G6I.7T 1011.94 0slLEl
LoadLossAnnualCost (LLAC) 556.50 S84.32 413,54 644,21 476,42 710,25 7457 782,05 82120 BilLIM
TotalAnnualCost (TAC) 1241.41 1303.48 136B.65 1437.09 1505.95 1SB8,39 1647.61 174e,79 1874,17 1°If ¢
CUnTAC 10827.28 12130.76 13499.42 14935.51 16445.45 18029.85 1969545 144,20 23274,79 ZS1.0.22
CUMNLAC 973.67 6692.83 7447.95 B824C.83 9073.35 9947.50 10845.36 11BI9.11 12841.04 12907.57
CURLLAC 4853.61 5437.93 605).45 6495.68 7372.10 B8082.35 BBB.10 961,15 10433.35 112%4.:5

YEAR

ITER i1 22 23 ¥ 25 2 27 28 29 b4
Energy Cost ($/kwh} 0.159  0.167  0.176 0,184  0.194 0,203 0,213 €224 DO A S
MolLoadLoss (NLL-kw) 0.8 0.8 6.3 0.2 0.8 0.8 0.9 0.8 0.8 .2
LoadLoss (LL-kw) 2.6 .6 2.5 2.4 2.6 2.4 2.5 2.8 2.8 58
LoadRating (LR-1) S0 S0 50 S0 50 S0 30 S0 S0 <

NoLoadAnnualCost (MLACY  1115.86 1171.44 1230.01 1291.51 1356.09 [420.89 1495.09 1569.84 1648.54 1730.75
LoadLossAnnualCost (LLAC) 906,47 951.80 999.39 1049.356 1101.82 1156.91 1214.76 1275.50 1339.27 149s.24
TotalAnnualCost (TAC) 2022.13 2123.24 2229.40 2340.87 2457.91 258C.81 2709.85 2845.34 2987.81 3i3e.9°

CUNTAC 27222.35 29345.59 31574.99 33915.85 35373.77 38954.58 41664.43 44509.77 47497.38 S0014.37
CUMNLAC 15019.23 16190.67 17420.48 18712.20 20066.29 21492, 18 22987.27 24557.11 26205.45 27938,
CUMLLAC 12203.12 13154.92 14154.30 15203.46 16305.48 1746240 18677.16 19952.65 21291,93 22563, 1¢
LIFE CYCLE COST = PURCHASE PRICE + MO LDAD LOSS COST + LOAD LOSS COST

$45, 054 . $14,420 27,935 $22,698

) PV PV PV

$25,887 $14,420 86,327 85,140
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CASE: CAST COIL - 300 KVA

