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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessar-
ily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE that have
expressed an- interest in participating in the development of the
standard.

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. Every IEEE Standard
is subjected to review at least every five years for revision or reaffir-
mation. When a document is more than five years old and has not
been reaffirmed, it is reasonable to conclude that its contents, al-
though 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.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE,
Suggestions for changes in documents should be in the form of a pro-
posed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate re-
sponses. Since IEEE Standards represent a consensus of all con-
cerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to pro-
vide an instant response to interpretation requests except in those
cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption
may involve patents on articles, materials, or processes. Such adop-
tion does not assume any liability to any patent owner, nor does it
assume any obligation whatever to parties adopting the standards
documents.
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Foreword

(This Foreword is not a part of IEEE Std 1109-1990 IEEE Guide for the Interconnection of User-Owned Substations to
Electric Utilities.)

This guide provides a “checklist” and selected guidance, for persons not normally practicing in
this specialized field, on topics that should be considered when developing the interconnection of
user-owned and electrlc-utlhty-owned electric power facilities, partlcularly substations. This
guide is concerned with large substations for purchased-power-only service and also with substa-
tions of all sizes associated with the interconnection of user-owned generating (interactive power,
dispersed power, cogeneration, or small-power-producer) facilities.

This guide is concerned with generation (interactive electrical system) interconnections of all
magnitudes to the degree that the substation facilities are affected. However, it is not within the
scope of this guide to discuss in detail the considerable implications of interactive power systems
design and operations, since these are covered in other documents.

A listing of code and standard agencies relevant to substatlon design is included in the

Appendix.

This guide was prepared by Working Group D-6 of the Distribution Substations Subcommittee of
the IEEE Power Engineering Society Substations Committee. The followmg persons were mem-
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IEEE Guide for the Interconnection of
User-Owned Substations to Electric Utilities

1L Introduction and Scope

This guide presents a “checklist” of major
technical design areas that should be consid-
ered when interconnecting user-owned and
utility-owned facilities at substations.
Guidance is presented in selected areas of
particular importance.

This guide principally provides guidance
for the interconnection of user-owned substa-
tions, In this regard only medium- and high-
voltage purchased-power interconnections are
addressed, since low-voltage (and some
medium-voltage) interconnections for typical
residential, commercial, and small indus-
trial energy purchase are adequately covered
by existing electric utility practices and
standards.

Historically, most utilities with a signifi-
cant industrial base load have established
technical guidelines for large purchasers of
electric energy when the user's demand man-
dates the construction of a medium- or high-
voltage substation having a capacity greater
than 500 kVA and connected to a three-phase
power interconnection with a voltage greater
than 15 kV. These substation and interconnec-
tion facilities were usually for the user pur-
chase of electric power only. The presence of a
user's own in-house generation facility was
uncommon enough to be handled on a case-by-
case basis.

The advent of the Public Utilities Regulatory
Policies Act (PURPA) of 1978, as well as other
public laws, has precipitated the development
of numerous new electric power generating
facilities that are necessarily interconnected
to established electric utilities. It is common
for these “dispersed” facilities to be fostered by
entrepreneurial organizations that may or
may not be cognizant of the complexities asso-

13:36: 12

ciated with connecting to and interacting with
a large electric system by means of a dedi-
cated substation facility, such as is addressed
by this document. Therefore, this guide does
address in general the interconnection of in-
teractive (dispersed generation, cogeneration,
and small-power producer) facilities of all
sizes with electric utilities, to the degree that
the interconnection substation design is af-
fected. However, the subject of interactive
power systems is addressed in greater detail
in the publications of other agencies or
committees.

It is not the intent of this guide to present de-
tailed design criteria or directions. And it is
beyond the scope of this document to discuss
commercial or contractual issues, which are
covered by other existing industry codes, stan-
dards, and practices. Also, detailed discus-
sions of the design and operation of interactive
power systems (cogeneration, dispersed power,
small power producers; and user-owned gen-
eration) are not included, since it would be be-
yond the scope of this document and since these
topics are covered by other existing or forth-
coming documents.

A listing of related code and standard agen-
cies is included as an appendix to aid the users
of this guide in finding other codes and stan-
dards applicable to the design, operation, and
equipment selection of proposed interconnec-
tion substations.

2. Definitions and References

2.1 Definitions

cogeneration. The generation of electric en-
ergy and commercial or industrial quality
heat or steam from a single facility.
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dispersed power. An electric power generation
source (or sources) not directly under estab-
lished electric utility ownership and control.

electrical system. The existing utility net-
work consisting of interconnected and syn-
chronized generation, transmission, and
distribution facilities.

generation. The production or storage, or both,
of electric energy with the intent of enabling
practical use of commercial sale of the avail-
able energy. This includes photovoltaic, wind-
farm, hydro, etc., as well as normal
commercial and industrial thermal sources.

interactive electrical systems. Two or more
interconnected and compatible electrical sys-
tems with appropriate protection and measur-
ing provisions at their interconnection
point(s).

interconnection. The physical plant and
equipment required to facilitate the transfer of
electric energy between two or more entities. It
can consist of a substation and an associated
transmission line and communications fa-
cilities or only a simple electric power feeder.

small-power producer. A non-utility genera-
tion source that is a qualifying small-power
production facility under PURPA and the Fed-
eral Energy Regulatory Commission (FERC).

user (or customer). The independent party that
may be a purchaser of utility electric power or
a producer of electric energy for sale to an
electric utility or both,

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

[1] ANSI C2-1990, National Electrical Safety
Code.!

1ANSI publications are available from the Sales
Department, American National Standards Institute, 1430
Broadway, New York, NY 10018, USA.

13:36: 12

IEEE
Std 1109-1990

[2] ANSI (C84.1-1989, Voltage Ratings for
Electric Power Systems and Equipment
(60 Hz).

[3] IEEE Std C37.1-1987, IEEE Standard
Definition, Specification, and Analysis of
Systems Systems Used for Supervisory
Control, Data Acquisition, and Automatic
Control (ANSI).2

[4] IEEE Std C37.2-1987, IEEE Standard
Electrical Power System Device Function
Numbers (ANSI).

