Watts and Volt-Amps:
Powerful Confusion
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Executive Summary
This note helps explain the differences between Watts and VA and explains how the terms
are correctly and incorrectly used in specifying power protection equipment.
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Introduction
This note helps explain the differences between Watts and VA and explains how the terms are correctly and
incorrectly used in specifying power protection equipment. Many people are confused about the distinction
between the Watt and Volt-Amp (V-A) measures for UPS load sizing. Many manufacturers of UPS and load
equipment add to this confusion by failing to distinguish between these measures.

Background
The power drawn by computing equipment is expressed in Watts or Volt-Amps (VA). The power in Watts is
the real power drawn by the equipment. Volt-Amps are called the "apparent power" and are the product of
the voltage applied to the equipment times the current drawn by the equipment.
Both Watt and VA ratings have a use and purpose. The Watt rating determines the actual power purchased
from the utility company and the heat loading generated by the equipment. The VA rating is used for sizing
wiring and circuit breakers.
The VA and Watt ratings for some types of electrical loads, like incandescent light bulbs, are identical.
However, for computer equipment the Watt and VA ratings can differ significantly, with the VA rating always
being equal to or larger than the Watt rating. The ratio of the Watt to VA rating is called the "Power Factor"
and is expressed either as a number (i.e. 0.7) or a percentage (i.e. 70%).

The Watt rating for a computer may not be equal to the VA rating
All Information Technology equipment including computers uses an electronic switching power supply.
There are two basic types of computer switching power supplies, which are called 1) Power Factor
Corrected supplies or 2) Capacitor Input supplies. It is not possible to tell which kind of power supply is
used by inspection of the equipment, and this information is not commonly provided in equipment
specifications. Power Factor Corrected or PFC supplies were introduced in the mid 1990’s and have the
characteristic that the Watt and VA ratings are equal (power factor of 0.99 to 1.0). Capacitor Input supplies
have the characteristic that the Watt rating is in the range of .55 to .75 times the VA rating (power factor of
0.55 to 0.75).
All large computing equipment such as routers, switches, drive arrays, and servers made after about 1996
uses the Power Factor Corrected supply and consequently for this type of equipment the power factor is 1.
Personal computers, small hubs, and personal computer accessories typically have Capacitor Input supplies
and consequently for this type of equipment the power factor is less than one, and is ordinarily in the range
of 0.65. Larger computer equipment made prior to 1996 also typically used this type of power supply and
exhibited a power factor less than one.
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The power rating of the UPS
UPS have both maximum Watt ratings and maximum VA ratings. Neither the Watt nor the VA
rating of a UPS may be exceeded.
It is a de-facto standard in the industry that the Watt rating is approximately 60% of the VA rating for small
UPS systems, this being the typical power factor of common personal computer loads. In some cases,
UPS manufacturers only publish the VA rating of the UPS. For small UPS designed for computer loads,
which have only a VA rating, it is appropriate to assume that the Watt rating of the UPS is 60% of the
published VA rating.
For larger UPS systems, it is becoming common to focus on the Watt rating of the UPS, and to have equal
Watt and VA ratings for the UPS, because the Watt and VA ratings of the typical loads are equal.

For a

further discussion of the issues of power factor of larger systems and data centers, see APC White Paper
#26 “Hazards of Harmonics and Neutral Overloads”.

Examples where a sizing problem can occur
Example #1: Consider the case of a typical 1000VA UPS. The user wants to power a 900W heater with the
UPS. The heater has a Watt rating of 900W and a VA rating of 900VA with a power factor of 1. Although
the VA rating of the load is 900VA, which is within the VA rating of the UPS, the UPS will probably not power
this load. That is because the 900W rating of the load exceeds the Watt rating of the UPS, which is most
likely 60% of 1000VA or around 600W.
Example #2: Consider the case of a 1000VA UPS. The user wants to power a 900VA file server with the
UPS. The file server has a Power Factor Corrected power supply, and so has a Watt rating of 900W and a
VA rating of 900VA. Although the VA rating of the load is 900VA, which is within the VA rating of the UPS,
the UPS will not power this load. That is because the 900W rating of the load exceeds the Watt rating of the
UPS, which is 60% of 1000VA or around 600W.

How to avoid sizing errors
Using the APC UPS selector on www.apc.com can help avoid these problems, as the load power values are
verified based on the equipment specified. Also, the selector ensures that neither the Watt nor VA ratings
are exceeded.
Equipment nameplate ratings are often in VA, which makes it difficult to know the Watt ratings. If using
equipment nameplate ratings for sizing, a user might configure a system, which appears to be correctly
sized based on VA ratings but actually exceeds the UPS Watt rating.
By sizing the VA rating of a load to be no greater than 60% of the VA rating of the UPS, it is impossible to
exceed the Watt rating of the UPS. Therefore, unless you have high certainty of the Watt ratings of the
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loads, the safest approach is to keep the sum of the load nameplate ratings below 60% of the UPS VA
rating.
Note that this conservative sizing approach will typically give rise to an oversized UPS and a larger run time
than expected. If optimization of the system and an accurate run time are required, use the APC UPS
selector at www.apc.com.

Conclusion
Power consumption information on computer loads is often not specified in a way that allows simple sizing of
a UPS. It is possible to configure systems that appear to be correctly sized but actually overload the UPS.
By slightly over sizing the UPS compared with the nameplate ratings of the equipment, proper operation of
the system is ensured. Over sizing also provides the side benefit of providing additional UPS backup time.

Related reading
For further reading on the subject of power factor as it relates to non-linear loads, consult the following:
IEEE GUIDE TO HARMONIC CONTROL AND REACTIVE COMPENSATION OF STATIC POWER
CONVERTERS (IEEE Std 519-1981) The Institute of Electrical and Electronics Engineers, Inc., 345 E 47th
Street, New York, NY 10017
GUIDELINE ON ELECTRICAL POWER FOR ADP INSTALLATIONS (FIPS PUB 94 September 21, 1983)
U.S. Dept. of Commerce, National Technical Information Service, 5285 Port Royal Road, Springfield, VA
22161
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