PURCHASE PRICE: $20,444

YEAR
1TEM | 2 3 4 3 b 7 8 9 10
Energy Cost ($/kuh) 0.060  0.063  0.086  0.089  0.073  0.077  0.080  0.084 0,089 0,552
Noloadloss (NLL-kw) 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 | 1.1
Loadloss (LL-kw} 3.7 3.7 3.7 3.7 3.7 3.7 37 3.7 3.7 T
LoadRating (LR-1) S0 S50 S0 S0 50 50 50 50 5¢ R
NoLoadAnnualCost (NLAC) 578.16 607.07 637.42 669.29 702.76 737.89 774,79 813.53 B%4.21  ec:.ql
LoadlossAnnualCost (LLAC) 4856.18 510.49 536.01 562,81 990.95 420.50 &51.57 484,10 T1E.31 784,02
TotalAnnualCost (TRC) 1064.34 1117.56 1173.43 1232.11 1293.71 1358.40 426,32 1497,63 1572.51 125014
CUNTAC 1064.34 2181.90 3355.37 4587.44 5BB1.15 7239.55 BesS.B7 10163.50 1170800 SITETLLE
CUMNLAC S78.16 1185.23 1822.65 249:.94 3194.70 3922.59 4797.28 S520.9. 4I7S.1I TITI.ol
CUMLLAC 485.18 996,47 1532.68 2095.50 2885.45 3306.95 395848 4642.50 3350.81 s1lL.il
YEAR
1TEM 11 12 13 14 15 16 17 18 9 :
Energy Cost ($/kwh) 0.098  0.103  0.108  0.113  0.119 0.i28 0,121 0.138  0.144 I
NoLoadLoss (NLL-kw) 1.1 .1 1.1 1.1 1.1 1.1 1.1 1.1 il 1.
LoadlLoss {LL-kw) 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 o7
LoadRating (LF-1) 50 S0 80 50 S0 S0 50 S0 S <
NoloadAnnualCost (NLAC) 941.76 98G.85 10338.29 1090.21 1184.72 1201.95 1282.05 1325.1% 1391.4, l4:0.sC
LoadlossAnnualCost (LLAC) 791.94 B31.53 873.11 916.76 962,40 1010.73 1061.27 111433 M70.CS $275.%5
TotalAnnualCost (TAD) 1723.70 1820.36 1911.40 20068.97 2107.32 2212.69 2323.32 2439.49 2%4i.4e 262%.10
CUNTAC 15120.85 16941.23 18852.63 20859.60 22966.92 25179.61 27502.93 29942,42 32507,8 15197.4)
CUMNLAC 8213.80 9202.4% 10249.94 11331.15 12475.86 135677.82 1493987 16265.02 17636, 4% 191174}
CUNLLAC $907.06 7738.59 8511.70 9528.44 10491,07 11501.80 12563.07 §3677.40 14B47.45 1407¢6.C1
YEAR
ITEN 2 22 23 24 b 26 N 28 2 M
Energy Cost ($/kwh} 0.159  0.167  0.176  0.1B4  0.194  0.203 0.213  0.224 0.239 0,247
NoloadLoss (NLL-kw) 1.1 1.1 i.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
LoadLoss (LL-kw) 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
LoadRating (LR-1) 50 50 50 S0 30 S0 50 50 50 3¢
NoloadAnnualCost (MLAC)  1534.05 1610.73 1691.27 1775.83 1844.82 1957.85 2055.75 2158.54 22b6.48 2179.7
LoadLossAnnualCost (LLAC) 1289.98 1354.48 1422.20 1493.31 1567.98 1646.38 1728.70 1815.13 1905.89 2001.1§
TotalAnnualCost (TAC) 2824.01 2945.21 3113.47 3269.15 3432.60 34604.23 3784.44 3973.67 4172,35 438C.97
CUNTAC 38017.42 40982.53 44096.11 473565.25 50797.86 54402.09 58186.53 62160.20 46332.55 70713.32
CUMNLAC 20651.44 22262.17 23953.44 25729.27 27593.89 29551.75 31407.50 33766.03 36032.49 384:2.28
CUMLLAC 17365.99 18720. 46 20142.66 21635.98 23203.96 24850.33 26579.03 28394.16 30300.05 32301.33
LIFE CCLE COST = PURCHASE PRICE ¢ WO LOAD LOSS COST ¢ LOAD LOSS COST
$91,358 ] $20, 644 $38,412 $32,301
4 4} Py Py
$36, 438 $20,644 48,4699 $7,315
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CASE: CAST COIL - 500 KvA

