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IEEE Recommended Practice
for Utility Interface of
Photovoltaic (PV) Systems

1. Overview
This recommended practice contains guidance regarding equipment and functions necessary to ensure
compatible operation of photovoltaic (PV) systems that are connected in parallel with the electric utility.
This guidance includes factors relating to personnel safety, equipment protection, power quality, and utility
system operation.
The document also includes seven annexes
—
—
—
—
—
—
—

Annex A, Minimum test procedure for a nonislanding PV inverter
Annex B, PV inverters and the utility interface
Annex C, Disconnect switches and utility procedures
Annex D, Islanding as it applies to PV systems
Annex E, The PV inverter under utility fault conditions
Annex F, Dedicated distribution transformers
Annex G, Bibliography

1.1 Scope
This recommended practice applies to utility-interconnected PV power systems operating in parallel with
the utility and utilizing static (solid-state) inverters for the conversion of direct current (dc) to alternating
current (ac). (This recommended practice does not apply to systems utilizing rotating inverters.)
This recommended practice describes specific recommendations for “small” systems, rated at 10 kW or less,
such as may be utilized on individual residences. These recommendations will provide greater standardization for these smaller systems, thereby reducing the engineering and design burden on both the PV system
installer and the interconnecting utility.
“Intermediate” applications, ranging from over 10 kW up to 500 kW, follow the same general guidelines as
small systems. Options to have adjustable setpoints or other custom features may be required by the inter-
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connecting utility, depending on the impact of the PV system on the portion of the utility system to which it
is interconnected.
“Large” systems, greater than 500 kW, may combine various standardized features as well as custom
requirements, depending on the impact of the PV system on the portion of the utility system to which it is
interconnected. A greater degree of custom engineering of the utility interface is to be expected as the size of
the PV system grows in relation to utility system capacity.

1.2 Purpose
This recommended practice will provide value to a wide spectrum of personnel involved with utilityinterconnected PV systems, including utility engineers, PV system designers and installers, and PV system
owners. The standardized interconnection recommendations included in this recommended practice will
minimize custom engineering of many aspects of the interconnection. This document is focused on
providing recommended practice for utility interconnection of PV systems in a manner that will allow the
PV systems to perform as expected and be installed at a reasonable cost while not compromising safety or
operational issues.
Small utility-interconnected PV systems should use standardized, listed inverters (listed to test standards,
such as UL 1741-19991, which include the testing requirements described in Annex A). The listing process
assures that the inverter incorporates fixed voltage and frequency trip settings and incorporates an integral
anti-islanding scheme. It is the intent of this recommended practice that small systems designed and
installed in accordance with this document and other applicable standards, such as the National Electrical
Code® (NEC®) (NFPA 70-1999), will require no additional protection equipment.

2. References
This recommended practice shall be used in conjunction with the following publications. When the following standards are superseded by an approved revision, the revision shall apply.
Accredited Standards Committee C2-1997, National Electrical Safety Code® (NESC®).2
ANSI C84.1-1995, American National Standard for Electric Power Systems and Equipment—Voltage Ratings (60 Hertz).3
IEEE Std 519-1992, IEEE Recommended Practices and Requirements for Harmonic Control in Electrical
Power Systems.
NFPA 70-1999, National Electrical Code® (NEC®).4
UL 1741–1999, Standard for Static Inverters and Charge Controllers for Use in Photovoltaic Power Systems.5

1Information

on references can be found in Clause 2.
NESC is 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/).
3ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
4NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101, USA.
5UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
2The
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3. Definitions
For purposes of this recommended practice, the following terms and definitions apply. IEEE 100-1996
[B7],6 The IEEE Dictionary of Electrical and Electronics Terms, should be referenced for terms not defined
in this clause.
3.1 inverter: Equipment that converts direct current (dc) to alternating current (ac). Any static power converter (SPC) with control, protection, and filtering functions used to interface an electric energy source with
an electric utility system. Syn: static power converter (SPC), power conditioning subsystems, power
conversion systems, solid-state converters, or power conditioning units.
NOTES
1—The term “inverter” is popularly used for the converter that serves as the interface device between the PV system dc
output and the utility system. However, the definition for SPC more accurately describes this interface device. Because
of popular usage, the term “inverter” is used throughout this recommended practice. It should be born in mind that this
inverter includes the control, protection, and filtering functions as described in the definition for SPC.
2—Because of its integrated nature, the inverter is only required to be totally disconnected from the utility for service or
maintenance. At all other times, whether the inverter is transferring PV energy to the utility or not, the control circuits
remain connected to the utility to monitor utility conditions. The phrase “cease to energize the utility line” is used
throughout this document to acknowledge that the inverter does not become totally disconnected from the utility when a
trip function occurs, such as an overvoltage trip. The inverter can be completely disconnected from the utility for inverter
maintenance by opening the ac-disconnect switch required by the NEC®.

