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Abstract: The economic loss evaluation of liquid-filled distribution and power transformers, dry-
type distribution and power transformers, and reactors is covered in this guide.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although 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.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at http://iceexplore.icee.org/
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.120-2017, IEEE Guide for Loss Evaluation of Distribution and Power
Transformers and Reactors.

This guide provides details and explanations for determining the constituent components and the methodology
for determining the economic value of losses of distribution and power transformers and reactors for both
utility and non-utility segments. This guide focuses on the cost of losses from the energy consumption of
equipment perspective and does not provide methods to quantify other social or environmental benefits that
could be related to equipment efficiencies.

Losses are quantified typically for the purposes of purchasing evaluation or replacement cost analysis. It
is important to quantify losses because manufacturers of equipment have a large number of design options
available to them and, by providing loss values from the user, it will help the manufacturer to propose the most
economic design to fit the user’s circumstances.

Loss evaluation is a means to quantify operating cost and is an economic decision. Quantifying losses for
comparison is a straightforward process, however, the information required for such evaluation involves
forecasting and prediction of costs over a future timeframe. There are many sources of this information
available and it is up to the evaluator to identify and select the most appropriate source of data applicable to
their circumstances. Economic circumstances are constantly changing and specific to each user’s situation,
making it impossible for any single number to be used everywhere for loss evaluation.

Prediction of future costs and forecasting requires frequent updating and it is up to the evaluator to use the best
information available to determine their own values of losses.

In addition to the identification of value, the evaluator is identified as a reasonable evaluation timeframe. For
example, the time period of evaluation may be the useful life of the equipment or be limited to the useful life of
the facility or limited by internal corporate investment criteria. The determination of an evaluation time period
is entirely dependent on the user and their circumstances.

This guide identifies parameters to consider when performing a loss evaluation, but it is up to the user to
identify the parameters most applicable to their circumstances. To provide an example, a primary service
transformer in an industrial plant may only have losses evaluated on the basis of energy cost charged to the
facility, but an industrial user may include a loss-on-loss factor for secondary step-down transformers in the
same facility and include some of the evaluation parameters for distribution transformers.

Merchant generating plants may not need to calculate the parameters associated with transmission assets or
the loss-on-loss multipliers for the generator’s transformer because their plant is metered at the transmission
connection point and the losses in the generation plant transformers only take away from the plant’s revenue
capability.

This guide will assist the user to decide how to value the efficiency of equipment. Ultimately, the efficiency
depends heavily on how the equipment is used, where on the power system it is used, and what decisions
are made regarding operating conditions such as loading beyond nameplate and timing of asset additions/
replacement. One shall make the selection of parameters for the evaluation based on the best available
knowledge.

This guide uses publicly available information on wholesale electricity prices, transformer costs, and other
dollar values. These numbers are provided for illustrative purposes only. Actual price (or cost) will vary by
time and location. Each user of this guide should determine the price or cost values that he or she believes
appropriate for making loss evaluations.
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IEEE Guide for Loss Evaluation of
Distribution and Power Transformers
and Reactors

1. Overview

1.1 Scope

This guide covers the economic loss evaluation of liquid-filled distribution and power transformers, dry-type
distribution and power transformers, and reactors.

1.2 Purpose

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 (includes distribution and power transformers as well as reactors in
this guide). 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. Loss evaluation also provides information to a user for
establishing the optimum time to retire or replace existing units with modern low-loss transformers. 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. 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, 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 that the methodology described in this guide 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.

This guide uses publicly available information on wholesale electricity prices, transformer costs, and other
dollar values. These numbers are provided for illustrative purposes only. Actual price (or cost) will vary by
time and location. Each user of this guide should determine the price or cost values that it believes appropriate
for making loss evaluations.

This guide offers a methodology to determine, and thereby specify, the economic value of no-load, load,
and auxiliary losses. The use of this guide allows manufacturers to tailor the design to the unique economic
situation of each user, and allows the user to evaluate multiple designs. D ocuments
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IEEE Std C57.120-2017
|IEEE Guide for Loss Evaluation of Distribution and Power Transformers and Reactors

2. Definitions, acronyms, and abbreviations
2.1 Definitions

For the purposes of this document, the following terms and definitions apply. For other terms, the standard
transformer terminology in IEEE Std C57.12.80 [B4]" applies. Other electrical terms are defined in the /EEE
Standards Dictionary Online.?

avoided cost of energy: The levelized avoided (incremental) cost for supplying the next kilowatt hour, which
may be produced by the utility’s generating units or purchased from an energy supplier.

avoided cost of system capacity: The levelized avoided (incremental) cost of generation, transmission, and
primary distribution capacity required to supply the next kilowatt of load to the transformer coincident with

the peak load.

capital recovery factor: The ratio of a constant annuity to the present value of receiving that annuity for a
given length of time.

cost: The amount of money that is needed to pay for or buy something.
escalation: The compounded price for a future cost based on current costs and inflation.

first cost: The sum of the initial expenditures involved in capitalizing a property; includes items such as
transportation, installation, preparation for service, as well as other related costs.

