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Introduction

(This introduction is not part of IEEE Std C37.24-2003, IEEE Guide for Evaluating the Effect of Solar Radiation on Out-
door Metal-Enclosed Switchgear.)

This guide is an outgrowth of a technical paper presented at the AIEE winter general meeting in New York,
NY, January 18–22, 1954. In October 1955, the paper was issued by the AIEE Standards Committee as Pub-
lication 955. In 1962, 3000 A ratings were added and the temperature data from the National Oceanic and
Atmospheric Administration were updated. Subsequently, it was revised and published as an IEEE guide in
1971. A new section was added in the 1986 guide discussing color and finish of the metal-enclosed switch-
gear and their impact on temperature due to solar radiation.

This guide is a revision of IEEE Std C37.24-1986. Standards references have been updated and the latest
temperature data (for 1961–1990) for the US and Canada has been included. This revision also includes met-
rification of English units and the additional bibliographical entries to cover broad geographic locations.

Participants

This guide was prepared by a working group operating under the Switchgear Assemblies Subcommittee of
the IEEE Switchgear Committee. At the time this guide was completed, the working group had the follow-
ing membership: 

S. S. Gohil, Chair

The Switchgear Assemblies Subcommittee of the IEEE Switchgear Committee, which reviewed and
approved this guide, had the following membership:

D. J. Lemmerman, Chair

D. J. Edwards
A. F. Morgan
P. J. Notarian

G. R. Nourse
E. O’Donnell

T. W. Olsen
S. H. Telander
M. Wactor

C. J. Ball
T. A. Burse
E. R. Byron
J. J. Dravis
D. J. Edwards
S. S. Gohil
R. K. Iyer

J. M. Jerabek
W. E. Laubach
W. C. McKay
A. F. Morgan
P. J. Notarian
G. R. Nourse

T. W. Olsen
G. O. Perkins
E. A. Peters
R. J. Puckett
G. Sakats
S. H. Telander
M. Wactor
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This guide was processed and approved for submittal to ANSI by the Accredited Standards Committee on
Power Switchgear C37. Committee approval of the guide does not necessarily imply that all committee
members voted for its approval. At the time of its approval, the C37 Committee had the following members:

T. W. Olsen, Temporary Chair 
A.K. McCabe, Executive Vice Chair, HV Standards

J. Scott, Executive Vice Chair, LV Standards
D.L. Swindler, Executive Vice Chair, IEC Activities

J. Collins, Secretary

Organization Represented Name of Representative

Electric Light and Power Group ............................................................................................D. E. Galicia

Joseph L. Koepfinger
G. J. Martuscello
Y. Musa
E. Worland

Institute of Electrical and Electronics Engineers, Inc. ..........................................................A. Dixon
J. M. Jerabek
D. Sigmon
D. J. Lemmerman (Alt.)
T. E. Royster
R. W. Long (Alt.)
J. G. Wood (Alt.) 

National Electrical Manufacturers Association ..................................................................... G. Jones
W. Long
T. W. Olsen
G. Sakats
D. Stone

International Electrical Testing Association.......................................................................... A. Petersen
National Electrical Contractors Association.......................................................................... D. Harwood
Testing Laboratory Group ..................................................................................................... P. J. Notarian

E. Roseen
Tennessee Valley Authority................................................................................................... J. Nelson
US Dept. of Agriculture......................................................................................................... H. L. Bowles
US Dept. of the Army—Office of the Chief of Engineers .................................................... J. A. Gibson
US Dept. of the Navy—Naval Construction Battalion Center .............................................. D. L. Mills
Technical Liaison................................................................................................................... W. E. Lauback

C. Wagner
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The following members of the balloting committee voted on this standard. Balloters may have voted for
approval, disapproval, or abstention. 

When the IEEE-SA Standards Board approved this standard on 12 June 2003, it had the following
membership:

Don Wright, Chair
Howard M. Frazier, Vice Chair

Judith Gorman, Secretary

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Alan Cookson, NIST Representative
Satish K. Aggarwal, NRC Representative
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IEEE Guide for Evaluating the Effect 
of Solar Radiation on Outdoor 
Metal-Enclosed Switchgear

1. Overview

1.1 Introduction 

Outdoor metal-enclosed low-voltage power circuit breaker switchgear, outdoor metal-clad switchgear, and
outdoor metal-enclosed interrupter switchgear have reached a position of widespread application
comparable to that of indoor switchgear. Outdoor switchgear has had a satisfactory operating record for
many years in cold, temperate, and hot climates that has contributed to this increased usage. However, there
are conditions affecting the application of outdoor switchgear that are different from those for indoor
switchgear and warrant special consideration.