PURCHASE PRICE: $25,094

YEAF
1TEM 1 2 3 4 S [ 7 8 9 10
Energy Cost ($/kwh) 0.060  0.065 0,066  0.069  0.073  0.07 0.080 0,084 0,089 (.re:
Noloadloss (NLL-kw) {.7 1.7 1.7 1.7 1.7 1.7 .7 1.7 1.7 1.7
LoadLoss (LL-kw! 6.2 8.2 6.2 b.2 6.2 8.2 .2 2 6.2 W
LoadRating (LR-I) 0 50 se 50 50 50 3 S e
NoLoadAnnualCost (NLAC) 893.92 938,20 9BS.i1 103436 1050.00 140,38 1197.40 1257.27 112014 13%s, i
LoadLossAnnualCost (LLAC) 814,68 BSS.41  B98.18 943,09 990,25 1039.76 1094.7S 1145.34 1202.65 10e2.64
TotalAnnualCost (TAC) 1708.20 1793.561 1883.29 1977.44 2076.3%7 21B0.44  2289.15 2403.61 25I5.79 154838
CUMTAL 1708.20 3501.B% 5385.10 7362.56 9435.88 11519.03 13908.18 16311.7% BBIS.SE 4%t
CUMNLAC 893.52 1831.72 2814.82 38S1.18 4977.26 6077.55 7275.05 8512.70 985I.46 {1Il%.e]
CUMLLAC 814,68 1870.09 254B.28 3I511.37 A4501.62 SS41.38 8631.13 7779.47 B9AT.12 :4l4:.3:
YEAR
1TEM 11 12 13 14 18 16 17 18 19 .
Energy Cost ($/kwh) 0.098  6.103 0,108 G113 0,119 0,128 0.1 9.128 0,144 D aEl
Noloadloss (NLL-tw) 1.7 1.7 1.7 1.7 1.7 {.7 1.7 1.7 07 T
Loadioss (LL-kw) 6.2 6.2 6.2 6,2 6.2 6.2 6.2 ¢.2 6.2 ¢l
LoadRating (LF-1) 50 S0 50 50 2 50 S0 S0 o
NoloadAnnualCost (NLAC)  1455.45 1528.22 1604,63 1684.87 17s9.11 1857.5c 1950.44 2047.%¢ 2i5¢.38 ooc-.:3
LoadlossAnnyalCost (LLAC) 1327.00 1393.38 1452.05 1536.20 1612.01 1897.66 1778.34 1667.25 1960.62 XN%t.:e:
TotalAnnualCost (TAC) 2782.48 2921.60 3067.6B 3221.07 33BI.12 3551.23 372B.79 3915.21 4110.99 47i:.5¢
CUNTAC 24268.03 27189.63 30257.31 31478.38 368sC.50 A40411,72 44140.51 4B0CT.TT STies. D Sodil.l:
CUBNLAC 12694,04 14222,27 15826.90 17511.7% 19286,.87 21138.44 23088,88 25135.64 27267, 21 2952f,:¢
CUMLLAC 11573.98 12967.36 14430.41 15966.61 17579,62 19073.26 21051.62 22918.59 24879,51 25%2:,:°
YEAR
ITEN 21 2 r] 1} 8 26 2 28 29 o
Energy Cost ($/kwh} 0.159  0.187  0.176  0.184  0.194 0,205 0,213 0.224 0,235 {27
Noloadiloss (NLL-kw) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 7
Loadloss (LL~kw) 8.2 6.2 6.2 8.2 6.2 6.2 6.2 6.2 6.2 0.0
toadRating (LR-1) S0 50 S0 S0 50 50 50 S0 &0 o
NoloadAnnualCost (NLAC)  2370.77 2489.31 2615.78 2744.47 2881.49 3025.78 3177.06 3335.92 3502.7% 470,85
LoadlossAnnualCost (LLAC) 2161.5% 2249.67 2383.15 2502.31 2627.42 2758.80 2896.74 3041.57 3193.45 3350.32
TotalAnnualCost (TAC) 4532.363 47358.981 4996.930 S5244.776 5505.115 S784.571 6073.B00 8277.490 6696.364 7031, 162
CUNTAL 610135.62 55774.60 70771.53 76018.31 81527.43 87312.00 93385.80 99763.29 106459.4 113450.6
CUMNLAC 31915.86 34405.17 37018,95 39763.42 42545.11 45670.89 48847.95 $2183.87 55684.58 5935447
CUMLLAC 29099.76 31369.42 33752.57 36254.88 3B8882.31 41441.10 43537.84 47579.41 50773.08 S417e.4C
LIFE CYCLE COST~ = PURCHASE PRICE + NO LOAD LOSS COST ¢ LOAD LDSS COST
$138,585 s $25,094 $59, 364 $54,124
4] 4] PV PV
$50,796 $25,094 $13,404 $12,258
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CASE: CAST COIL - 750 KvA PURCHASE PRICE: $32,107

YEAR
1TEN 1 2 3 4 5 b 7 8 9 10
Energy Cost ($/kwh) 0.060  0.063 0.066  0.069  0.073  0.077 0.080 0.084 0.089 0,092
Noloadloss (NLL-kw) 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
LoadLoss (LL-kw) 1.8 1.8 7.8 1.8 1.8 1.8 1.8 1.8 8 1.8
LoadRating (LR-X) 0 50 30 S0 50 50 50 59 o &2

NoloadAnnualCost (NLAC)  1103.76 1158.95 1216.90 1277.74 1341.63 1408.71 1479.14 1553.10 1630.7¢ 1712.29
LoadlossAnnualCost (LLAC) 1024.92 1076.17 1129.97 1186.47 1245.80 1308.09 1373.49 1442.17 504,27 580,90
TotalAnnualCost (TAC) 2128.68 2235.11 2346.87 24b4.21 2587.42 2716.80 2852.63 2995.27 J145.03 3302.76