3.2 nonislanding inverter: An inverter that will cease to energize the utility line in ten cycles or less when
subjected to a typical islanded load in which either of the following is true:
a)

There is at least a 50% mismatch in real power load to inverter output (that is, real power load is
< 50% or > 150% of inverter power output).

b)

The islanded-load power factor is < 0.95 (lead or lag).

If the real-power-generation-to-load match is within 50% and the islanded-load power factor is > 0.95, then
a nonislanding inverter will cease to energize the utility line within 2 s whenever the connected line has a
quality factor of 2.5 or less.
NOTE—See Annex A for a test procedure that identifies an inverter as a nonislanding inverter.

3.3 islanding: A condition in which a portion of the utility system that contains both load and distributed
resources remains energized while isolated from the remainder of the utility system.
3.4 distributed resource islanding: An islanding condition in which the distributed resource(s) supplying
the loads within the island are not within the direct control of the power system operator.
3.5 point of common coupling (PCC): The point at which the electric utility and the customer interface
occurs. Typically, this point is the customer side of the utility revenue meter.
NOTE—In practice, for building-mounted photovoltaic (PV) systems (such as residential PV systems) the customer distribution panel may be considered the PCC for convenience in making measurements and performing testing.

3.6 quality factor: Two pi times the ratio of the maximum stored energy to the energy dissipated per cycle at
a given frequency.
NOTE—In a parallel resonant circuit, such as a load on a power system
6The

numbers in brackets correspond to those of the bibliography in Annex G.
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C
---L

where
Q
R
C
L

is quality factor
is effective load resistance
is effective load capacitance (including shunt capacitors)
is effective load inductance

Or, on a power system, where real power, P, and reactive powers, PqL, for inductive load, and PqC for capacitive load, are
known as
Q = (1/P)

P qL × P qC

where
Q
P
PqL
PqC

is quality factor
is real power
is inductive load
is capacitive load

3.7 resonant frequency: The frequency, f, at which a parallel resonant resistive-inductive-capacitive (RLC)
load has unity power factor
f = 1/(2! C × L )
where
f
C
L

is the resonant frequency
is effective load capacitance (including shunt capacitors)
is effective load inductance

Also, the frequency at which the reactive powers PqL and PqC are equal, and hence the parallel RLC load
appears equivalent to the load resistance only.
3.8 utility-interface disconnect switch: A switch that may be required at the interface between the
photovoltaic (PV) system and the utility system. This terminology is used to distinguish this switch from
others that may be installed for other reasons, such as to satisfy requirements of the National Electrical
Code®.

4. Power quality
The quality of power provided by the PV system for the on-site ac loads and for delivery to the interconnected utility is governed by practices and standards addressing voltage, flicker, frequency, and distortion.
Deviation from these standards represents out-of-bounds conditions and may require that the inverter cease
to energize the utility line. For intermediate and large systems, the interconnected utility may prefer to have
the PV remain connected during some voltage or frequency excursions to assist in riding through disturbances. Abnormal conditions are discussed in Clause 5.
All power quality parameters (that is, voltage, flicker, frequency, distortion) are specified at the point of common coupling (PCC) unless otherwise stated in this recommended practice.

4
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Underwriters Laboratories has prepared UL 1741-1999 specifically for PV inverters and PV charge controllers. The utility interconnection testing in UL 1741-1999 contains tests to confirm that an inverter meets the
power quality recommendations of Clause 4 of this recommended practice.