Realizing this situation, a study for metal-enclosed switchgear was undertaken by the Switchgear
Assemblies Subcommittee. It was soon established that temperature data were not available on fully loaded
units in the field. Outdoor laboratory and field testing was then tried, and it became evident that, due to
uncontrollable conditions, accurate and complete data suitable for establishing the current-carrying
capability of outdoor metal-enclosed switchgear could not be obtained. Metal-enclosed switchgear was then
tested indoors with outdoor conditions simulated. While valuable data were accumulated, no reliable
relationship between results obtained indoors and conditions existing outdoors was found. However, based
on these investigations, sufficient data were accumulated for the preparation of a guide for application of
outdoor metal-enclosed switchgear in various climates.

1.2 Scope

The general information in this guide is intended to assist in evaluating the effect of solar radiation on
outdoor metal-enclosed switchgear and is applicable to outdoor metal-enclosed power switchgear, control
switchboards, and metal-enclosed bus. Specific data are given in current-temperature relationship and
tabulation form for outdoor metal-enclosed low-voltage power circuit breaker switchgear, outdoor metal-
clad switchgear, and outdoor metal-enclosed interrupter switchgear.
Copyright © 2004 IEEE. All rights reserved. 1
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1.3 Purpose

Switchgear will perform satisfactorily and have a reasonable life when operated within the temperature
limits established in IEEE Std C37.20.1™-2002, IEEE Std C37.20.2™-1999, IEEE Std C37.20.3™-2001,
IEEE Std C37.21™-1985, and IEEE Std C37.23™-1987. These standards specify the temperature rise limits
above a standard (maximum) ambient temperature of 40 °C. This is satisfactory for indoor applications
where the temperature rise is due entirely to heat release (internal losses). In outdoor applications, the
limiting temperatures result from the net effect of internal losses and external influences, principally the sun,
wind, and local ambient temperatures. All of these must be considered in determining the current-carrying
capacity of outdoor metal-enclosed switchgear.

The magnitude of these factors will vary geographically and from season to season. The time relationship of
maximum circuit loads with respect to maximum ambient temperature is important. It is not practical to
design switchgear on the basis that all adverse factors reach their maxima coincident with maximum loads.
If this does not occur, full current ratings may be realized. Recommendations will be made to point out the
cumulative effect of these various influences.

2. References

This guide shall be used in conjunction with the following publications. When these standards are
superseded by an approved revision, the revision shall apply.

IEEE Std C37.20.1-2002, IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker
Switchgear.1, 2

IEEE Std C37.20.2-1999, IEEE Standard for Metal-Clad Switchgear.

IEEE Std C37.20.3-2001, IEEE Standard for Metal-Enclosed Interrupter Switchgear. 

IEEE Std C37.21-1985, IEEE Standard for Control Switchboards. 

IEEE Std C37.23-1987, IEEE Guide for Metal-Enclosed Bus and Calculating Losses in Isolated-Phase Bus. 

IEEE/ASTM SI 10™-2002, American National Standard for Use of the International Systems of Units (SI):
The Modern Metric System.

3. Operating limitations

Temperature limitations for metal-enclosed switchgear are established to ensure a satisfactory life span of
the insulation. Operation at higher temperatures than permitted by the appropriate standard will result in
shortened life, but if the temperature of the insulation goes above normal for only a few hours during just a
few days of the year, the effect on total life is hardly measurable. This is very different from the
establishment of higher short-duration ratings that might be repetitive on a day-to-day basis. The hazard of
immediate breakdown is not increased unless extreme temperatures are reached.

To exclude wind-blown dust and dirt, outdoor metal-enclosed switchgear is usually designed with more
restricted ventilation than indoor switchgear. Because of this design difference, outdoor switchgear has a

1The IEEE standards or products referred to in Clause 2 are trademarks of the Institute of Electrical and Electronics Engineers, Incorpo-
rated.
2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 
NJ 08855-1331, USA (http://standards.ieee.org/).
2 Copyright © 2004 IEEE. All rights reserved.
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somewhat increased internal temperature even when there is an equivalent number of circuit breakers and
buses. These conditions have been recognized in designs. With this restricted ventilation, the effect of solar
radiation on an enclosure will cause the air immediately under the roof to be relatively warm. Electrical parts
located near the roof will operate in air considerably warmer than that surrounding equipment in the center
or lower portion of the switchgear units. Some types of cable insulation may not be rated for the higher air
temperature found immediately under the roof. If cables are located in the upper part of housings, insulation
with appropriate thermal characteristics should be selected. IEEE Std C37.20.1-2002, IEEE Std C37.20.2-
1999, and IEEE Std C37.20.3-2001 state, in effect, that the temperature of the air surrounding insulated
cables within any compartment shall not exceed 65 ºC when the assembly is in an ambient air temperature of
40 °C. This temperature is based on the use of 90 ºC insulated power cables. Use of lower temperature rated
cables requires special consideration. In many cases the effect of solar radiation alone will raise the inside
temperature above that permitted by the appropriate standard. The insulation and size of conductors in this
location should be carefully considered by both manufacturers and users.