[5] IEEE Std C37.122-1983, IEEE Standard Gas-
Insulated Substations (ANSI).

[6] IEEE Std 80-1986, IEEE Guide for Safety in
AC Substation Grounding (ANSI).

[7] IEEE Std 81-1983, IEEE Guide for
Measuring Earth Resistivity, Ground Impe-
dance, and Earth Surface Potentials of a
Ground System (ANSI).

[8] IEEE Std 525-1987, IEEE Guide for the
Design and Installation of Cable Systems in
Substations (ANSI).

[9]1 IEEE Std 605-1987, IEEE Guide for Design of
Substation Rigid-Bus Structures (ANSI).

[10] IEEE Std 979-1984, IEEE Guide for
Substation Fire Protection (ANSI).

[11] IEEE Std 980-1987, IEEE Guide for
Containment and Control of Oil Spills in
Substations (ANSI).

[12] IEEE P998 (Draft), Guide for Direct Light-
ing Stroke Shielding of Substations.?

[13] IEEE Std 1001-1988, IEEE Guide for
Interfacing Dispersed Storage and Generation
Facilities With Electric Utility Systems
(ANSI).

2[EEE publications are available from the Institute of
Electrical and Electronics Engineers, Service Center, 445
Hoes Lane, Piscataway, NJ 08855-1331, USA.

3This draft document is currently in production; when
it is completed, approved, and published, it will become a
part of the references of this guide.
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"IEEE
Std 11091990
[14] IEEE Std 1119-1988, IEEE Guide for Fence

Safety Clearances in Electric-Supply Stations
(ANSI).

[15] IEEE P1127 (Draft), Guide for the Design,
Construction, and Operation of Safe and
Reliable Substations for Environmental
Acceptance.t

[161 NFPA 70-1990, National Electrical Code
(ANSI),5

3. System Interconnection Considerations

Whether a proposed interconnection is for
an interactive (i.e., including user-owned
generation) or purchased-energy-only facil-
ity, the following significant design factors
should be considered for the high-voltage
electric power interface. Care should be taken
to ensure that each party of the interconnection
uses a comparable basis for ratings (i.e., tem-
perature rise) and the same formulas for cal-
culations (e.g., transformer loss-of-life or
no-loss-of-life for overloading) to avoid waste-
ful overbuilding on the one hand or potentially
destructive overloading on the other.

3.1 Voltage, Voltage Range, Frequency, and
Frequency Range. Interconnection facility
ratings should be selected to operate satisfacto-
rily with the utility’s nominal and normal op-
erating voltage and frequency. Further, the
design of the interconnection facility should
consider the anticipated minimum and max-
imum voltage ranges below and above nomi-
nal, respectively. Typical permissible voltage
ranges are up to ¥5% of nominal voltage and
can be higher. It is particularly important to
determine the impact of starting large motors
and other major equipment under low-voltage
conditions. Standard nominal system volt-
ages and voltage ranges can be found in ANSI
C84.1-1987 [2]6. The nominal operating fre-
quency in the United States is 60 Hz., Under
normal conditions, the instantaneous oper-
ating frequency may range from 59.970 to

4See footnote 3.

5NFPA publications are available from Publications
Sales, National Fire Protection Association, Battery-
march Park, Quincy, MA 02269, USA.

5The numbers in brackets correspond to those of the
references in 2.2. -

IEEE GUIDE FOR THE INTERCONNECTION OF USER-OWNED

60.030 Hz. For interconnected utility opera-
tion, frequency is usually discussed, mea-
sured, and displayed with -a resolution of
0.001 Hz. In other parts of the world, other
nominal operating frequencies (for example,
50 Hz) and other ranges of instantaneous
operating frequency may be used.

3.2 Phase Rotation and Phase Position. The
phase designation (A, B, C; 1, 2, 3; ete.) should
be consistent and the phase sequence should be
coordinated, particularly for user-owned gen-
erating facilities, as discussed elsewhere. The
phase position must be known if the user facil-
ity has interconnections to different utility
voltage levels or different utility locations that
may have a relative phase shift by virtue of
geography or differing system transformer
configurations. Accommodating different
phase positions is usually accomplished with
appropriate transformer connections or by
maintaining isolation of out-of-phase user fa-
cilities, either administratively or by perma-
nent lack of interconnection.

3.3 Fault Interrupting and Momentary
Ratings. Power generation and distribution
equipment directly connected to an electric
utility can be subjected to fault levels that are
largely a product of the utility system's char-
acteristics and the interconnection
impedance. Therefore, the user-owned facili-
ties must possess sufficient fault interrupting
and momentary withstand ratings to meet the
maximum expected utility system require-
ments, with appropriate margin for future
system growth. Large user-owned generators
and synchronous motors can also be another
source of fault current contributions to a utility
system, Conversely, for planned user-owned
generation systems, it is necessary to confirm
the utility system’s ability to accommodate the
additional fault interrupting and momentary
withstand requirements.

3.4 Continuous Ratings. The continuous rat-
ings of electrical power apparatus associated
with the interconnection should be sufficient to
accommodate the user's maximum load (or
generation) as well as contributions resulting
from system exchanges, such as power from
the utility system being transferred
(“wheeled”) through the user's facilities, as

13:36: 12
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SUBSTATIONS TO ELECTRIC UTILITIES

TO UTILITY .

CUSTOMER LOADS

~ IEEE
Std 11091990

INOR OUT (USER FLOW ONLY)

INTERCONNECTION
FACILITY

. CUSTOMER GENERATION

Fig1 -
Radial Servme (or Dedlcated Servme)

NOTE: The user-utility interface points indicated on the figures are shown only to compare alternate substations configu-
rations and do not necessanly mdlcate the specifie mterface pomt(s) that may be negotlated between a user and the local

utility.

can be the case if there is- more than,one point
of interconnection with the utility. The deter-
mination of whether or not there will be system
electric-energy exchanges depends on the type
of service and the configuration of the inter-
connection facility (i.e:, substation), as is dis-
cussed in other sectlons If .a system energy
exchange can be expected to be superimposed
on the specific user facility loads (or genera-
tion), the utility is the source of information
regarding the magmtude and condltlons of
this occurrence.’