4.1 Normal voltage operating range
Utility-interconnected PV systems do not regulate voltage, they inject current into the utility. Therefore, the
voltage operating range for PV inverters is selected as a protection function that responds to abnormal utility
conditions, not as a voltage regulation function.
Clearly, a large quantity of this current injection has the potential for impacting utility voltage. As long as the
magnitude of PV current injection on a utility line remains less than the load on that line, the utility’s voltage
regulation devices will continue to operate normally. If the PV current injection on a utility line exceeds the
load on that line, then corrective action is required, as the voltage regulation devices do not normally have
directional current sensing capability.
See 5.1.1 for recommended device response when voltage at the PCC lies outside the specified operating
range.
4.1.1 Small systems (" 10 kW)
Small PV systems should be capable of operating within the limits normally experienced on utility
distribution lines. It is in the best interest of both the interconnected utility and the PV system owner that the
operating window be selected in a manner that minimizes nuisance tripping. The operating window for these
small PV systems is 106–132 V on a 120 V base, that is, 88–110% of nominal voltage. This range results in
trip points at 105 V and at 133 V.
In actual practice, the 133 V trip point is related to the PCC voltage, which is not necessarily the inverter terminal voltage. If the inverter installation is electrically near enough to the PCC to allow negligible voltage
difference between the inverter and the PCC, then the 133 V trip point will apply to the inverter terminals as
well as the PCC. However, some systems may have installation restrictions that do not allow negligible voltage difference between the inverter and the PCC. In such cases, the techniques described in B.9 may be useful in allowing for this voltage difference.
The recommendation of this clause is that the inverter cease to energize the utility lines whenever the voltage
at the PCC deviates from the allowable voltage operating range of 106–132 V.
4.1.2 Intermediate and large systems
Utilities may have specific operating voltage ranges for intermediate and large PV systems and may require
adjustable operating voltage settings for these larger systems. In the absence of such requirements, the principles of operating between 88% and 110% of the appropriate interconnection voltage (see 4.1.1) should be
followed.

4.2 Voltage flicker
Whether a particular amount and frequency of voltage flicker are problems is highly subjective. The topic
has been documented in several studies in the past, including one by the New England Electric Power
Service Co. [B10], and is discussed in 10.5 of IEEE Std 519-1992, particularly Figure 10.3. Any voltage
flicker resulting from the connection of the inverter to the utility system at the PCC should not exceed the
limits defined by the maximum borderline of irritation curve identified in IEEE Std 519-1992. This requirement is necessary to minimize the adverse voltage effects to other customers on the utility system.
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4.3 Frequency
The utility controls system frequency, and the PV system shall operate in synchronism with the utility. Small
PV systems installed in North America should have a fixed operating frequency range of 59.3–60.5 Hz. Systems installed in another country should follow the frequency operating window standards of that country.
Small isolated utility systems, as are often encountered on islands and in remote areas, may require larger
frequency windows for small systems because of prevalent frequency deviations outside the above-specified
window. Utilities may require adjustable operating frequency settings for intermediate and large systems.
See 5.1.2 for action recommended when frequency at the PCC lies outside the specified operating range.

4.4 Waveform distortion
The PV system output should have low current-distortion levels to ensure that no adverse effects are caused
to other equipment connected to the utility system. The PV system electrical output at the PCC should comply with Clause 10 of IEEE Std 519-1992 and should be used to define the acceptable distortion levels for
PV systems connected to a utility. The key requirements of this clause are summarized in the following:
—

Total harmonic current distortion shall be less than 5% of the fundamental frequency current at rated
inverter output.

—

Each individual harmonic shall be limited to the percentages listed in Table 1. The limits in Table 1
are a percentage of the fundamental frequency current at full system output. Even harmonics in these
ranges shall be <25% of the odd harmonic limits listed.
Table 1—Distortion limits as recommended in IEEE Std 519-1992
for six-pulse converters
Odd harmonics

Distortion limit

3rd–9th

< 4.0%

11th –15th

< 2.0%

17th–

21st

< 1.5%

23rd–33rd

< 0.6%

Above the

33rd

< 0.3%

These requirements are for six-pulse converters and general distortion situations. IEEE Std 519-1992 gives a
conversion formula for converters with pulse numbers greater than six.

