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DISTRIBUTED GENERATION INTERCONNECTIONS:
PROTECTION, MONITORING, AND CONTROL OPPORTUNITIES

By
Donald L. Hornak, Basler Electric Company
N. H. "Joe" Chau, Florida Power and Light Company

INTRODUCTION

Paralleling a Distributed Generation Supply to an Electric Power System (EPS) involves
protection, monitoring and control of the interconnection for the mutual benefit of both
parties to the Interconnection. Standards exist that cover the various practices for the types
of distributed energy technologies, sizes, and configurations of the interconnection. Appen-
dix | is a list of these standards and codes.

Ten-point action plan for reducing barriers to distributed generation

A. Reduce technical barriers
(1) Adopt uniform technical standards for interconnecting distributed power
to the grid.
(2) Adopt testing and certification procedures for interconnection equipment.
(3) Accelerate development of distributed power control technology and
systems.
B. Reduce business practice barriers
(4) Adopt standard commercial practices for any required utility review of
interconnection.
(5) Establish standard business terms for interconnection agreements.
(6) Develop tools for utilities to assess the value and impact of distributed
power at any point on the grid.
C. Reduce regulatory barriers
(7) Develop new regulatory principles compatible with distributed power
choices in both competitive and utility markets.
(8) Adopt regulatory tariffs and utility incentives to fit the new distributed
power model.
(9) Establish expedited dispute resolution processes for distributed
generation project proposals.
(10) Define the conditions necessary for a right to interconnect.

Standards are under development that cover the various practices for the types of distrib-
uted energy technologies, sizes, and configurations of the interconnection The blackouts
and shortfalls in central power station capacity since 1996 in California, lllinois, New York,
and other regions brings the Distributed Generation (DG) solution to the forefront. The
production of electrical energy from a customer’s site has significant economic effects on
the transmission and distribution systems of the electric utility provider. Small drop-and-run
power plants such as microturbines, fuel cells, solar, wind, reciprocating engines, and gas
turbines can provide substantial additional power to meet the provider’s peak loads. The
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hurdles to DG continue to be the resolution of important policy issues including intercon-
nection interfaces, standby charges, stranded costs, siting and permitting for the DG.

The main technical interconnection question today is how to interface DG energy resources
with existing electric power systems in a reliable, safe, and cost-effective manner. Figure 1
illustrates the complexity and the interaction between DG and the interconnected electric

power system. The four areas are as follows:

1. Isolated, no grid source
2. Isolated with automatic transfer
3. Grid interconnection, no power export
4. Grid interconnection, bi-directional power flow
Interface Complexity vs. Interaction
S Grid
T Interconnection
Bidirectional Power
N Flow
‘ Grid
Interconnection
No Power Export
_a.
8
Q
g Isolated -
o with automatic transfer

Limited > Significant
Interaction between DG and Utility

Figure 1: Complexity and interaction between
DG and interconnected electric power system

Figure 2 is a typical single line diagram of an interconnection. The major power apparatus
is shown. Figure 3 lays out the complexity of five different configurations of interconnec-
tions, relating the type of interconnection with the least complex to the most complex.
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Figure 2: Typical interconnection one-line diagram

The interconnection concerns from the electric utility point of view, as illustrated by recent
surveys, include the reliability of the existing grid, the safety of electric power system per-
sonnel, and quality control. The key to achieving a working implementation of DG will be
the introduction of universal technical standards that permit standardized grid interconnec-
tion while maintaining power system stability and worker safety. In the winter of 1999, the
Institute of Electrical and Electronic Engineers (IEEE) began devising a universal intercon-
nection standard, currently called IEEE P1547. Its purpose is to set forth a uniform standard
for interconnection of distributed resources 10 Mva or smaller with electric power systems.
The requirements relevant to performance, operation, testing, safety, and maintenance of
the interconnection are also included in the emerging standard. This document is presently
scheduled for the IEEE Standards Board review in early 2002. The states of California,
Texas, New York, and others have set forth their own interconnection requirements that
presently are being implemented.