3.5 Types of Service. The overall interconnec-
tion of a user-owned facility can be generally
classified as either radial (or dedicated) or
loop service,

Radial service con51sts of one or more lines
configured in a manner such that only: the
user's load (or generation) constitutes the total
loading of the interconnection line or lines. In
effect, it is a branch of the utility system, with
no power flow other than the user's load or
generation passing through the mterconnec-
tion facility (see Fig 1).

Loop service, however, cons1sts of two (or
more) lines configured in a manner that per-
mits utility system exchange power to flow
through the interconnection facility in addi-
tion to the user's load (or generation) contribu-
tions (see Fig 2).

13:36: 12
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Both r_adial and loop service substations can

be arranged in numerous (and similar) con-

figurations, as is dlscussed elsewhere in this
gulde : :

3.6 Load and Power-Factor Considerations.
The magmtude integrity, duration (load fac-
tor), and time-of-day availability of the user's
load (or generation) will normally be of great
commercial interest to both parties. In addi-
tion to the impact that the magnitude of real
power that is to be accommodated can have on
ratings and  configuration of facilities, the
demand for (or generation of) reactive power
may also warrant equivalent attentlon Any
large, purchased-power user may be expected

- to maintain the overall facility power factor at
-~ or above a level agreed between the local utility

and the user.

A penalty charge may be incurred by the
user for even a momentary deviation from the
specified power factor. It is not uncommon for
large industrial power users to include shunt

‘capacitors or synchronous motors or both in
their plants to offset the reactive power de-

mands resulting from the induction motor
load of the facility. Where capacitors are pre-
sent, however, consideration should be given
to the potential problems of electrical system
self-excitation of induction machines, reso-

I nenf ormati on Handl i ng Servi ces,
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Fig 2

Loop Service

nance, and waveform distortions in rectify-
ing equipment.

Conversely, user-owned generating facili-
ties may well be expected to produce reactive
power inherent within equipment capabilities
and make it available to the system, as is dis-
cussed further in 5.5. This is a capability that
cannot be achieved with induction generators.

4. Substation Configuration

Normally, some type of substation facility
will be necessary to provide for the termina-
tion of the utility interconnection line(s). This
substation usually contains the necessary
switching and protective devices as needed to
isolate and mitigate the effects of faults, to
synchronize system elements, and to permit
routine maintenance and switching. The
substation can also be the location for any re-
quired power transformers to match voltages.
Aesthetics should be considered where local
conditions require special attention (see IEEE
P1127 [15)).

4.1 Breaker Arrangement. Power circuit
breakers and their associated bypass and dis-
connecting switches, where present, usually
constitute the most significant active compo-
nents-of a substation. Breakers are used for
load switching, synchronizing, disconnecting

10

generation, and interrupting fault current.
The use of bypass switches, particularly on
main service breakers, is normally discour-
aged because of the loss of fault-protection co-
ordination during the period the bypass switch
is in service. (Using a transfer breaker and
transfer bus can avoid this concern).

The simplest breaker arrangement is a sin-
gle-series breaker in a simple radial ar-
rangement (see Fig 3). However, any scheme
requiring more than one connection element
each (i.e., line or load) for the utility or cus-
tomer, or requiring loop service, will necessi-
tate a more complex breaker arrangement.
Several of the most common alternatives are:
loop service (Fig 4), “H”-tie (Fig 5), ring bus
(Fig 6), main and transfer bus (Fig 7), breaker
and one half (Fig 8), and double breaker, dou-
ble bus (Fig 9).

The final selection of one particular breaker
arrangement (or a hybrid arrangement) de-
pends on an engineering analysis of reliabil-
ity and cost, both of which are functions of the
number of breakers per line and the number of
load or generation source(s). The arrange-
ment should be acceptable to both the user and
the utility.

Utilities may recommend a scheme that has
been demonstrated by past performance to be
appropriate for their service area. Figs 4, 5, 6,
and 7 would include most typical user-owned
installations. Fuses and circuit interrupters
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Radial Arrangement Loop Service Arrangement
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can sometimes be used in lieu of circuit break-
ers for protection and switching of circuits.
These devices are usually used only for low-
voltage or lower-medium-voltage (i.e., 15 kV
voltage class or less) applications. Further,
user-owned generation may include its own
dedicated generator breaker. Relaying of the

_generator breaker should be coordinated with

the substation protective relaying.

user and utility should agree on the connection

scheme for power and metering (instrument)

4.2 Power Transformer COnneétions. Both -

transformers (wye-delta, delta-wye, wye- wye,

zig-zig, autotransf‘ormer etc.), as well as

transformer capacity and voltage ratings. .

The selection (or absence) of wye-connected
system grounding sources -can have signifi-
cant implications on reliability, protective
relay selection, metering, fault levels, over-
voltage conditions, and equipment cost.

In typical present-day practice, high-voltage

utility connections are solidly wye-grounded;
plant medium-voltage systems are resistance

13
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wye-grounded; and low-voltage systems are
also “solidly wye- grounded There are excep-
tions to all of these.

When  choosing ‘transformer connections,

~ the phase shifts should be considered to ensure

proper synchronization of any interactive
power systems. Transformer design selection
will require analysis of the utility system and
local generator'characteristics (see Section 5).

4.3 watch and Bus Constructlon. Substation

‘switch and bus facilities can be open-air insu-

lated, or metal-enclosed SFg (sulfur hexafluo-
ride) gas-insulated, or another type of
construction. The conventional outdoor air-
insulated substation normally uses alu-

“minum cable or tubing for bus conductors be-

cause of economic advantages. (See IEEE Std
605-1987 [91.) Copper is sometimes encountered
in older stations or where corrosive environ-

‘mental conditions- preclude the use of alu-

minum. -Energized parts are supported by
poreelain, glass, polymer, or epoxy insulators
and are maintained at safe vertical and hori-
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zontal clearances, which are dictated by
industry or utility standards and code re-
quirements, such as ANSI C2-1990 [1] and
IEEE Std 1119-1988 [14]. Compact SFg gas-insu-
lated substations (GIS) are generally installed
where space is at a premium or contamination
is a factor. All energized parts are concentri-
cally placed in metallic enclosures that are at
ground potential. The spaces between the live
parts and the enclosures are filled with SFg
gas at an appropriate pressure to achieve the
desired dielectric strength. See IEEE Std
C37.122-1983 [5] for further information on
GIS.