4.5 Power factor
The PV system should operate at a power factor > 0.85 (lagging or leading) when output is > 10% of rating.
Most PV inverters designed for utility-interconnected service operate close to unity power factor. Specially
designed systems that provide reactive power compensation may operate outside of this limit with utility
approval.
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5. Safety and protection functions
This clause describes recommendations addressing the proper and safe operation of the PV system.
Recommendations include equipment protective functions as well as hardware recommendations to address
personnel safety. This clause also includes specifications regarding the response to electrical disturbances.
Annex B discusses the capabilities of inverters and their response to electrical disturbances.
UL 1741-1999 contains safety tests, as described in the minimum inverter test procedure discussed in
Annex A, which confirm the existence of trip settings that adhere to the recommendations in this clause,
including testing for the existence of an anti-islanding scheme.

5.1 Response to abnormal utility conditions
Abnormal conditions can arise on the utility system that require a response from the connected PV system.
This response is to ensure the safety of utility maintenance personnel and the general public, as well as to
avoid damage to connected equipment, including the PV system. The abnormal utility conditions of concern
are voltage and frequency excursions above or below the values stated in 4.1 and in 4.3 and the complete disconnect of the utility, presenting the potential for a distributed resource island. (See 3.4 for a definition of
distributed resource islanding, and see 5.1.3 and Annex D for a discussion of islanding as it applies to PV
systems.)
A PV system should sense utility conditions and cease to energize the utility line when the sensed voltage or
frequency lies outside the values stated in 4.1 and 4.3, when the potential for a distributed resource island
exists, or when excess dc current injection is sensed.
5.1.1 Voltage disturbances
All discussions regarding system voltage assume a nominal 120 V base. To help in translating these guidelines to voltage bases other than 120 V, the limits will also be provided as approximate percentages.
The inverter should sense abnormal voltage and respond. The conditions in Table 2 should be met, with voltages in root-mean-square (rms) values and measured at the PCC.
Table 2—Response to abnormal voltages
Maximum trip time1

Voltage (at PCC)
V < 60 (V < 50%)

6 cycles

60 " V < 106 (50% " V< 88%)

120 cycles

106 " V" 132 (88% "V" 110%)

Normal operation

132 < V < 165 (110% < V < 137%)

120 cycles

165 " V (137% " V)

2 cycles

1“Trip

time” refers to the time between the abnormal condition being applied
and the inverter ceasing to energize the utility line. The inverter will actually
remain connected to the utility to allow the inverter to sense utility electrical
conditions for the “reconnect” feature.

The purpose of the allowed time delay is to ride through short-term disturbances to avoid excessive nuisance
tripping.
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For small systems, the above setpoints should be nonuser-adjustable.
For intermediate and large PV systems, the voltage setpoints may be field adjustable if approved by the
interconnecting utility. For intermediate and large PV systems being fed from medium-voltage switchgear,
consideration should be given to monitoring voltage for the recommendations of this subclause at the PCC in
order to avoid problems with voltage drop in various transformers, wiring, or feeder circuits.
5.1.2 Frequency disturbances
As discussed in 4.3, small PV systems should have a fixed frequency operating range of 59.3–60.5 Hz. The
test points for determining proper operation of the frequency trip function should be 59.2 Hz and 60.6 Hz.
For intermediate and large systems, utilities may require the ability to adjust the operating frequency range
for special circumstances.
When the utility frequency is outside the range of 59.3–60.5 Hz, the inverter should cease to energize the
utility line within six cycles. The purpose of the allowed time delay is to ride through short-term disturbances to avoid excessive nuisance tripping.
5.1.3 Islanding protection
This subclause addresses anti-islanding features required of the PV inverter to ensure that the inverter ceases
to energize the utility line when the inverter is subjected to islanding conditions. For a discussion of islanding as it applies to PV systems, see Kern et al. [B4]; Stevens et al. [B12]; Begovic et al. [B1]; and Annex D.
PV systems are protected against the vast majority of potential islanding situations by voltage and frequency
detection schemes as discussed in 5.1.1 and 5.1.2. However, it is possible that circumstances may exist on a
line section that has been isolated from the utility and contains a balance of load and PV generation that
would allow continued operation of PV systems (see Begovic et al. [B1] and Annex E). Such circumstances
would require a load-to-generation balance so that both frequency and voltage remain inside the trip limits
described in 5.1.1 and 5.1.2. Although such a load balance is perceived as a low-probability event, the potential impact of such an occurrence is great enough that this distributed resource islanding has been the subject
of numerous studies and much research (Kern [B3]; New England Electric Power Service Co. [B10];
Stevens [B11]; Kern et al. [B4]; Stevens et al. [B12]; and Begovich et al. [B1]). This work has resulted in
development of active control techniques that have proven to be reliable in detecting potential distributed
resource islands, as well as a method to determine whether an adequate anti-islanding scheme is operational
in an inverter. (See Annex A and Annex D.)
A utility wishing to ensure against establishment of a PV-supported distributed resource island should
require the use of a nonislanding inverter. See 3.2 for the definition of a nonislanding inverter.
Another factor that works in favor of nonsupport of a distributed resource island by PV systems is the inability of most PV inverters designed for utility interconnection to supply the demand distortion or nonunity
power factor associated with nonlinear loads. An instructive example is presented in Stevens et al. [B12] and
briefly described in Annex D.
5.1.4 Reconnect after a utility disturbance
Following an out-of-bounds utility event that has caused the PV system to cease to energize the utility line,
line energization should remain disabled until continuous normal voltage and frequency (that is, voltage and
frequency within the limits described in 4.1 and 4.3) have been maintained by the utility for a minimum of
5 min, at which time the inverter is allowed to automatically reconnect the PV system to the utility.
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5.2 Direct-current injection
The PV system should not inject dc current > 0.5% of rated inverter output current into the ac interface under
either normal or abnormal operating conditions. See Annex B for further discussion of dc injection prevention with commercial inverters.