CONFIGURATION
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Figure 3: Five different interconnection configurations
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Figure 4 is a schematic of the interconnection system illustrating the approach taken in the
development of the IEEE P1547 Draft standard for the interconnection system between a
DG and a Wires Owner's Electric Power Systems.

e i -
) o | |
: : Interconnection System o
. o
| !
_ Wires
DG Unit e P1547 Draft Std for Owner
Electric Interconnecting DG Electric
Power with Wires Owner Power
System System

Figure 4: Schematic of Interconnection system
TYPICAL DG INTERCONNECTION REQUIREMENTS

PURPOSE

A typical interconnection standard for DG establishes the criteria and requirements for the
interconnection of distributed resources with distribution systems. It may conform to the
emerging IEEE P1547 interconnection Standard, now a work in progress and close to
completion. Specifically this document describes the design and testing requirements of
generator interconnection to the electric utility distribution system. The requirements estab-
lished in this document cover a broad spectrum of interests. The addition of a distributed
resource to the distribution system may change the system and its response. Attaining a
technically sound and robust interconnection among distributed resources and the distri-
bution system mandates diligence on the part of everyone involved in the inter-
connection,including designers, manufacturers, users, owners, and operators of both
electric power systems as part of the interconnection requirements. This requirement
needs to be understood cooperatively among the aforementioned groups and met.

LIMITATIONS

The criteria and requirements are applicable to all distributed resource technologies and to
the primary and secondary voltages of the electric Power systems. Installation of DGs on
the radial primary and secondary electric power systems is the main emphasis of the IEEE.
The requirements may be met at the Point of Common Coupling (PCC), although the loca-
tion of protective devices may not be at the PCC.



Figure 5 illustrates the relationship of the interconnection system terms for the purpose of
this typical DG interconnection requirements.

WIRES OWNER ELECTRIC POWER SYSTEM

DG Electric
| Power System : Power System

DG Electric Power System

_pcc | _pce | _pce
i | B N I I |
| | . [DR| ! " [ DR |
 |Load| | ! ) ! | _ Load |
: ! v Unit | | LUnit !

NOTE: Dashed lines are electric power system boundaries. There can be any number of customer/DG
electric power systems.

Figure 5: Relationship of interconnection terms

DEFINITIONS

Distributed Generation (DG)—Electric generation facilities connected to a Distribution
System through the Point of Common Coupling. Distributed Generation is a subset of
Distributed Resources.

Distributed Resources (DR)—Sources of real electric power that are not directly connected
to the bulk power system. It includes both generators and energy storage technologies.

Distribution System—Any facilities that allow electric power to be delivered to a load re-
gardless of ownership.

Island—A condition in which a portion of the Wires Owner’s system is energized by one or
more power producer generators through their PCC(s) while electrically separated from the
rest of the Wires Owner system.

Parallel (Operation)—With the Wire Owner will be used to refer to any electrical condition
between the Wire Owner and the Power Producer’s generation equipment.

Point of Common Coupling (PCC)—Will be used to refer to the point where the electrical
facilities or conductors of the Wires Owner are connected to the Power Producer’s facilities
or conductors, and where any transfer of electric power between the Power Producer and
the Wire Owner takes place.

Power Producer—Will be used to refer to anyone interconnected to the Wires Owner Sys-
tem for the purpose of generating power.

Stabilized—Will be used to refer to the Wires Owner’s distribution system returning to a
normal range of voltage and frequency for 5 minutes or a time coordinated with the Wires
Owner, following a disturbance.
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Target (Operation Indicator)—A supplementary device operated either mechanically or
electrically to visibly indicate that a relay or device has operated or completed its function.

Telemetering—Transmission of measurable quantities using telecommunications tech-
niques.

Visible-break Disconnect—A disconnect switch or circuit breaker by means of which the
generator and all protective devices and control apparatus can be simultaneously discon-
nected entirely under full load from circuits supplied by the generator. The switch or
breaker shall be provided with the means for adequate visible inspection of all contacts in
the open position, and the blades or moving contacts shall be connected to the generator
side.

Wires—The Host Utility’s distribution system below 25kV to which the generation equip-
ment is interconnected.

Wires Owner—The Host Utility owning the Utility System.

GENERAL INTERCONNECTION REQUIREMENTS

When a customer desires to establish a parallel interconnection with the utility, there are
formal procedures to follow that will ensure a sound technical basis for the proposed
interconnection asset. These technical and application procedures are summarized in the
following table.

1. Planning for the interconnection asset

2. Designing the interconnection asset

3. Constructing the interconnection asset according to the planning and design
drawings agreed to during the application phase of the project.

4. Verification testing and commissioning testing of the completed construction phase.

5. Initial operation of the parallel interconnection, operations training, and recording

the performance of the interconnection system.
6. Operation and maintenance of the interconnection asset for the life of the asset.

Any customer may operate 60 Hertz, three phase or single phase generating equipment in
parallel with an electric utility system in accordance with the utility’s interconnection and
operating agreement, provided the equipment of the customer meets or exceeds the
requirements of the utility.