Supporting structures for electrical equip-
ment are most commonly constructed of gal-
vanized steel. Other materials that can be used
are aluminum, concrete pedestals, weathered
steel, metalized steel, painted steel, and wood.

Metalclad switchgear is typically used for
medium-voltage outdoor distribution substa-
tion facilities operating at 15 kV or less and

14

occasionally for voltages greater than 15 kV,
up to 38 kV.

Particular attention should be paid to access
and removal of equipment, particularly trans-
formers. Also, transformers may require
consideration of sound attenuation, oil-fire
prevention, and oil-spill mitigation mea-
sures, particularly in residential or wetland
areas. IEEE Std 979-1984 [10] and IEEE Std
980-1987 [11] provide further guidance on fire
prevention and oil-spill containment,
respectively.

4.4 Interconnecting Lines Location and
Orientation. The location and orientation of
the substation facility should consider the di-
rection and ultimate destination of the over-
head or underground transmission lines
connecting to either the utility or the user's
facilities.

Provision should be made for appropriate
right-of-way widths, avoidance of structures

13:36: 12
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and other existing facilities, turning-tower
positioning, and conductor-phase transposi-
tions. The use of underground power cables is
a technically feasible but usually more expen-
sive alternative to overhead lines, particu-
larly for voltages above 38 kV.

4.5 Control Building. A substation usually in-.

cludes a building ot enclosed area to provide a
clean, dry indoor environment for needed re-
laying, metering, control, and communica-
tion equipment.

4.6 Future Expansion Consideration.
Provision should be included in any substa-
tion for future expansion as needed to accom-
modate additional utility interconnections,
additional user interconnections or loads, and
additional breaker or switching complexity.

5. Interactive Power (User-Owned
Generation) Considerations

The presence of user-owned generating fa-
cilities operating in parallel with a large
electric utility entails operational complexi-
ties that would not exist in the case of a pur-
chase-power-only user, as follows and as is
further discussed in IEEE Std 1001-1988 [13].

5.1 Synchronizing. A proper synchronizing
scheme consisting of necessary relays, indi-
cators, control facilities, and a properly rated
power circuit breaker should be provided for

each generator to be connected to an interac-

tive power system.

The synchronizing breaker(s) can be lo-
cated in a user substation facility or in the
power generating facility, depending on spe-
cific site conditions, load current magnitude,
electrical system configuration, and equip-
ment cost. The synchronizing breaker should
be relatively close to the generator it serves,
since there is a voltage drop limit for direct
(hard-wired) equipment control circuits. (See
Section 9 for a discussion of control and com-
munications options).

5.2 Startup/Auxiliary Power. Any generating

facility should provide for its normal plant (or -

station) auxiliary power requirements. These
loads can be supplied from the user's own load
buses or from the substation facility. If the

15
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generator is a unit-connected arrangement
(i.e., normal auxiliary loads provided from
the generator bus), an additional power source
is needed to supply the auxiliary loads when
the generator is off-line or not synchronized.
Further, an appropriate transfer scheme
should be provided to permit the transfer of
auxiliary load from startup to mormal source
and vice versa.

The phase relationship of these two sources
must be coordinated, especially if they origi-
nate at different voltage levels or if they in-
clude different voltage transformation
sequences. Voltage regulation will be a con-
sideration, since the generator(s) could be sup-
porting the system voltage during operation or
the generator auxiliary loads could be acting
as a major load during the startup mode.

5.3 Generator Grounding. The grounding of a
generator should be fully evaluated with re-

gard to its impact on the following:

(1) The maximum fault-current level to
which the generator will be subjected

(2) The presence of sufficient ground fault
current to permit detection and selective
isolation of the faulted generator without
subjecting other generators to unneces-
sary additional ground fault current

(3) The grounding of the balance of the aux-
iliary power distribution system or util-
ity system when the generator is
disconnected

(2) is of particular importance when multi-
ple generators are connected to a common bus.
The ideal grounding scheme for a larger gen-
erator provides for the generator neutral to be
grounded through a distribution transformer
with a secondary winding resistor. However,
this assumes that a wye- -delta (or delta-wye)
step-up transformer is provided for each gen-
erator power interconnection, which may not
always be the case. For multiple generators
connected to a single bus, resistance ground-
ing is typically used. Effective ground protec-
tion of the faulted generator can be provided
with low resistance grounding. However, re-
sistance grounding usually subjects equip-
ment to higher fault levels than distribution
transformer grounding.

5.4 Generator Characteristics. While it is un-
derstood that the gross output capability of the
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generator(s) is probably the most important
rating of interest to the owner, as well as to the
- utility, the specific generator electrical and
dynamic characteristics will also be of equal
importance to both parties and should not be
overlooked.

The generator owner will need to obtain spe-
cific generator electrical characteristics in
order to design the plant electrical distribution
system. Furthermore, the utility will usually
require significant dynamic data as well, in
order to ascertain the generator's overall im-
pact on system fault levels and stability. The
latter is particularly true for a large syn-
chronous generator.

Harmonic voltage generation between reac-
tive components within an operating system
can cause severe damage to equipment. The
design effort should address the matter as a
potential problem.

Any generator connected to an operating
electrical system becomes, during its syn-
chronous operation, functionally a part of that
system. .

5.5 Reactive Capability. As a corollary to the
usual understanding that a large power user is
expected to maintain the facility reactive
power demands (power factor) within certain
agreed limits, a utility may require each gen-
erator to be capable of providing reactive power
to the utility system in proportion to the unit
size and capability and within specified volt-
age limits for both generator(s) and system.
This is a point that should be established early,
since the reactive power contribution from a
facility, whether expressed as a gross power
factor at the generator, a net power factor at the
utility, or a desired voltage to be maintained at
the utility bus, may ultimately be reflected in
changes in the capability of the generator
(rotor, stator, or excitation system) or in the
increased heating of these components.