End units, particularly those exposed to the sun during periods of heavy load, should be considered on a
different basis from the others in determining loading, conductor sizes, and cable insulation.

In addition to the effect on insulation, high internal air temperatures will increase the total temperature of the
conducting parts. If circuit breakers are properly maintained, no adverse effects will result if their
temperatures exceed allowable limits by a few degrees for short intervals during a few days of the year. All
primary connections in metal-enclosed switchgear are usually silver surfaced or equivalent, and no trouble
should be experienced with them if rated temperatures are exceeded under similar conditions. Here again, it
is important to realize the difference between increased temperatures due to outside influences that occur
infrequently as compared to higher short-duration temperatures that might be repetitive on a daily basis.

Caution must be used, however, in the application of temperature sensitive devices, such as devices with
electronic components in outdoor metal-enclosed switchgear. Accelerated component aging and device
failure can result from increased temperatures that occur infrequently. Maximum temperature limitations for
temperature-sensitive devices should be determined, and those temperature limitations should be considered
during equipment design.

It is noted that the use of electronic devices has become widespread in outdoor metal-enclosed switchgear.
Common electronic devices employed include protective relays, power metering devices, transducers,
supervisory control and data acquisition (SCADA) systems, remote terminal units (RTUs), programmable
logic controllers (PLCs), as well as many other devices. These devices are generally designed in accordance
with specific component standards and may be subject to temperature limitations more restrictive than those
applicable to the switchgear equipment.

4. External influences on internal operating temperatures

4.1 Ambient temperatures

The ambient temperature surrounding switchgear is the base to which the temperature rise of insulation and
electric parts is added. At rated current, the conducting parts have an established temperature rise above the
outside air. If the ambient temperature of outside air is lower, the total temperature of the electric parts will
be correspondingly reduced. In all test work, measurements are made with the ambient temperature
determined by the method established in IEEE Std C37.20.1-2002, IEEE Std C37.20.2-1999, IEEE Std
C37.20.3-2001, or IEEE Std C37.23-1987, and the thermal performance of the equipment is based on the
temperature rise above this ambient temperature. Outdoor ambient temperatures vary widely in most
localities over a 24-hour period and provide a varying influence on the internal temperatures of switchgear.
Under the more stable conditions affecting indoor applications, it is possible to establish a reasonably
accurate relationship between ambient temperature and the temperature rise of electrical equipment.
Copyright © 2004 IEEE. All rights reserved. 3
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However, with the changing conditions that exist outdoors, it was found that it was impossible to get test
data sufficiently accurate and consistent for use in establishing the current-carrying capability of switchgear.
The establishment of ambient temperatures over a period of time, as would be necessary to fix a value to be
used for determining the loading of switchgear, is a rather lengthy procedure. Readings of ambient
temperature should be taken in standard US Weather Bureau enclosures. The construction of these can be
obtained from any US Weather Bureau station. The housing for the thermometer should be located in a
position that will expose it to air of about the same temperature as that around the switchgear. In outdoor
locations there is no significant variation with respect to the top, middle, or bottom of the structure.
However, the thermometer should not be affected by heat reflection from the ground.

A publication from the National Climatic Data Center (formerly US Weather Bureau) [B3] covers data taken
or adjusted to a standard time period of 30 years of 1961–1990. These data were obtained from Weather
Bureau stations in the US, Puerto Rico, and Pacific Islands and are believed to be the best information
available for determining reference temperatures for the purpose of this guide (see Table B.3). The monthly
normal maximum temperatures are given for each month of the year. The monthly normal maximum
temperature for the month of July, for example, is computed by adding the maximum temperature for each
day in July in a particular year and dividing the sum by the number of days. This provides the monthly
normal maximum temperature for July of that year. The yearly temperatures for that month are averaged to
provide the figure shown in the tabulation. It is recognized that an average obtained in this way may be
lower than an average based on some particular shorter period of time. Table B.4 provides monthly normal
maximum temperatures for Canada. The effect of reflected solar radiation, whether from surrounding
objects or other conditions at the site, should be considered.

The absolute maximum temperature for a particular month (available in other US Weather Bureau records)
is the maximum temperature that has ever been reached in a particular locality. Ordinarily, such extremes of
temperature would occur for only a few hours on one day over a period of several years. It does not seem
feasible to design and apply switchgear on this basis, and therefore, the monthly normal maximum
temperatures are recommended for determining the continuous current-carrying capacity of outdoor metal-
enclosed switchgear in the locality where it is to be installed and operated. An examination of this tabulation
will show that in the hot months of the year, the 40 ºC standard ambient temperature was exceeded only in
Arizona, California, and Nevada. In most localities the monthly normal maximum temperature is
considerably below 40 ºC, leaving a margin that should help to offset some of the adverse factors caused by
higher temperature and that should provide longer than normal insulation life.