DISTRIBUTION SYSTEM OPERATING REQUIREMENTS

System Frequency

The electric power system of the Wires Owner operates at 60 Hertz (Hz) Alternating Current
(AC). Frequency deviations are typically 59.7 Hz to 60.2 Hz for small contingencies that
cause modest disturbances. For large contingencies, variations of 58 Hz to 61 Hz or

7



greater can occur. These variations can be experienced, for example, if the utility has
become islanded, with insufficient generation capacity to supply the load.

Voltage Regulation
IEEE/ANSI/CSA/IEC standards covering Preferred Voltage Levels for AC Systems 0 to
50,000V provides general guidance for appropriate performance.

Power Quality

All interconnected equipment must comply with the Wires Owner’s standards for power
quality. The following industry standards may provide guidance for appropriate perfor-
mance. Harmonics: |IEEE Std. 519-1992 IEEE Recommended Practices for Harmonic
Control in Electrical Power Systems is the Wires Owner’s guide for the connection of non-
linear load. Flicker: either the latest IEC or IEEE standard for short term and long term on
flicker measurement shall be applied.

Voltage Unbalance

Distribution Facilities are typically three phase systems incorporating single phase distri-
bution taps. The voltage unbalance on the Wires Owner distribution system under normal
operating conditions may reach 3%, due to the unbalanced loading and single phase
regulation. Voltage unbalance will be calculated using:

Unbalance (%) = 100 x (deviation from average) / (average as derived from NEMA MG1-
1993 14.35.

Fault Levels

Fault levels and maximum allowable fault levels vary significantly through a distribution
system and must be considered in design of the interconnection. Fault levels and X/R
ratios must be evaluated for the equipment selected.

System Grounding

Distribution facilities are typically operated as effectively (solidly) grounded and Wye-
connected at the source substation bus. Other configurations are occasionally found.
Distribution Facility must conform to the local jurisdiction

Fault and Line Clearing

To maintain the reliability of the distribution system, the electric utility uses automatic
breaker reclosing. The Power Producer needs to take line-reclosing into consideration
when designing the generator protection and interconnection protection schemes. This is
to ensure that the generator is disconnected from the Wires Owner's system prior to the
automatic reclose of breakers. The customer may reconnect when the Wires Owner's sys-
tem voltage and frequency has returned to the normal operating range.
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Clearing faults is dependant on the Power Producer's and the Wires Owner's capability of
producing significant fault current to properly operate tripping schemes. System fault
studies before the interconnection and after the interconnection will provide the designers
with the necessary information to design the appropriate interconnection protective
scheme.

For example, if the Wires Owner's distribution system is designed to support a 10Mva peak
load and the Power Producer's generator is 100Kw, the fault contribution of the Power
Producer's generator is small compared to the Wires Owner's fault current at the Point of
Common Coupling.

However, if the Power Producer's generator is 1 to 10 Mva, then the fault contribution may
be significant, resulting in more sophisticated protective schemes like Transfer Tripping
over communication channels.

The emerging standards refer to this technical requirement as "Stiffness Ratio" and "Contri-
bution Ratio". A calculation method is provided for guidance in evaluating this condition.

GENERATING FACILITY

Mitigation of Adverse Effects

Adding a generating facility can adversely affect the electric service to existing or future
electric customers. The Power Producer shall work with the Wires Owner to mitigate any
adverse affects.

Synchronism
Any generating facility that can create a voltage while separated from the electric system
must have synchronization facilities to allow its connection to/or with the electric system.

Inverter-type voltage-following equipment that cannot generate a voltage while separated
from the electric system does not require synchronization facilities, nor do induction gen-
erators that act as motors during start-up, drawing power from the electric system before
they generate power.

The generating facility has the responsibility to synchronize and maintain synchronization
to the Wires Owner system. The Wires Owner cannot synchronize to a generating facility. A
proposed synchronizing scheme must be submitted and outlined in the operating agree-
ment and attachments.

Distribution and transmission facilities typically allow for automatic reclosing of electrical
circuits after a variable time delay. The Power Producer is responsible for protecting its own
facility from the impacts of such reclosing.

Generators with a total capacity of less than 100kW can automatically restart following
automatic reclosing of distribution facility electrical equipment as agreed to with the Wires
Owner. Generators that automatically restart must have time delay on restart in the range of
1-60 minutes. The Wires Owner will coordinate the settings of generator restart time delays
so that generators on any feeder restart in staggered order.



Voltage Regulation and Power Factor

The Power Producer is responsible for ensuring that the voltage levels at the point of inter-
connection are maintained within the guidelines prescribed by the Wires Owner and/or at
least equal to the voltage levels, during feeder peak load conditions, prior to the intercon-
nection.