Additional reactive capability does not en-
tail any additional turbine (power) capability,
but is reflected in generator and excitation
system thermal capacity.

If a generator (or generators) is not capable
of meeting some reactive power (var) re-
quirement, shunt capacitors or static var com-
pensators or both may be required to
supplement the generator contribution. The lo-
cation of shunt capacitors on the utility or user
system should be reviewed to avoid self-excita-

16
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tion of the generator-capacitor network in the
event of sectionalization and isolation
(“islanding”) of the interactive systems. If ca-
pacitors are present, switching devices that are
transfer-tripped by the utility may be neces-
sary. This particularly applies to induction
generators. Any application of capacitors
should be done with a full understanding of
capacitor effects. .

A fundamental premise is that the utility is
responsible for providing reliable service in
accordance with applicable regulatory re-
quirements that should not be compromised by
user-owned operations. Conversely, user-
owned generation should not be subject to ex-
traordinary requirements.

5.6 Isolating Switch. The user and utility
should agree on the necessity of providing a
manually operated isolation switch(es) with a
visible break to isolate the generator(s) from
the interconnection. Switch location, accessi-
bility, and capability of being locked or tagged
open should also be established.

6. Substation Facilities Design

The prudent design of a user-owned substa-
tion should include the following significant
areas for consideration in the design criteria.

6.1 Grounding. A buried grounding grid of
bare cable, possibly including electrodes
(ground rods), is necessary for personnel
safety and to provide ground connecting points
for equipment. Normally, the substation
grounding grid design should conform to the
requirements of IEEE Std 80-1986 [6]. A
ground-resistance test should be required and
conducted in accordance with IEEE Std 81-1983
[7]. The grounding design criteria should be
coordinated with adjacent utilities, plants, or
other facilities to ensure that transfer poten-
tials will not present personnel hazards in
areas remote from an electrical event or will
not damage communications circuits between
the user-owned facilities and any remote
facilities.

The effect of a generation facility or substa-
tion grounding system on adjacent existing or
future cathodic protection systems (e.g.,
pipelines) needs careful study and, probably,
field testing.

13:36: 12
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6.2 Insulation Levels (BIL). For any givén :

electric power interconnection, the basic im-

pulse insulation level (BIL) (or switching in-

sulation level [SIL] for EHV voltage levels)
should be coordinated for power distribution
and transmission lines and equipment.
Industry references or the local utility are the
appropriate sources for existing insulation
levels, which are frequently different for
overhead line, insulated cable, and trans-
former insulation systems at the same voltage
level in the same region.

6.3 Clearances and Access. Appropriate nor-
mal and minimal electrical clearances from
energized parts above walkways, roads, and

railroads and in other special circumstances

are specified in ANSI C2-1990 [1] and IEEE Std
1119-1988 [14], local utility requirements, and
state and local codes and ordinances.
Overhead high-voltage lines can require sig-
nificant right-of-way area. The presence of
energized overhead conductors can affect
some potential uses of property located under
or adjacent to the conductors. The local utiiity
should be consulted to provide access require-
ments for maintenance, operation, and meter-
ing facilities. -

6.4 Lighting. Appropriate minimum lighting
levels for various circumstances of 1ndoor,
outdoor, and roadway areas are given in
NFPA 70-1990 [16] and ANSI C2-1990 [1], in
ANSI and IES standards, and in other indus-

try sources. Emergency lighting should be

provided in attended areas, in accordance
with local codes and regulations. -

6.5 Lightning (Surge) Protection. Lightning
(surge) protection for substation facilities

. should be designed for the isokeraunic level

(thunderstorm days per year) for the particu-
lar site location. The local utility may be the
best source of information on local lightning
frequency, outage records, and application of
particular lightning protection. methods

(shield wires, masts, arrays, arresters, higher -

BIL levels, reclosing, etc.) to-the local system.

See IEEE P998 [12] for further background on .

direct stroke lightning protection. For high-

voltage facilities, switching surges are an ad-

ditional design consideration. The need for
surge protection at generator, transformer,
and cable terminals should be considered.

13:36: 12
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6.6 Transmission (or Distribution) Line
Termination. High-voltage transmission
lines or medium-voltage distribution lines,
whether overhead or underground cable, w111
usually constitute the most significant physi-
cal interface between a user-owned substation
and the electric utility. Because of this, partic-

~ ular attention is needed to coordinate the inter-

facing span between the last utility tower and
the substation terminal structure for overhead

lines. For underground lines, the presence of
- existing underground utilities in the substa-

tion vicinity should be identified, which may
impact a new underground cable location or
rating. For both overhead and underground
lines, orientation of the substation in relation
to the utility and the user's lines should be ar-

- ranged to minimize line angles, turning tow-
~ ers, crossings, ete., all of which will impact on

the complexity and cost of the interconnection
transmission facilities.

6.7 Switching Equipment. The final selection
and arrangement of particular substation
switching devices is closely related to the sub-
station arrangement, discussed in Section 4.
For .interactive interconnections, either
power circuit breakers or circuit interrupters

- are required for power circuit switching and

fault interruption. The choice between these

- switching devices will depend on required

fault interruption capability, clearing and re-
closing requirements, ete, For purchase-
power-only interconnections, the sw1tch1ng
equipment may be power circuit breakers, cir-
cuit interrupters, or fuses. The choice between
these switching devices will depend on re-

" quired fault interruption capability and on
" clearing and reclosing requirements. In ad-

dition, the application of fuses should address
reduced reliability, increased outage time,
single-phasing, ferroresonance, etec.

Disconnect switches are capable of inter-
rupting line charging currents for short lines
and switching low-level transformer magne-
tizing currents, particularly when arcing
horns or quick-break (high-speed) interrupt-
ing devices are added to the switch. However,
they are normally used only to isolate power
switching apparatus, lines, and buses and are
not suitable for application as a principal
switching device.

Any further discussion of the numerous va-
rieties and applications of switching devices
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mentioned above is beyond the scope of this
guide.

6.8 Instrument Transformers. Instrument
transformers are devices that are needed to
produce a low-voltage reference potential or
current source as required for protective relay-
ing, synchronizing, metering, control, and
indication functions.

