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An American National Standard 

IEEE Recommended Practice for 
Utility Interconnection of 

Small Wind Energy Conversion Systems 

1. Purpose 

The purpose of this recommended practice is 
to provide a small wind energy conversion sys- 
tem (SWECS) user, owner, or installer with in- 
terface guidelines and operating procedures 
necessary to connect and operate a SWECS in 
parallel with an electric utility system. 

- 

2. Scope 

This recommended practice contains applica- 
tion guidelines and procedures for the intercon- 
nection and compatible operation of a SWECS 
with electric utilities. It addresses the interface 
between the wind system and the utility and the 
factors relating to equipment protection, power 
quality, and the safety of operating personnel 
and the general public. 

3. Definitions 

interconnection point. Unless otherwise spec- 
ified, this point is at the utility’s mete&). It is 
at this point that the electrical parameters (volt- 
age, current, frequency, power factor and har- 
monics) are measured. 

SWECS. For the purposes of this recommended 
practice, a SWECS is a wind energy conversion 
system, with a generating capacity of 100 kW 

h 

or less, a rated voltage of 600 V or less, and 
interconnected with a utility. 

utility. An electric service organization such as 
an investor-owned, privately owned, rural elec- 
tric cooperative, or government-owned electric 
system to which the SWECS is interconnected. 

4. Installation and Operation 
Guidelines 

4.1 SWECS Specifications. The SWECS 
owner / user is responsible for obtaining one-line 
diagrams, operation and maintenance manuals, 
and electrical system characteristics from the 
manufacturer. This information is essential to 
the utility to understand how the characteristics 
of the SWECS will affect the operation of the 
utility with respect to safety, reliability, and 
power quality. 

4.1.1 Each SWECS owner / user requesting in- 
terconnection should provide the interconnect- 
ing electric utility and other governing 
authorities with the following information: 

(1) A one-line diagram (see Fig 1) 
(2) Type of generator and number of phases 
(3) Type of inverter (if applicable) and number 

of phases 
(4) A description of any electrical protective 

systems supplied or incorporated in the controls 
of the SWECS, such as overcurrent, over/un- 
dervoltage, and over / underfrequency. This 
should also include the setpoints and timing of 
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Fig 1 
Typical One Line Diagram 

(Showing Various Types of Generators) 

the protective functions, if factory set, and the (c) Rated current 

I 
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GENE RATOR 

range of adjustment, if field adjustable. 

including, but not limited to 

(d) Maximum available short-circuit current 
(e) Maximum inrush current (that is, locked (5) A table of SWECS electrical characteristics 

rotor current), magnitude and duration (a) Rated and maximum output, kVA 

_- 

-- 

A 

(b) Rated voltage (f) Rated frequency 
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(g) Reactive power requirements (power fac- 
tor) at no load (zero output) and at 25%, 50%, 
75%, and 100% of rated power output 

(h) Amount of power factor correction ca- 
pacitors, kvar 

(i) Voltage / current harmonic characteris- 
tics a t  25%, 50%, 75%, and 100% of rated power 
output 

This information is useful in determining pos- 
sible effects on the utility system, protection re- 
quirements, and possible restrictions. As 
multiples of a particular model are installed on 
a utility system, some standard data may not be 
required by the utility; however, site-specific in- 
formation will continue to be necessary. 

( 6 )  The following information may also be re- 
quested by the interconnecting utility. 

(a) Generator impedances (subtransient 
( x " d ) ,  transient ( x ' d ) ,  and synchronous ( x d )  di- 
rect axis impedances for synchronous machines) 

(b) Generator electrical time constants 
4.1.2 The owner / installer is responsible for 

providing site-specific information and drawings 
indicating the physical location of the SWECS 
and of the lockable disconnect device (see 4.3.2). 

- 

- 
4.2 Utility Outages. Since utility line configu- 
rations and impedances cover a very broad 
range, reliable, cost-effective and enforceable 
methods for preventing the SWECS system from 
energizing the utility line will require proper 
design engineering and testing by the manufac- 
turer, and review of field-operating experience 
by the manufacturer and the utility. 