Synchronous generators connected to the distribution system must be equipped with
excitation controllers capable of controlling voltage. The generator-bus voltage set point
must be stable at and adjustable to any value between 95% and 105% so that the Wires
Owner can maintain IEEE/ANSI/CSA/IEC voltage limits on their system.

Induction generators do not have voltage or reactive power control and consume reactive
power (VAR) from the Wire Owner's system. In this case, the Power Producer must provide
reactive compensation to correct the power factor to +£0.90 and/or higher at the intercon-
nection point, unless other terms are negotiated with the Wire's Owner.

Inverter-type generating equipment can control its power factor over a wide range, typically
at = 0.75 power factor when connected to the grid. An inverter-type generator connected to
the distribution facility must be capable of maintaining its power factor in the range of
+0.90. The Power Producer may operate outside that range by agreement with the Wires
Owner.

The Wire's Owner may wish to define voltage and reactive power control requirements on a
project-by-project basis. Together, the Power Producer and the Wires Owner will identify
the exact equipment requirements to allow the best voltage regulation.

Frequency Control

An interconnected generating facility must remain synchronously connected for frequency
excursions as identified in this guideline and the table below. For generators connected to
the electric power system , islanded operation requires speed governing equipment
capable of controlling frequency between 59.7 Hz to 60.2 Hz for normal operation.

The frequency of the electric system is controlled by all synchronous generator governor
systems that connect to the electric system. Such governor systems respond automatically
to changes in system frequency to prevent further deviation. Synchronous generators and
other generators with stand-alone capability and capacity of 10MW or more must have a
speed droop governor.

The droop setting of the governor is recommended to be 5%, and the governor system
must be operated at all times so that it is free to respond to system frequency changes. If a
5% setting is not possible, the Power Producer can request acceptance from the Regional
Transmission Administrator for some other droop setting.

In accordance with the Regional Transmission Administrator and the National Electrical
Reliability Council for the generator’s reliability region, the power producer must provide
for frequency protection within the guidelines required.

As an example, one Regional Reliability Council has published the following requirements
for off-frequency operation. Generators connected to the grid should have relay protection
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that accommodates, as a minimum, under-frequency (81U) and over-frequency (810) for
the following specified time frames:

Under-frequency Limit Over-frequency Limit Minimum Time
60.0 - 59.5 Hz 60.0 - 60.5 Hz Normal Operation
59.5-58.5 Hz 60.5-61.5Hz 3 minutes
58.5-59.7 Hz 61.5-61.7 Hz 30 seconds
57.9-57.4Hz 7.5 seconds

57.4 - 56.9 Hz 45 cycles

56.9 - 56.5 Hz 7.2 cycles

less than 56.4 Hz greater than 61.7 Hz Instantaneous trip

Systems with generators that do not meet the above requirements must automatically trip
load to match the anticipated generation loss, at comparable frequency levels.

Voltage Unbalance
Any three-phase generating facility must have phase-to-phase voltage unbalance not
exceeding 1%, as measured both with no load and with balanced three phase loading.

Voltage unbalance will be calculated using:
Unbalance (5) = 100 x [(deviation from average) / ( average)]
As derived from NEMA MG1 . 1993 14.35.

Single phase generators must not adversely unbalance the three phase system. When they
are connected in multiple units an equal amount of generation capacity must be applied to
each phase of the three phase circuit, and the group of generators must maintain balance
when one unit trips or begins generating before or after the others.

A single one-phase generator may be connected alone if it does not cause voltage unbal-
ance on the distribution system in excess of 2%.

Resonance and Self-Excitation of Induction Generators

Resonance should be considered in the design of the generating facility, as certain reso-
nances can cause damage to existing electrical equipment, including the electrical equip-
ment of the Generating Customer. Engineering analysis by the Generating Customer
should be a part of the design process to evaluate the existence of and to eliminate the
harmful effects of:

a) ferro-resonance in a transformer

b) Sub-synchronous resonance due to the presence of series capacitor banks
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c) Resonance with other customers' equipment due to the addition of shunt capacitor
banks to the distribution system.

In the event that an induction generator is used by the generating customer, the adverse
effects of self-excitation of the induction generator during island conditions should be
assessed and mitigated. The intent is to detect a self-excited condition.

The engineering analysis of resonance and the assessment of the effect of self-excitation of
induction generators should be coordinated with the Wires Owner for its recommendations.

Safety

Safety of personnel, the public, and of equipment is of primary concern in the design of the
interconnection. The electric utility will provide guidelines for meeting the needs of person-
nel safety. In general, the primary concern is for disconnection of the DG in the event the
connection to the network has been lost at any point on the utility system.