There are many Weather Bureau stations where long-time records of monthly normal maximum
temperatures are available in addition to those listed in this guide. Where such additional local Weather
Bureau data can be obtained, a check should be made to be sure that the temperature data used for
determining current-carrying capacity are representative of the conditions where the outdoor metal-enclosed
switchgear will be installed and operated.

4.2 Solar radiation

The most important source of heat in outdoor metal-enclosed switchgear, aside from electrical losses within
the equipment itself, is the effect of solar radiation. The intensity (flux density) of solar radiation on a
surface normal to the sun’s rays, beyond the earth’s atmosphere, and at the mean earth-sun distance is
termed the solar constant. Its value approximates 1335 W/m2 (see IEEE/ASTM SI 10-2002 for conversion
factors for units of the SI). In passing through the earth’s atmosphere, the sun’s radiation is scattered and
absorbed by dust, gas molecules, ozone, and water vapor. The extent of this depletion at any given time
depends upon the composition of the atmosphere and the length of the path through the atmosphere that the
sun’s rays must travel. Thus, the irradiance at a given point on the earth’s surface depends on this depletion
as well as on the deviation from the mean earth-sun distance, the declination of the earth’s axis, the time of
year, the time of day, and the latitude of the given point.
4 Copyright © 2004 IEEE. All rights reserved.
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For example, records at Santa Fe, New Mexico, and Mt. Whitney, California, representative of high and dry
locations where depletion should be minimal, show magnitudes of 1141 and 1195 W/m2, respectively. Tests
made during the last two weeks of June at State College, Pennsylvania, and at Columbus, Ohio, indicate that
a maximum of approximately 1044 W/m2 is reached at these two locations. The value varies from zero at
sunrise approximately sinusoidally to a maximum at noon (solar time), and diminishes to zero at sunset.
Figure A.1 shows the measured maximum irradiation at these two locations. It also shows a curve indicating
what this irradiation would be if the increase and decrease during the day were exactly sinusoidal. At both
locations, the average maximum irradiation over several days was considerably below the maximum values
shown in Figure A.1. However, in other localities, particularly in the West, full values of irradiation may be
an almost daily occurrence in the summer.

A value of 1044 W/m2 was chosen as a practical value representative of areas in which the majority of
outdoor metal-enclosed switchgear will be installed. Indoor tests were made with this value of irradiation
simulated by banks of infrared lamps. These lamps were selected from a practical standpoint, but they are
not entirely satisfactory since their emission does not contain the entire spectrum of solar radiation. The
indoor tests did take into account the additional horizontal component of irradiation on a southern exposed
vertical surface, approximately 312 W/m2 at 40º-north latitude at the time of the field measurements.

On the basis of field measurements, indoor tests, and calculated data that were accumulated during this study
on outdoor metal-enclosed switchgear, it was established that the maximum temperature rise of the
conducting parts is about 15 °C due to solar radiation alone. 

4.3 Wind influence

It is estimated that 16 km/h wind would totally offset the heating effect of the noonday sun. However,
switchgear structures vary so much in shape and relative amount of exposed surface that no accurate figure
can be given. The effect of air movement as low as 5 km/h would be significant, and the values in this range
are recognized as having a cooling effect on transmission line conductors. However, since there may be
localities where the wind velocity is very low and no accurate data are available, it is recommended that no
consideration be given to the effect of wind in cooling switchgear.

5. Ventilation and condensation control

Ventilation of outdoor switchgear is usually more restricted than that for indoor switchgear because it is
desirable to provide filters to exclude airborne dust and dirt. It is not desirable to seal switchgear units tightly
because moisture condensation may occur on the electrical parts and insulation. Some form of heat is also
necessary to keep the internal air above the dew point. When appreciable loads are being carried on the
circuits, electrical losses would usually be adequate, but the automatic means required to recognize this
source of heat and turn off the heaters have not been used consistently. A large percentage of outdoor
switchgear units are equipped with heaters under manual control. However, thermostats, humidistats, and
differential thermostats have all been used. Theoretically, the use of the latter is one of the better approaches
to the problem, but differential thermostats operating on the small heat differential provided by the usual
heater installation may not be entirely satisfactory or reliable. If heaters are used in the hotter parts of the
country in the months when maximum temperatures are reached and the application requires that switchgear
be operated very near to full load, it may be desirable to use current-responsive relays to turn them off. This
would result in a 2 °C–3 ºC decrease in internal air temperature.

6. Enclosure color and finish considerations

The exterior color and finish of outdoor switchgear enclosures can have a significant impact on the heating
effect of solar radiation. Since light-colored paints absorb and radiate heat from low temperature sources
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