Potential sources can be oil-filled or dry-
type (epoxy or rubber insulated) wound voltage
transformers, capacitor voltage transformers
(CVTs), coupling capacitor potential devices,
(CCPDs) or bushing potential devices. Voltage
transformers are the most accurate sources of
potential and are usually needed for revenue
metering. Bushing potential devices, trans-
former or breaker mounted, are usually suit-
able only for indicating the presence of voltage
and are inadequate for critical relaying or
metering functions.

Current, sources can be separately mounted
oil-filled or dry-type (epoxy or rubber insu-
lated) current transformers or bushing cur-
rent transformers (BCTs). Again, separately
mounted current transformers are the most
accurate and are usually needed for revenue
metering. Bushing current transformers, both
transformer- and breaker-mounted, are suit-
able for the majority of relaying, control,
indication, and nonrevenue metering
functions.

6.9 Cable Systems. Cable systems required to
interconnect protective relaying, metering,
instrumentation, control, communications,
and low-voltage power equipment systems
should be in conformance with IEEE Std 525-
1987 [8] or local utility practice.

7. Protective Relaying

Protective relaying is necessary to detect
system disturbances and to initiate proper re-
sponse from power switching equipment.
Protective relaying also is necessary to moni-
tor synchronizing, load transfers, and out-of-
step operating conditions.

Protective relay application is probably the
most complex aspect of power systems design.
Successful design and operation needs inti-
mate coordination of utility and owner protec-
tive relaying facilities and philosophies.

18
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Relay and other devices usually are desig-
nated as outlined in IEEE Std C37.2-1987 [4] or
as specified by the local utility.

The following categories of protective relay-
ing application are typical.

7.1 Line Protection. Line protection relays
monitor the condition of a transmission line
and initiate isolation of the line if a fault is
detected. Lightning is frequently the principal
source of transmission and distribution line
faults. Trees, animals, and accidents are
other sources of faults.

7.2 Transformer Protection. Transformer
protection relays monitor the condition of a
power transformer and initiate its isolation in
the event abnormal conditions are detected
that can indicate overloading or an internal
fault. '

7.3 Bus Protection. Bus protection relays
monitor the integrity of a power bus to which
several lines, generators, etc. are connected.
Detection of a bus fault will initiate isolation
of the bus from all connected elements.

7.4 Synchronizing/Synchronism Check.
Synchronizing and synchronism check
relays are necessary to verify the phase rela-
tionship of interactive power systems or gen-
erators before permitting the interconnection
of two energized (interactive) systems., An
automatic synchronizing device may be used
to control the speed and voltage of a generator
and initiate connection to the system.

7.5 Reclosing and Transfer Tripping.
Reclosing relays are employed with power cir-
cuit breakers to permit the rapid restoration of
service to a transmission line that has been
isolated due to the detection of a transient fault
condition. Automatic reclosing is appropriate
to support continuity of service and to main-
tain stability of the interconnected system.
The concept of rapid reclosing is based on the
transient nature of most line faults, particu-
larly those caused by lightning. Particular
care should be used in applying reclosing to
generator interconnections. An automatic re-
closing scheme should be approved by and
coordinated with the electric utility. Automatic
reclosing is generally not applied to under-
ground (cable) lines. Transfer-trip relaying
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is frequently employed to isolate a generator
from a faulted line so as to prevent damage
due to reclosing out of synchronism.

7.6 Load Shedding and “Islanding”. Load
shedding is necessary when available gener-
ation in a defined system, such as a large in-
dustrial or cogeneration plant, should
suddenly become insufficient to meet the con-
nected load with the system. Such action would
serve to preserve essential loads in operation.
Such a condition could be brought about by loss
of in-plant generation or loss of a user-utility
interconnection tie line that is importing
power at the time of failure. The decay of on-
line generator(s) frequency can be measured
to initiate the sequential removal of selected,
low-priority plant loads with the ultimate pur-
pose of maintaining service to essential loads
that in-plant generation is capable of supply-
ing. The complete isolation of independent
generating systems results in “islands” of
load and generation, which are individually
less reliable and more sensitive to disturbance
than the interconnected interactive system.
This islanding condition also raises safety
concerns and may necessitate transfer-trip-
ping of additional switching devices to com-
pletely isolate the systems. Reconnection of the
isolated systems to a larger, stable system can
also be difficult. '

7.7 Generator Protection. Specifically de-
signed relaying is required to monitor the
condition of the numerous mechanical and
electrical functions of a turbine generator or
any other type of generating machine.
Because of the significant capital investment
inherent in any generating unit, sensitivity
and speed of response are necessary to detect
abnormal conditions. This permits isolating
and repair before a catastrophic failure can
occur, with its consequent financial and
safety implications.

7.8 Relaying Interfaces and Interlocks.
Protective relaying systems can be intercon-
nected with other electrical control and meter-
ing systems and may be interconnected with
mechanical process systems. Interlocks estab-
lish permissive or restrained systems of op-
eration that are necessary to ensure the safety
of operation and the protection of the
investment.

IEEE
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8. Metering and Instrumentation

The following types of metering could be ex-
pected to be provided as part of any user-owned
facility interconnected to an electric utility.

8.1 Revenue Metering. This is a very signifi-
cant interconnection parameter for user-pur-
chased power and for sale of user-generated
electric energy. The revenue parameter(s) to
be metered will depend on the specific inter-
connection agreement and could include
kWh, kvarh, kW, kvar, kVA, and power fac-
tor, in almost any combination. Since bidirec-
tional real and reactive power flow may be
possible, detented (in and out) metering is fre-
quently necessary. Also, time-of-day pricing
may be included in the specific rate structure,
tariff, or contract.

Revenue metering requires the most accu-
rate metering equipment available. This
includes calibrated and certified metering ac-
curacy current and voltage transformers,
transducers, recording devices, and instru-
ments. Most utilities usually have well-de-
fined requirements for the configuration, type,
and location of revenue metering equipment.
Revenue metering is normally located in ar-
eas that are accessible to the utility representa-
tives, although it is not unreasonable to request
a cumulative reading to be duplicated at a
user-maintained area in order to be monitored
by the customer or owner. A communications
line is needed if remote access of the metering
data is necessary (i.e., for dispatching or load
research).