fixed charge rate: The cost of carrying a capital investment which consists of the cost of capital, stocks,
bonds, depreciation, taxes, and insurance.

hours per year: Used in the A-factor (no-load loss $/watt) and B-factor (load loss $/watt) equations and is
generally taken as 8760 h. There may be exceptions that would use a lesser value.

levelized annual peak load: The levelized annual peak load seen by the transformer that is equivalent to
the function of an initial peak load with an estimated load growth rate and a maximum allowable load before
changeout is required.

loss multiplier: A measure of system losses from generation through the transmission and distribution system,
to the point where the transformer under evaluation is installed. This number will be greater than or equal to

one.

peak responsibility factor: A function of the relationship between the transformer peak load and the
transformer load at the time of system peak load.

present value factor: Today’s value of a future (single) cost.
present worth factor: Today’s value of a future annuity (a uniform series of future costs).

transformer loss factor: Ratio of the annual average load losses to the peak value of load losses on the
transformer.

'The numbers in brackets correspond to those of the bibliography in Annex C.
*[EEE Standards Dictionary Online is available at: http://dictionary.ieee.org/.
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2.2 Acronyms and abbreviations

AHPY1
AHPY2
AL
ALl
AL2
A/P

CAF
CIF
CRF
DC
EC
EC,
EFC
ESC
FC
FCR
FCR,
GC
HPY

IPP
LL
LM
LSF
NL

P/F
PL
PL,
PVF
PW
PWF

cost that is representative of any form of currency to be used (USD, CAD, Euro, etc.)

equivalent first cost of no-load losses ($/W)
hours of operation for stage 1 cooling per year
hours of operation for stage 2 cooling per year
auxiliary losses (watts)

auxiliary loss of stage 1 cooling (watts)
auxiliary loss of stage 2 cooling (watts)
capital recovery factor

equivalent first cost of load losses ($/W)
compound-amount factor

compound-interest factor

capital recovery factor ($)

avoided cost of distribution capacity ($/kW per year)
avoided cost of energy ($/kWh)

levelized avoided cost of energy ($/kWh)
equivalent first cost ($)

escalation (%)

first cost

fixed charge rate (%)

levelized fixed charge rate (per-unit)

avoided cost of generation capacity ($/kW per year)
hours per year energized

interest rate or cost of capital (%)

independent power producers

load loss of the equipment (watts)

loss multiplier (per-unit)

transformer loss factor (per-unit)

no-load loss of the equipment (watts)

bid price

present value of a future cost

equivalent annual peak load (watts)

levelized annual peak load (per-unit)

present value factor

present worth cost ($)

present worth factor

12

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniveRRYSENR:284d Y BRI 586@8vRA42:47 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE C57.120-2017


http://www.avadocuments.com/doc/ieee-c57-120-2017
http://www.avadocuments.com/doc/ieee-c57-120-2017

IEEE Std C57.120-2017
|IEEE Guide for Loss Evaluation of Distribution and Power Transformers and Reactors

PW(S) present worth of an inflation series

RF peak responsibility factor

SC avoided cost of system capacity ($/kW per year)

SC, levelized avoided cost of system capacity ($/kW per year)
SFF sinking-fund factor

TC avoided cost of transmission capacity ($/kW per year)
TOC total owning cost ($)

3. Loss evaluation parameters
3.1 General

As noted in the introduction, these procedures were first developed in the early 1970s. Since that time, there
have been some significant changes in the utility industry in the U.S. and other countries. Most of those
changes are not reflected in the description and the calculation procedures found in the guide.

Today, nearly all utility systems have provisions, and accounting processes, for accommodating generation
capacity of independent power producers (IPP) connected to their systems. The portions of the calculations
procedures that refer to the avoided cost of energy and avoided cost of generating capacity may need to be
reevaluated by the transformer purchaser as there may be a need to analyze the effects and or costs of the IPP
rather than using the material that now appears in the existing Clause 3. The methodology provided in Clause 4
should be reviewed by the user of this guide whenever non-vertically integrated generation or transmission
arrangements are in effect.

The process of deregulation of the electric utility business has been implemented in a variety of forms across
the U.S. In cases of full deregulation, there are now transmission and distribution companies that provide
energy delivery services only. They do not generate or buy wholesale power and resell it. Therefore, they do
not generate power or purchase it. In these cases the customer connects directly with an energy provider. The
customer pays the energy provider for the energy consumed and pays a transmission and distribution delivery
charge to the electric delivery company. The amount of energy consumed by system losses and particularly
the transformers does not affect the financial statements of the company. So for them, avoided cost of energy,
avoided cost of generation capacity, and avoided cost of system capacity are all $0. Therefore, the calculations
of the A factor (equivalent first cost of no-load losses) and B factor (equivalent first cost of load losses) will
produce results of $0. Because using zero as the A and B factors results in a lower efficiency transformer,
alternative methods of determining the parameters are possible.

Suggestions for possible sources of data to develop parameters for the calculations are discussed in Clause 4
of this guide.