CUNTAC 2128,68 4353.79 6710.86 9174.86 11742.30 14479.10 17331.73 20327.00 23472.07 26774.31
CUMNLAC 1103.76  2262.71 3479.40 4757.34 6098.97 7507.48 6986.82 10539.92 12170.4E 1IRE2.97
CUMLLAC 1024.92 2101.09 3231.06 4417.53 5663.33 6971.42 8344.91 9787.07 11321.35 12891.33
YEAR

ITEN {1 12 13 14 15 1é 17 18 15 2%
Energy Cost ($/kwh) 0.098  0.103  0.108  0.113  0.119 0,125 0,131  0.138  0.144 0,152
Noloadloss (NLL-kw) 2.1 2.! 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
LoadLoss (LL-kw) 1.8 1.8 1.8 7.8 1.8 7.8 .8 7.8 1.9 B
LoadRating (LF-1) 30 30 30 50 50 30 50 50 3¢ 5.
NoloadAnnualCost (NLAC) 1797.91 1867.80 1982.19 2081.30 2185.37 2294.44 2409.37 2529.84 2:54,3T 279¢.1f

LoadLossAnnualCost (LLAC) 1669.49 1732.96 1040.&1 1932.84 2029.27 2130.74 2237.27 2349.14 24¢¢.59 2839,@2
TotalAnnualCost (TAC) 3467.40 3540.77 3822.B0 4013.94 4214.44 442537 44d6.64 4B7S.97 S5122.92 5175,

CUNTAC 30241.70 33882.46 37705.27 41719.21 45933.85 50359.22 55005.87 59684.84 £50(7.74 7(1%:.97
CUMNLAC 15680.88 17568.68 19550.88 21432.18 23817.55 26112.19 28521.55 31051.40 II707,.77 Jed3: 87
CUMLLAC 14560.82 16313.78 18154.39 20087.02 22116.30 24247,03 26484,3C 28933, 44 31700,97 2753%, 00
YERR

ITEN . 2 22 3 24 2% 2 2 28 28 X
Energy Cost ($/kwh) 0.159  0.167 0.176  0.184  0.194 0,203  0.213  0.224  0.23% o0
NolcadLoss (NLL-kw) 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2! 2.1
Loadloss (LL-kw) 7.8 7.8 7.8 7.8 7.8 7.8 7.8 T8 7.8 1.8
LoadRating (LR-1) 0 50 50 50 S0 50 %0 50 S o

NoloadAnnualCost (NLAC) 2928.40 3075.03 3228.79 3390.23 13359.74 3737.72 3924.81 4120.84 4325.88 4543.27
LoadLossAanualCost (LLAC) 2719.42 2835.39 2998.14 3148.07 3305.47 3470.74 3644.28 3826.49 4017.82 4215.71
TotalAnnuaiCost (TAC) 5648.02 3930.42 48226.94 4338.29 4845.2! 7208.47 7548.89 7947.33 834470 8741.94

CuNTAC 76034.85 81945.27 88192.22 94730.5! 101595.7 108804.1 116373.0 124320. 4 132665.1 141427.0
CUMINLAC 39425.48 4250031 45729.30 49119.52 52679.2b 56414.98 60341.59 b4442.43 £8789.31 73332.54
CUmLLAC 36609.37 39464.76 42442.92 45410.98 48915.45 52387.20 54031.48 59857.97 43875.79 8094.50
LIFE CYCLE COST = PURCHASE PRICE ¢ WO LDAD LOSS COST + LDAD LDSS COST
173,334 * $32,107 473,333 $68,095
14 4] Py 4
844,136 $32,107 $15,608 $13,421
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CASE: CAST COIL - 1000 KVA PURCHASE PRICE: $37,323

YEAR
ITEN 1 2 3 4 S b 7 8 9 10
Energy Cost ($/kwh) 0.060  0.063  0.066 0.069 0.073 0,077 0.080 0.084 0,089 (.55
Noloadloss (NLL-kw) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
LoadlLoss (LL-kw} 8.1 8.1 8.1 8.t 8.1 8.1 8.1 8.1 8.1 §8.1
LoadRating (LR-1) 50 50 50 50 50 50 50 S0 50 &

