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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessar-
ily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE that have expressed
an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to produce,
test, measure, purchase, market, or provide other goods and services
related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to
change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard
is subjected to review at least every five years for revision or reaffir-
mation. When a document is more than five years old and has not
been reaffirmed, it is reasonable to conclude that its contents, al-
though still of some value, do not wholly reflect the present state of the
art. Users are cautioned to check to determine that they have the latest
edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE.
Suggestions for changes in documents should be in the form of a pro-
posed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate re-
sponses. Since IEEE Standards represent a consensus of all con-
cerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this
reason IEEE and the members of its technical committees are not able
to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption
may involve patents on articles, materials, or processes. Such adop-
tion does not assume any liability to any patent owner, nor does it
assume any obligation whatever to parties adopting the standards
documents.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:42:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.120-1991


http://www.avadocuments.com/doc/ieee-c57-120-1991
http://www.avadocuments.com/doc/ieee-c57-120-1991

Foreword

(This foreword is not a part of IEEE Std C57.120-1991, IEEE Loss Evaluation Guide for Power Transformers and
Reactors.)

The users of power transformers and reactors have become more concerned about the
value of losses as the cost of energy and of installing generating capacity has increased.
The evaluation of losses has become a very significant part of the purchase decision for
some users.

This guide has been written to provide a method of establishing loss evaluation factors
for transformers or reactors. With loss evaluation factors, the economic benefit of a high-
first-cost, low-loss unit can be compared with a unit with a lower first cost and higher
losses. This enables a user to compare the offerings of two or more manufacturers to aid in
making the best purchase choice among competing transformers or reactors. Loss evalua-
tion also provides information to establish the optimum time to retire or replace existing
units with modern low-loss transformers or reactors.

This guide was prepared by the Transformer Loss Evaluation Working Group of the
IEEE West Coast Transformer Subcommittee. The following Working Group members
participated in the development of the guide:

Roger Jacobsen, Chair

Ray Allustiarti Charles Hoesel Dan Nix

I. Stephen Benko William Isberg Robert Norton
Fred Elliot Herbert Johnson Samuel Oklu
Dennis Gerlach Robert Kimball Denise Roth

Jim Gillies Gary Lindland Pete Sorensen
Thomas Hawkins Ron Little Lou Tauber
Charles Hendrickson George McCrae L. Kay Thompson
Jess J. Herrera Larry Merrifield Charles Todd
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IEEE Loss Evaluation Guide for
Power Transformers and Reactors

1. Purpose and Scope

The purpose of this guide is to provide a method of establishing the dollar value of the
electric power needed to supply the losses of a transformer or reactor. Users can use this
loss evaluation to determine the relative economic benefit of a high-first-cost, low-loss unit
versus one with a lower first cost and higher losses. Manufacturers can use the evaluation
to optimize the design and provide the most economical unit to bid and manufacture. The
evaluated cost of losses also enables a user to compare the offerings of two or more
manufacturers to aid in making the best purchase choice among competing transformers
or reactors. Loss evaluation also provides information to a user for establishing the
optimum time to retlre or replace existing units with modern low-loss transformers or
reactors.

The user should determine, on a dollars-per-kilowatt basis, the sum of the present worth
of each kilowatt of losses of a transformer throughout its life, or some other selected period
of time. This figure represents the maximum amount that can be spent to save a kilowatt of
loss. A portion of this evaluated cost can be paid to the manufacturer to reduce losses.
However, this evaluated cost includes other costs associated with owning a more expensive
piece of equipment, such as financing costs, taxes, etc.

This guide provides formulas by which the costs of energy, power, and money, and the
loading pattern of a transformer can be converted to dollars-per-kilowatt values of the
transformer losses.

These dollars-per-kilowatt figures should be furnished to the manufacturer when bids
are requested. If the final tested values of losses vary from the manufacturer’s guaranteed
values, economic adjustments may be made.

Nothing in this guide is mandatory. It should not be inferred from this paper that the
methodology described in the following pages is the only valid methodology for computing
the cost of transformer losses. Many users have developed their own transformer loss
evaluation techniques that are suitable for the intended purpose. The list of terms in
Section 2 uses symbols selected for mnemonic effectiveness and might be different from
symbols used in other references.
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2. List of Terms Applicable to Transformer
Loss Evaluation Equations

Text
Term Unit Symbol Reference

Auxiliary loss cost rate of $/kW - ALCR1 6.2.3.1
stage one cooling equipment
Auxiliary loss cost rate of $/kW ALCR2 6.2.3.2
stage two cooling equipment
Auxiliary power lost in kW APL1 5.5
stage one cooling equipment
Auxiliary power lost in kW APL2 5.5
stage two cooling equipment
Auxiliary power loss kW ‘ APL 5.5
Availability factor —_ AF 6.1.2
Average hours per year for hours (h) AHPY1 5.5
stage one cooling alone
Average hours per year for hours (h) AHPY2 5.5
stage two cooling equipment
Booklife years BL Section 4
Capital recovery factor — CRF 6.1.7
Carrying charge (see fixed charge rate)
Current year energy cost $/kWh CYEC App. B
Efficiency of transmission —_— ET 6.1.1
Energy cost inflation rate per year EIR Al
Fixed charge rate (generator) $/$/yr FCRG 6.1.6
Fixed charge rate (transformer) $/$/yr FCRT 6.1.6
Fixed charge rate (transmission systems) $/$/yr FCRS 6.1.6
Generation installation cost $/kW GIC 6.1.9
Increase factor — IF 6.1.8
Levelized auxiliary energy cost $/kW-yr LAEC1 6.1.11
for stage one
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IEEE

POWER TRANSFORMERS AND REACTORS Std C57.120-1991
Term Unit Symbol Reference
Lévelized auxiliary energy cost $/kW-yr LAEC2 6.1.12
for stage two
Levelized energy and operating cost $/kW-yr LECN 6.1.10
- LECL 6.1.10

Levelized generation investment cost $/kW-yr LGIC 6.1.9
Levelized total system investment cost $/kW-yr LIC 6.1.9
Levelized transmission system $/kW-yr LSIC 6.1.9
investment cost
Load Loss (copper or conductor loss) kW LL 5.4
Load loss cost rate $/kW LLCR 6.2.2
No-load loss (iron or core loss) kW NLL 5.3
No-load loss cost rate $/kW NLLCR 6.2.1
Number of years years N 6.1.7
Peak-per-unit load — PUL 6.14
Peak responsibility factor o PRF 6.1.3
Present worth energy and operating cost $/kWh PWEC 6.1.10
Rate of return per year ROR 6.1.7
Sum of present worth — $/kWh booklife SPWECH 6.1.10
energy and operating cost or

$/kW-yr booklife SPWECY 6.1.10
Transformer loading factor — TLF 6.1.5
Transmission system $/kW SIC 6.1.9

installation cost

3. Definitions

For further explanation of the following terms, see Sections 5 and 6. For definitions not
found in this guide, consult IEEE Std 100-1988 [B3].1

auxiliary power losses (APL). The power required for cooling fans, oil pumps, and

other ancillary equipment.

1 The numbers in brackets correspond to those of the Bibliography in Section 7.
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