8.2 Indicating Instruments and Status.
Indicating instruments are provided to dis-
play the presence and magnitude of parame-
ters on specific lines, buses, and equipment.
Parameters that could be expected to be mea-
sured are voltage, current, kW, kvar, kWh,
power factor, kVA, and kvarh. The normal lo-
cation for such an indication would be at a
substation control house, generator control
room, -or other accessible area.

The choice of indicating instruments is
very site-, user-, and utility-specific in that
instruments are used to support operations and
maintenance functions. Indicating instru-
ments as implied here would be located in the
geographic vicinity of the user-owned facility.
Indicating instruments also include the dis-
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crete (open-closed-trip) status display of
equipment such as power circuit breakers,
electrically-operated load interrupters, and
disconnecting switches.

8.3 Telemetering. Telemetering is the trans-
mission of analog or digital parameters to a
remote location. Telemetering is closely asso-
ciated with supervisory control, which is dis-
cussed further in 9.2. The parameters that can
be telemetered to a remote location are the
same as those for local metering, status, and
indication.

The remote location that would likely be the
destination for telemetered data would be a
utility dispatch center or a user's remote con-
trol/monitoring facility. Telemetering of data
can be accomplished over wire circuits for
short distances. For long-distance telemeter-
ing, dedicated communications lines, carrier
equipment, radio transmission, microwave
facilities, or fiber optics circuitry is needed.

9, Control and Communications

Control facilities are needed to provide the
human interface for the operation of installed
equipment. Communications media of vari-
ous types are used to permit the transmission
and reception of control initiation signals, as
well as for data transmission (see 8.3). Utility
companies may need remote metering, moni-
toring, and control capabilities of large, dis-
persed user-owned generating facilities in
order to satisfy overall system safety and op-
eration needs.

9.1 Local Control. Local control is usually ac-
complished by a direct electrical, mechanical,
pneumatic, or hydraulic device and is initi-
ated immediately at the equipment or at some
control facility within sight or walking dis-
tance of the equipment. It is the least sophisti-
cated (and most reliable) control mode.
“Remote Control” is an extension of local
control, which implies a greater distance be-
tween the controlled device and the initiating
signal, but this control can utilize the same
communication medium as for local control
and, in fact, can differ only by degree of prox-
imity to the controlled device. Remote control
is particularly applicable to unattended loca-
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tions, which is the usual case for substations,
switchyards, or switching stations.

9.2 Supervisory Control, Supervisory control,
also generically referred to as SCADA
(Supervisory Control and Data Acquisition)
systems, represents the long-distance control
and data transmission methodology for dis-
tances much greater than that capable with di-
rect local or remote control. As opposed to
hard-wired direct local or remote control,
which utilizes a dedicated wire pair or similar
dedicated communication medium for each
control or data signal, supervisory control
usually utilizes multiplex technology to super-
impose multiple signals on a single commu-
nication channel. This system uses an RTU
(Remote Terminal Unit) at each terminal to
collect, process, and transmit the appropriate
multiple input and output signals. Supervisory
control is generally needed for a utility inter-
connection that includes remote utility control
of selected customer-owned equipment, such
as high-voltage power circuit breakers.
Additional information is given in IEEE Std
C37.1-1987 [31.

9.3 Remote Dispatch. Remote dispatch is
merely local control of equipment in accor-
dance with the verbal instructions received
from a remote central control location, such as
a utility central power dispatch center. Remote
dispatch can reasonably be expected to be con-
sidered as part of the operations functions of
any generator connected to an operating util-
ity system. A voice communication channel,
either dial-up or dedicated, is the normal dis-
patch coordination medium.

9.4 Communications. Various communica-
tions media may be considered for the differ-
ent control functions, as follows.

(1) Metallic Hardwire—Suitable only for
relatively short distances (up to several
hundred feet) for control/relaying/
metering functions.

(2) Telephone—For voice, SCADA and se-
lected relaying functions (not guaran-
teed for continuous integrity if a normal
line).

(3) Power Line Carrier—For voice or
SCADA functions (also suitable for re-
laying functions). Maintaining con-
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tinuous integrity during line faults can
be a problem.

(4) Leased Telephone Channel—For voice

- or SCADA functions (also for relaying
functions). May be more reliable than a
normal telephone hne) ,

(5) Microwave—For voice, SCADA and re-
laying functions (expensive except for
handling many signals at great dis-
tances; political and environmental
considerations may also be necessary).

(6) Fiber Optics—For voice, SCADA, and
relaying functions (optlon to a leased
telephone line). :

(7) Radio—For voice communications
(backup to other systems and for limited
switching operations).

Redundant communications links should
be considered for any essential function or for
installations with significant customer-
owned generation. Reliable voice communi-

cation is essential between generator operators

and the utility, particularly durmg system
emergencxes

9.5 Communication Circuit Protection. The
reliability of the communication circuit

should be considered to ensure the integrity of

the circuit under adverse conditions or to min-
imize the likelihood of circuit interruption.
Communication circuits should be supervised
continuously and checked periodically to en-
sure their continued integrity.

Events that could cause circuit interruption
can be: digging of buried cables, lightning,

insulation failure of conductors or devices due -
to transient potential rise, circulating

currents, - vandalism, and equipment
maintenance. ) ‘

10. Maintenance and Operation

In addition to the design coordination nec-

- essary-to realize the phys1ca1 and electrical

interfaces between the user's facilities and the
utility, it is necessary to coordinate normal
life-of-plant maintenance and operation
functions. The details of such coordination
are usually outlined in an operational agree-
ment to which all parties are obligated.
Particular items that are likely to be covered
by an operational agreement are as follows.

13:36: 12
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10.1 Coordination of SW1tchmg. For personnel
safety and in order to avoid disruption of user
and utility service or equipment damage or
both. : .

10.2 Tagging, Lockout, and Grounding.
Clearly defined procedures for isolating and
grounding of equipment and circuits as
needed for utility, user, and contractor main-
tenance functlons

,10.3 Personnel Safety and Training.
“Minimum level of training needed for opera-

tions, maintenance, ‘and - construction
personnel.