The interconnection and protection require- 
ments that may be required to ensure reliable 
deenergization or disconnection from the utility 
during utility outages can vary with location, 
different utilities, utility systems, and SWECS 
characteristics. The ability of SWECS to self- 
excite or energize the utility line is a function 
of the characteristics of the SWECS electrical 
system, the equipment protection and safety pro- 
tection devices installed, and the electric utility 
line impedance characteristic. 

The ability of an interconnected SWECS to de- 
energize or disconnect from the electric utility 
service after a utility outage is probably the most 
important SWECS electrical system character- 
istic. This characteristic directly affects the 
safety of utility maintenance personnel, the 
safety of the SWECS owner, protection of utility 
equipment, protection of paralleled connected 

r--. 

loads, and protection of the SWECS electrical 
system. 

Though a number of careful investigations 
have been conducted, conflicting opinions exist 
concerning how different types of intercon- 
nected SWECS (that is, those using synchronous 
generators, induction generators, or inverters) 
will react after a utility outage occurs. There is 
no consensus of opinion nor has there been suf- 
ficient field experience to provide a basis for 
specific recommendations that will ensure 100% 
reliable de-energization or disconnection of a 
SWECS during a utility outage. For the most 
part, the uncertainty and differences of opinion 
are related to the reactions that may occur when 
a number of SWECS are concentrated in a small 
area of an electric utility system. 

4.2.1 The interconnected SWECS may be re- 
quired to provide a means to prevent energizing 
or attempting to energize a de-energized utility 
line. 

4.2.2 The SWECS system should be deener- 
gized or disconnected from the utility system in 
less than one second upon Occurrence of sus- 
tained abnormal voltage or frequency. Abnor- 
mal voltage is defined as voltage outside the 
operating range permitted at the interconnec- 
tion point by the local utility regulatory au- 
thority. Abnormal frequency is defined as 
frequency less than 59.0 Hz or greater than 
61.0 Hz. Utility technical considerations may 
require tighter tolerances. 

Sustained overvoltages may cause utility or 
customer equipment failure in much less than 
one second. If the characteristics of the SWECS 
and the utility system are such that high over- 
voltages may occur, overvoltage protection with 
no intentional time delay may be required. 

4.2.3 The SWECS electric system should have 
start-up controls that provide safe operation for 
personnel and equipment under normal oper- 
ating conditions and upon resumption of service 
following a utility interruption. Loss of syn- 
chronism due to momentary outages could 
potentially damage SWECS generators. Syn- 
chronism controls or delayed restart operation 
of the SWECS should be considered to protect 
the equipment from damage. 
4.3 Disconnect Requirements 

4.3.1. For safety, each interconnected SWECS 
owner/user may be required to bear the cost of 
installing a visible-break disconnect, as shown 
in Fig 1, that is accessible to utility personnel 
at all times and capable of being locked in the 
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open position. Location of this visible-break dis- 
connect is subject to prior approval by the util- 
ity. The purpose of this disconnect is to satisfy 
utility safety rules that require utility personnel 
to work between visible open breaks. 

4.3.2 Depending on size, the SWECS instal- 
lation may also be required to contain a discon- 
nect device capable of operating under load, such 
as a shunt trip circuit breaker or contactor, 
which will permit the utility to disconnect the 
SWECS from the electric supply system. It may 
also be permissible to use the visible break safety 
disconnect as the load disconnect device if rated 
for switching under load conditions. 