3.2 Total owning cost (TOC)

The TOC is the equivalent first cost of acquiring and operating a transformer or reactor over the predicted life
of the equipment, as shown in Equation (1):

TOC =P+ AXNL+ BxLL+ Blx AL14+ B2x AL2 (1)
where
P is the cost of acquiring the equipment
A is the equivalent first cost of no-load losses, per watt
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B is the equivalent first cost of load losses, per watt

B1 is the equivalent first cost of stage | auxiliary losses, per watt
B2 isthe equivalent first cost of stage 2 auxiliary losses, per watt
NL  isthe no-load loss of the equipment (watts)

LL  isthe load loss of the equipment (watts)

AL1  isthe auxiliary loss of stage 1 cooling (watts)

AL2  isthe auxiliary loss of stage 2 cooling (watts)

3.3 Cost of no-load losses (A)

The cost of no-load losses, which is referred to in this guide as the A factor, can be calculated as follows in
Equation (2):

_ SC+ECxHPY

@
FCR %1000

where

SC is the levelized avoided cost of system capacity ($/kW per year)
EC  isthelevelized avoided cost of energy ($/kWh)

HPY  are the hours of operation per year

FCR s the fixed charge rate (%)

LM istheloss on loss multiplier (per-unit)

3.4 Cost of load losses (B)

The cost of load losses, which is referred to in this guide as the B factor, can be calculated as follows in

Equation (3):
2
B [(SCXRF)+4(ECxLSF x HPY)]x(PL,) LM 3)
FCR 1000
where

NG is the levelized avoided cost of system capacity ($/kW per year)
EC is the levelized avoided cost of energy ($/kWh)

HPY  are the hours of operation per year

FCR  isthe fixed charge rate (%)

RF is the peak responsibility factor (per-unit)

LSF  1is the transformer loss factor (per-unit)

PL,  isthelevelized annual peak load (per-unit)

LM isthe loss on loss multiplier (per-unit)

3.5 Cost of auxiliary losses (B1, B2)

The cost of auxiliary stage 1 losses and auxiliary stage 2 losses, which is referred to in this guide as the Bl and
B2 factors, can be calculated as follows in Equation (4) and Equation (5):

[(SC x RF)+ (EC x LSF x AHPY1)]x (PL, )’

Bl= x LM 4)
FCR %1000
2
5y _ [(SCXRF) + (ECXLSF x AHPY2)X(PL,} )
FCR %1000
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where
sC is the levelized avoided cost of system capacity ($/kW per year)
EC is the levelized avoided cost of energy ($/kWh)
HPY are the hours of operation per year

AHPYI  are the hours of operation for stage 1 cooling per year
AHPY2  are the hours of operation for stage 2 cooling per year
FCR is the fixed charge rate (%)

RF is the peak responsibility factor (per-unit)
LSF is the transformer loss factor (per-unit)
PL, is the levelized annual peak load (per-unit)
LM is the loss on loss multiplier (per-unit)

Ultimately, the evaluation of losses is an economic exercise that, in most cases, will be dictated by corporate
policies and local requirements. So simpler is better, but the user should identify the factors to be considered
(or rejected) in the evaluation.

3.6 Equipment parameters
3.6.1 Bid price (P)

The bid price is the cost to acquire the transformer from the supplier. Transformer suppliers provide the
transformer price when responding to requests for quotation. Some evaluators add the cost of sales tax, or other
percentage adders to the transformer price. An example might be the price of design engineering as a percent
of the total project cost for Engineering, Procurement, and Construction (EPC) or design/build construction
projects. Another example might be the Construction Work In Progress (CWIP), which accounts for the cost of
funds during construction. Care should be taken so that this is not accounted for twice in the evaluation since
the cost of capital may already include an allowance for items beyond the price of the transformer.

3.6.2 No-load losses (NL)

No-load losses (in watts) are the excitation losses at rated voltage that occur on all energized transformers
and are continuous, independent of load. No-load losses include dielectric loss, conductor loss in the winding
due to exciting current, conductor loss due to circulating current in parallel windings, and core loss. Core loss
is the power dissipated in a magnetic core subjected to a time-varying magnetizing force. Core loss includes
hysteresis and eddy current losses of the core. These losses change with the excitation voltage, and may
increase sharply if the rated voltage of the transformer is exceeded. The no-load losses also increase as the
temperature of the core decreases. No-load losses should be expressed as guaranteed average values for the lot
of units purchased specified at 20 °C.

3.6.3 Load losses (LL)

Load losses (watts) should be expressed as guaranteed average values for the lot of units purchased at the rated
average winding temperature rise plus an annual average ambient, usually 20 °C. For a unit operating at 65 °C
rise with a 20 °C ambient, losses would be specified at 85 °C. However, for many distribution transformers the
actual winding rise may be significantly less than the nameplate average winding rise.

Load losses include I?R loss in the winding due to load and eddy currents, stray loss due to leakage fluxes in
the windings, core clamps, other parts, and the loss due to circulating currents (if any) in parallel windings or
in parallel winding strands. These losses are often referred to as “copper losses,” although the actual winding
may be of some other material, such as aluminum. These losses vary with the square of the load. The losses
also vary with the absolute temperature of the windings. For comparative purposes, load loss values are given
at a reference load and at a reference winding temperature. It is important that these reference values be stated
whenever loss values are given.
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