10.4 Access. Provision for both user and utility
ingress and egress in all weather conditions
at any time of day. '

10.5 Testlng From time to time, customer or

utility equlpment may have to be removed

from service. Such’ equlpment may have
failed, may have to be maintained, or may
have to be tested. Circuit breakers require pe-
riodic preventive maintenance. Oil-filled de-
vices are often DobleT™ tested for their power
factor or dissipation factor. Instrument trans-
formers used for metering may have to be
tested for accuracy. Therefore, current trans-
formers may have to have bypasses and dis-
connects installed. :

The station owner should be aware of these
temporary and scheduled equipment outages

- and should factor them into the planned opera-

tion of the station and the generator(s).

10.6 Emergency Conditions. The user and

~utility should agree on any special control re-

quirements for the generating facility during
periods of defined utility system emergency
condition operation. Administrative instruc-
tions should be made avallable to the user's op-
eratmg personnel.

11 Administrative Items

The following admmlstratlve items, among
others, should be considered for equipment
and facilities that mterface with both the user

- and utility facﬂltles

I nenf ormati on Handl i ng Servi ces,
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(1) Drawings and Data—A schedule should
be prepared for submission and review
of appropriate drawings and data by all
parties during the user-facility inter-
connection design phase and utility or
user system modification activities.

(2) Color Codes—For cable, wiring, race-
way, signs, etc.

(3) Nameplates—For major equipment.

(4) Equipment Numbers—For operations
and maintenance coordination.

(6) Signs—To indicate ownership limits
and for safety.

IEEE 1109 90 EE 4805702 0049950 T N

Std 1109-1990 IEEE GUIDE FOR THE INTERCONNECTION OF USER-OWNED

(6) Local Building Codes Compliance

(7) Access of Utility Employees to the User’s
Substation

(8) Insurance and Liability

12. Contractual Documents

This guide is only a basis for specific dis-
cussions and agreements. It is understood that
specific user-utility financial, operating, de-
sign, and other issues would be outlined in
formal contracts, operating agreements, and
other documents.

®
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Appendix

(This Appendix is not a part of IEEE Std 1109-1 990, IEEE Guide for the Interconnection of User-Owned Substations to

Electric Utilities, but is included for information only.)

Related Code and Standard Agencies
' (and area of applicability)

American Concrete Institute (ACI)
P.O. Box 19150, Redford Station
Detroit, MI 48219

Concrete Design

Association of Edison Illuminating
Companies (AEIC)

51 East 42nd Street

New York, NY 10017

HYV Cable Systems

American Institute of Steel Construction
(AISC)

Three Gateway Center Suite 2350

Pittsburgh, PA 15222

Steel Application

American National Standards Institute
(ANSI)

1430 Broadway

New York, NY 10018

Application and Design Standards

American Society of Mechanical Engineers
(ASME)

345 East 47th Street

New York, NY 10017

Mechanical Equipment

American Society of Testing and Materials
(ASTM)

1916 Race Street

Philadelphia, PA 19103

Components

Building Officials and Code Administrators
International (BOCA)

4051 W. Flossmoor Road

Country Club Hills, IL. 60477

Building Codes

Electrical Apparatus Service Association
(EASA)
1331 Baur Boulevard

13:36: 12

St. Louis, MO 63132
Electrical Testing and Maintenance

Edison Electric Institute (EEI)
1111 19th Street, N.W.

Washington, D.C. 20036
Handbook for Electricity Metering

Factory Mutual System Engineering and
Research Association(FMERO)

1151 Boston-Providence Turnpike
Norwood, MA 02062

Insurance Requirements

Insulated Cable Engineers Association
(ICEA) -

P.O. Box P

South Yarmouth, MA 02664

Cable Application

Institute of Electrical and Electronics
Engineers (IEEE)

445 Hoes Lane

Piscataway, NJ 08855

Electrical Systems and Equipment
Application, National Electrical Safety Code

Hluminating Engineering Society of North
American (IESNA)

345 East 47th Street

New York, NY 10017

Lighting :

Instrument Society of America (ISA)
67 Alexander Drive

P.O. Box 12277

Research Triangle Park, NC 27709
Instruments

National Electrical Manufacturers
Association (NEMA)

2102 L Street, N.-W.

Washington, D.C. 20037

Electrical Equipment Design

COPYRI GHT 2000 Institute of Electrical and El ectronics Engineers, Intnformation Handling Services, 20(
August 29, 2000




IEEE 1109 90 WA 480570c oo49952 3 M

IEEE

Std 11091990 .

National Fire Protection Association (NFPA) Southern Building Code Congress,
Batterymarch Park International (SBCCI) .
Quincy, MA 02269 900 Montclair Road

Fire Protection Requirements, National Birmingham, AL 35213

Electrical Code Building Codes

Prestressed Concrete Institute (PCI) Steel Structures Painting Council (SSPC)

201 North Wells Street 4400 Fifth Avenue

Chicago, IL. 60606 Pittsburgh, PA 15213

Concrete Structures Surface Protection and Coatings

COPYRI GHT 2000 Institute of Electrical and El ectronics Engi neers, |ntnf i i i
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Guidance from the Experts
at IEEE Seminars

IEEE Power Engineering Seminars

The IEEE sponsors seminars on the Color Books and other power engineering standards
throughout the year.

Our seminars include:

+Human Factors Engineering at Nuclear Plants

sLarge Lead Storage Batteries for Generating Stations and Substations

+Protection of Co-Generation Plants Paralleled with Utility Transmission Systems

*Health Care Facilities Power Systems

+Planning, Design, Protection, Maintenance, and Operation of Industrial and Commercial Power
Systems

Electric Power Supply Systems for Nuclear Power Generating Stations

Special team discounts are available. IEEE-sponsored seminars may also be

brought to your plant. For details, write to the IEEE Standards Seminar Manager,
445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331 USA. Or call us Toll
Free at 1-800-678-IEEE and ask for Standards Seminars and Training Programs.

ISBN 1-56937-041-6
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