5.3 Grounding
The PV system and interface equipment should be grounded in accordance with applicable codes. A discussion of grounding is outside the scope of this document. Information relating to grounding of PV systems as
required by the NEC can be found in Wiles [B13].

5.4 Utility-interface disconnect switch
The term “utility-interface disconnect switch” is used to identify a switch that may be included in a PV system for the express purpose of disconnecting the PV system output from the interconnected utility. This
switch may be in addition to other disconnect switches, such as those required by the NEC.
A utility-interface disconnect switch is a manual, lockable, load-break disconnect switch that provides clear
indication of the switch position and is both visible and accessible to utility workers. The switch should
provide a visual verification of the switch contact position when the switch is in the open position. Many
low-voltage safety switches have a cover that cannot be opened when the switch is in the “closed” position,
but can be opened when the switch is in the “open” position, providing visual verification that the contacts
are open. Such a switch meets the requirements of this clause.
When a utility-interface disconnect switch is required, it is to allow utility workers to disconnect the PV system from the utility electrical system when it is necessary for safe utility line work. Two situations exist
where utilities may choose not to require a utility-interface disconnect switch
—
—

If a utility has operating procedures that do not require such a switch for PV systems.
When certified nonislanding inverters are used.

There may be other nontechnical or business-related reasons to install a utility-interface disconnect switch.
For example, a utility might have contract requirements that specify a lockable, outdoor-accessible, loadbreak disconnect switch to allow the PV system to be locked out of service in the case of default on contract
requirements. Also, agreements with labor unions may require the installation of this utility-interface disconnect switch. See Annex C for further discussion of disconnect switches and utility procedures.
Compliance with the requirement for a utility-interface disconnect switch is further described in 5.4.1 and
5.4.2 for PV systems that are not associated with a building and for PV systems that are on buildings (including residences, apartments, and commercial and industrial buildings).
5.4.1 Nonbuilding-associated PV systems
All PV systems include disconnect switches for a variety of reasons. For example, the ac and dc switches
required by the NEC to electrically to isolate an inverter to allow service or removal of the inverter. Another
switch is required to electrically isolate a distribution transformer associated with the PV system. In most
nonbuilding-associated PV systems (for example, a ground-mounted PV system), these switches can perform the function of the utility-interface disconnect switch described in 5.4 and may be accepted by the local
utility for that purpose. In such cases, an additional switch is not recommended.
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5.4.2 PV systems on buildings
The switches noted in 5.4.1 may also serve as the utility-interface disconnect switch for PV systems on
buildings, depending on the location of the switch. For example, if an inverter is mounted on the exterior of
the building in a location readily accessible to the utility worker, then the ac disconnect required by the NEC
for that inverter can also serve as the utility-interface disconnect switch if it fulfills the other requirements
described in 5.4. If no disconnect switch has been installed as a normal part of the PV installation that will
meet the requirements of a utility-interface disconnect switch, then such a switch should be provided (unless
the interconnecting utility does not require the switch) as discussed in the first paragraph of 5.4.
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Annex A
(normative)