4.3.3 The owner/user may be required to dis- 
connect or allow disconnection of the generator 
from the utility system if, for any reason, the 
utility determines that the continuation of the 
SWECS interconnection is, or may be, detri- 
mental to the safety or operation of the utility 
system. This may include opening the disconnect 
device(s) with or without prior notice to the 
SWECS owner for any of the following reasons. 
(1) Utility system emergency 
(2) When inspection of the SWECS intercon- 

nection equipment and protection devices re- 
veals a hazardous condition or lack of 
maintenance 
(3) When abnormal sectionalizing must take 

place on the utility system 

5. Installation Approval 

5.1 Utility Review. The potential SWECS 
owner / user is encouraged to contact the utility 
as early as possible prior to purchasing a 
SWECS. The utility can then determine the in- 
terconnection requirements and cost estimates 
before the SWECS owner proceeds. Supplying 
the information itemized in 4.1.1 will help the 
utility to determine if the proposed equipment 
poses any safety problems or jeopardizes the 
quality of service to other utility customers. The 
utility should also provide the various metering 
options available and discuss the rates available. 

Review of the requested information provided 
to the utility is not to be construed as an ap- 

proval of the performance, reliability, or quality 
of the proposed SWECS installation. Compliance 
with local-, state-, and federal-agency require- 
ments, and the construction, operation, and 
maintenance of the generating facility are the 
responsibilities of the SWECS owner / installer. 

5.1.1 The utility should review the information 
provided by the SWECS owner/user to ensure 
that the proposed installation conforms to 4.2 
and 4.3 and other utility requirements, consid- 
ering the characteristics of the utility system. 

5.1.2 If the utility finds that the proposed 
SWECS installation does not meet all of its re- 
quirements, it may require the installation of 
additional protective measures. These may in- 
clude, but are not limited to 
(1) Over and undervoltage relays 
(2) Over and underfrequency relays 
(3) Overcurrent relays 
( 4 ) Overpower relays 
( 5 )  Synchronism checking relays 
( 6 )  A dedicated transformer serving the 

SWECS owner 
(7) An electrically operated disconnecting de- 

vice such as a shunt-trip circuit breaker or a 
contactor 

5.1.3 The utility should review the existing 
service connection provided to the SWECS to 
determine if sufficient capacity exists for both 
steady-state and starting conditions. 

5.2 Public Authority Review. Prior to initial 
operation of the interconnected SWECS, written 
approval by the authorized inspection agency 
that the installation conforms to national safety 
codes and local codes must be obtained by the 
SWECS owner. 

The utility will only be responsible for in- 
specting and accepting those items specified in 
the interconnection requirements. These may 
include protection and control devices, circuit 
breaker controls, instrumentation, and com- 
munications equipment. 

5.3 Review of Modifications. The initial ap- 
proval and interconnection requirements of an 
interconnected SWECS is based on the infor- 
mation in Section 4. Proposed modifications to 
the installation affecting the electric system 
must be brought to the attention of the utility 
and the appropriate regulatory authority or au- 
thorities. Written approval should be obtained 
prior to making any changes. 

-. 
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6. Power Quality 

The quality of power is governed by estab- 
lished practices that cover voltage, flicker, fre- 
quency, power factor, and harmonics. Deviation 
from these practices represents out-of-bounds 
conditions and may require disconnection of the 
SWECS from the utility. Abnormal voltage and 
frequency conditions are covered in 4.2 of this 
recommended practice. 

6.1 Service Voltage. The utility service voltage 
and the SWECS voltage should be maintained 
within local utility regulatory authority limits. 

6.2 Flicker. The operation of the SWECS should 
not cause excessive voltage flicker on the utility. 
Since national consensus standards are not pres- 
ently available concerning voltage flicker, allow- 
able flicker limits are generally established by 
individual utilities. 

6.3 Frequency. Basic electrical principles dic- 
tate that the frequency of the SWECS match the 
utility frequency so that the two systems can 
operate in synchronism. 

6.4 Harmonics. "he operation of the SWECS 
should not cause excessive distortion of the util- 
ity voltage waveform or result in excessive in- 
jection of harmonic currents into the utility 
distribution system. Since national consensus 
standards are not presently available concern- 
ing voltage and current harmonic distortion, al- 
lowable limits are generally established by 
individual utilities. 

- 

6.5 Power Factor. Power-factor correction may 
be required to compensate for the reactive char- 
acteristics of SWECS. Technical, economic, util- 
ity, or regulatory considerations may govern the 
implementation of power-factor correction. 
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