NoloadAnnualCost (MLACI 1471.68 1545.26 1622.53 1703.85 1788.84 1678.28 1972.19 2070.80 2174.34 2283.%:
LoadLossAnnualCost (LLAC) 1064.34 1117.56 1173.43 1232.11 1293.71 1398.40 1426.32 1497.63 1572.51 1&51.14
TaotalAnnualCost (TAC) 2536.02 2662.82 2792.96 2935.76 3082.55 3236.68 3398.5! 3958.43 3743.86 3974.20

CUNTAC 2536.02 5198.84 7994,80 10930.56 14013.11 17249.79 20648.30 24214.73 279¢7,59 31867,78
CUMNLAC 1471.68 3016.94 4439.47 4342.12 B121.96 10010,.24 11982, 43 14052.27 16227.57 1BS15,43
CUMLLAC 1064.34 2181.90 3355.33 ASB7.44 SBBI.I1S 7239.55 BA&4S.B7 101£3.50 $1735.0¢ §3387,18
YEAR

1TEN 11 12 13 14 15 16 17 1& 19 ol
Energy Cost ($/kwh) 0.098 0.103 0.108 0.113 0.11¢ 0.125 0.131 0.128 0.144 LB
NoloadLoss (NLL-kw! 2.8 2.8 2.8 2.8 2.8 2.9 2.8 2.8 2.§ 2.¢
Loadloss (LL-kw) 6.1 8.1 8.! 8.1 8.1 8.1 8.! 8.1 8.! §.i
LoadRating (LF-1) 50 S0 50 50 S0 50 50 S0 &0 €

NoloadAnnualCost (NLAC)  2397.21 2517.07 2642.93 2775.07 2913.83 3059.52 3212.49 3J373.12 3541.77 3715.8:
LoadlossAnnuallost (LLAC) 1733.70 1820.38 1911.40 2006.97 2107.32 2212.69 2323.32 2439.4% 2544k 140°.CC
TotalAnnualCost (TAC) 4130.91 4337.45 455433 478,04 5021.15 35272.20 SSI5.81 SB12.60 6103.27 440340
CUNTAC 36023, 69 40366.15 44920.47 49702,52 54723, 66 59995.87 85531.48 7134429 7744752 B30, 9C
CUMNLAC 20907.84 23424.91 26067.84 28842,91 31756.74 34816.25 38028.75 41401.8¢ 44942, 44 4BeeZ, 50
CUNLLAC 15120.85 14941.23 18852.63 20859.60 22964.92 25179.41 27502.93 29942.42 30503.83 IS167.4!
YEAR

ITEN 2§ 22 3 yZ 25 26 27 28 29 50
Energy Cost ($/kuh) 0.159  0.167  0.176  0.184  0.194 0,205 L2130 0228 0,235 0.28
Noloadloss (NLL-kw) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
LoadLoss (LL-kw) 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
LoadRating (LR-1) b 30 R S0 50 30 50 50 50 50

NoloadAnnualCost (NLAC) 3904.81 4100.05 4305.05 4320.30 4746.32 4983.43 5232.81 S494.45 5749.18 4057.43
LoadlossAnnualCost (LLAC) 2824.01 2965.21 3113.47 3289.15 3432.60 3604.23 3784.44 3973,87 4172,35 4380.97
TotalAnnualCost (TAC) 6728.82 7065.26 7418.52 7789.45 B178.92 8387.86 9017.26 946B.12 9941.53 10438.80