Minimum test procedure for a nonislanding PV inverter
A.1 Introduction
Nonislanding PV inverters are designed for connection as a parallel source to a utility service. In addition to
fixed overfrequency, underfrequency, overvoltage, and undervoltage trips described in Clause 5, this type of
inverter includes a means to shut down when the utility source is not present (the nonislanding feature). Testing inverters at rated output for interactive operation with a utility requires special test equipment. Thus, full
capacity tests are usually reserved for certified design type testing. Anytime a circuit or software is changed
in the inverter, the design type testing should be repeated.
Measurement error for all parameters, except frequency, in the following test procedures shall be < 2%.
Measurement error for frequency shall be " 0.1 Hz.

A.2 Test procedure to verify frequency and voltage limits
a)

Connect the output of the inverter to a simulated utility source that is capable of absorbing the
energy to be delivered by the inverter. It is not necessary to run the inverter at full output to verify the
fixed frequency and voltage set points.

b)

Adjust the simulated utility source to nominal frequency and voltage and verify the inverter is delivering power.

c)

Verify the voltage trip points and time to trip as specified in Clause 5 by raising and lowering the
voltage to values outside the normal operating windows.

d)

Verify the frequency trip points and time to trip by varying the frequency at a rate no faster than
0.5 Hz/s to the trip points specified in Clause 5.

e)

Following disconnection from the simulated utility source, restore the voltage and frequency to the
nominal output values of the inverter and verify that
1)

An inverter that is provided with manual reset remains disconnected from the simulated utility
source.

2)

An inverter with automatic reset does not reconnect to the simulated utility source until the utility voltage and frequency are restored for the period specified in Clause 5.

Each of the above tests shall be repeated 10 times. The actual tripping time shall be recorded in each test. A
single failure of any of these tests is considered a failure of the entire test sequence.

A.3 Test procedure to verify nonislanding
Once the fixed frequency and voltage limits have been verified, test to determine that the inverter cannot
maintain stable operation without the presence of a utility source. A utility source means any source capable
of maintaining an island within the recommended voltage and frequency windows. An engine generator with
voltage and frequency control and with no anti-islanding protection is considered a utility source for the purpose of this test. However, because of the uncertainty associated with the need to sink both real and reactive
power from the inverter, this test may be performed most conveniently with a utility connection, rather than
a simulated utility. This test is best conducted with voltage and frequency near the middle of their operating
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ranges. Voltage should be at least 3% inside the most restrictive voltage trip limits. Frequency should be at
least 0.25 Hz inside the most restrictive frequency trip limits. (Frequency and voltage variation is not
required for this testing.)
Measurement
Point
Utility
Disconnect
Switch

S2

S1

Utility
R

L

Inverter

C

Figure A.1—Nonislanding inverter test circuit

This test procedure is based on having the quality factor Q of the islanded circuit (including load and generator) set equal to 2.5. The definitions in 3.6 and 3.7 imply how this should be done. Note from 3.6 that
Q = (1/P) P qL × P qC
Note also that, in the resonant case
PqL = PqC = Pq
Therefore, in the resonant case,
Q = Pq/P.
These formulas apply to the unity-power-factor inverter.

A.3.1 Test procedure background
This test procedure is designed to be universally applicable to both unity-power-factor inverters and
nonunity-power-factor inverters. With unity-power-factor inverters, the second step, where Pq-inverter is
measured, will result in a value of Pq-inverter that is zero, simplifying the remainder of the procedure. For
inverters where Pq-inverter is not zero, the test is complicated by the presence of reactive power in the inverter.
Harmonic currents that flow between the utility, the capacitor, and the inverter, further complicates the
situation by making it appear that current is flowing when the 60 Hz component of current has been zeroed.
Thus, it is important, when adjusting inductive and capacitive reactance, to use instruments that can
distinguish the 60 Hz component of current and power from other frequencies.
The sequence of the steps below is recommended for several reasons. The inductance is measured first
because that measurement is low in harmonics. The capacitance is added second so that the voltage is stable
when the resistance is added. The resistive parallel load is then added and adjusted. This resistance will be in
addition to the resistance that will be part of the inductive load.
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