CUNTAC 90584.73 97649.99 105068.5 112857.9 121036.8 129624.7 138641.9 148110.1 158C51.6 168490.2
CUMKLAC 52547.30 S6667.35 60972,40 65492.70 70239.01 75222.64 B0455.46 85949.91 91719.08 97776.7
CUMLLAC 38017.42 40982.63 4409, 11 47365.25 50797.86 54402.09 58186.53 62160.20 66332.55 70713.5:
LIFE CYCLE COST = PURCHASE PRICE ¢ MO LOAD LOSS COST + LOAD L0SS COST
$205,813 . 437,323 897,777 $70,714
W PV v PV
$75,481 37,323 822,143 $15,014
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CASE: CAST COIL - 1500 KvA PURCHASE PRICE: $51,600
YEAR
ITEN 1 2 3 4 S [ 7 8 § 10
Energy Cost ($/kwh) 0.060  0.063  0.066  0.068%  0.073  0.077 0,080 0.084 (.08 (.05
Moloadloss (NLL-ku) 3.8 3.8 3.8 3.8 3.8 3.8 1.8 3.8 .8 1.8
Loadloss (Li-kw) {1 11 11 it 11 11 i 11 i1 i1
LoadRating (LR-1) S0 50 50 50 30 S50 50 5¢ €0 g0
NoloadAnnualCost (NLAC)  1997.28 2097.14 2202.00 23{2.10 24‘,. 2549.09 2676.55 2810.37 2950.89 309:.44
LoadLossAnnuaiCost (LLAC) 1445.40 1517.87 1593.55 1673.23 1756.89 1B44.74 1936.97 2033.82 2135.51 2241.72¢
TotalAnnualCost (TAC) 3442,68 3614.81 3795.55 3985.33 4184.60 4393.65 4613.52 4844,20 S0Ba.41 5C40.7:
CUNTAC 442,68 7057.49 10853.05 14838.38 19022.98 23416.81 28030.33 32874.55 37360.97 4330142
CUMNLAC 1997.28 4094,.42 296,47 B508.53 11036.23 13585.32 16261.87 190G72.24 22027.:4 251005
CUNLLAC $445.40 2963.07 A556.62 6229.85 7984.75 9631.48 1174B.45 138C2.28 15937.80 181E..0%
YEAR
1TER 11 12 3 14 15 14 17 18 1§ 2
Energy Cost ($/kwh) 0.098  0.103 0,108  0.113  0.119 0.129  0.13! 0.138 ¢, 144 6.5
Noloadloss (NLL-kw) 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.6 >.8 A
Loadless (LL-kw) 11 11 {1 11 11 {1 11 11 il i
Loadkating (LF-1) S0 50 30 1] %0 50 50 50 59 -
NoLoadAnnualCost (NLAC)  3253.36 3416.07 3585.87 3786.17 3954.48 4152.20 A359.B1 4S77.80 480585 Si47.07
LoadlossAnnualCost (LLAC) 2354,40 2472,12 2595.73 2725.52 2861.79 3004.88 1S5.10 212,88 3J478.50 lsci.4f
TotalAnnualCost (TAC) 5607.76 58B88.15 6182.56 6491.69 6B16.27 T157.08 7S514.94 7890.6 B82§5.22 B:99.45
CumTAC 48905,42 S4797.57 60980.13 47471.81 74286.08 B1445,17 88940, 11 96850.79 105126.¢ 113675.4
CUMNLAC 28374,93 31790.95 35377.78 39143.95 43096.45 47250.43 51610.44 SE18E. 24 7994, 94 4c041,98
LAC 20534, 49 23006.63 25602.34 28327.86 31189.55 34194.57 3734966 40652.58 44141.07 4779253
YEAR
1TEN 21 2 23 24 2% 2% 27 28 29 3
Energy Cost ($/kwh} 0.159  0.167  0.176  0.184  0.194  0.203  0.213 0.224 0,235 0.47
WLoadloss (NLL-kw) 3.8 1.8 3.8 3.8 3.9 3.8 3.8 3.8 2.8 3.8
Loadloss (LL~kw) 11 11 it 13 11 11 11 11 11 11
LoadRating (LR-1) 50 50 50 50 50 50 S0 S0 50 50
NoloadAnnualCost (NLAC)  85299.38 35564.35 5842.56 6134.49 6441.43 6763.50 7101.67 7456.76 7629..0 B221.08
LoadlossAnnuallost (LLAC) 3835.08 4026.83 4228.17 4439.58 4661.56 4B94.44 5139.37 5396.34 5865.15 5949, 4

TotalAnnualCost (TAC) 9134.43 9591.18 10070.74 10574.27 11102.99 11658, 14 1224).04 12B53.10 13495.75 14170.54
CUMTAC 122969.9 132561.1 142631.8 153206.1 164309.1 175967.2 188208.3 201061.4 2145571 228727.¢8
CUNNLAC T1341.34 76905.69 82748.25 88882.95 93324.37 102087.8 109189.5 116446.3 124475.9 132696.9
CuMLLAC 51628, 50 55455.43 59883.40 44323.18 68984.74 73879.38 79018.75 B4415.09 9008:.24 96030.78
LIFE CYCLE COST = PURCHASE PRICE + MO LOAD LOSS COST + LDAD LOSS COST

280,328 s $51,400 $132,697 $94,031

Py 14} PV 4
$103,400 51,400 $30,052 $21,748
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