Point of Common Coupling (PCC)

The Point of Common Coupling will be identified in the design and on the single line
diagram. The Wires Owner will coordinate design, construction, maintenance, and opera-
tion of the facilities on the distribution side of the point of common coupling. The Power
Producer is responsible for the design, construction, maintenance, and operation of the
facilities on the generation side of the point of common coupling.

The Power Producer is deemed responsible for paying any incremental costs to the trans-
mission and distribution systems caused by the generator. The Wires Owner will carry out
the engineering, design, and construction required for its system, and charge these costs
back to the Power Producer. Ongoing O & M costs required on the distribution feeder side
will be recovered by the Wires Owner.

Point of Disconnection

The disconnect switch can be on the high or low voltage side of the interconnection trans-
former. When the interconnection involves three phase generators the disconnect switch
must be gang-operated to simultaneously isolate all three phases.

High Voltage Disconnect Switch—The disconnect switch on the Wires Owner side of the
connecting transformer (e.g. 25kV air break) will be installed, owned, and maintained by
the Wires Owner.

Low Voltage Disconnect Switch—A manual visible disconnect switch is required so that the
power system can be isolated in order to work on the facilities. Figures 5 and 6 show a
sample configuration. The Power Producer is responsible for the disconnect switch installa-
tion.

All low voltage disconnect switches shall:

. Be adequately rated to break the connected generation/load,
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. Be within 5 meters (horizontal) of the interconnection point or wires owner approved

location,
. Have contact operation verifiable by direct visible means,
. Be readily accessible to the Wires Owner operating personnel,
. Have provisions for being locked in the "open" position,
. Simultaneously disconnect all ungrounded conductors of the circuit,
. Be externally operable without exposing the operator to contact with live parts,
. Be capable of being closed with safety to the operator with a fault on the system,
. Be capable of being energized from both sides,
. Plainly indicate whether in the "Open" or "Closed" position,
o Be labeled with the Wires Owner switch number,
. Meet regional and local standards,
. Be installed to meet all applicable codes,
. Provide safe isolation for the Wires Owner’s personnel from generators and all

possible customer sources of power
. Be annually inspected and maintained.

The disconnect switch on the generation side of the interconnection transformer will be
owned and maintained by the Power Producer.

For a site that interconnects multiple generators, one disconnect switch must be capable of
simultaneously isolating all the generators. There may be other means of meeting this
requirement. The Wires Owner must approve any other means.

The Power Producer shall follow the Wires Owner switching, clearance, and tagging proce-
dures of which the Wires Owner shall instruct the Power Producer.

Phasing

Phasing is not standardized across distribution facilities. Therefore, the phase sequence
and the direction of rotation must be coordinated between the Wires Owner and the gen-
erator.

Interconnection Grounding
Grounding configurations shall be designed to provide:

. Solidly grounded distribution facilities,

. Suitable fault detection to isolate all sources of fault contribution, including the
generator, from a faulted line or distribution element
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. A circuit to block the transmission of harmonic currents and voltages
. Protection of the low voltage from high fault current damage.

The preferred configuration is a delta connection on the generator side of the transformer
and a grounded Wye configuration on the Wires Owner side of the transformer. If this con-
figuration is not possible, the configuration chosen still must address the above concerns.
The winding configuration for the distributed generator interconnection transformers should
be approved by the Wires Owner. Figure 6 illustrates the different combinations of intercon-
nect transformer connections along with problems and advantages of each connection.

\_im Utility
Distribution

Substation

Low High

relaying at A to respond  ground fault at F.
to a secondary ground
fault at F3.

I I
——————® Load i Voltage Voltage Problems Advantages i
1 (Sec Pri
Fi ! (Sec) ) Can supply the feeder ~ Provide no ground i
load ¢——M | ! < D circuit from an fault backfeed for !
! ungrounded source faultat F1and Fo . No
! }( D after substation ground current from
> Load L= breaker A trips, breaker A for a fault |
*Interconnect ! < Y causing overvoltage. atFg. i
'IC'ransformer | N
onnections | Provide an unwanted No ground current |
: \|§ ground current for from breaker A for :
F ! = | supply circuit faults at ~ faults atF3 . No !
3 ! overvoltage for ground |
| F1andFa. fault at Fq. i
I I
IPP | All feed !
v ! _}( \S ows source feeder No overvoltage for :
I = = I
l :
I I
! 1

Figure 6: Interconnection Transformer Connections

These requirements promote safe operation of the electric power system for both the utility
and its customers and for the owner of the DG equipment. Attention must be given also to
the protection of the Power Producer’s generating equipment. It is the responsibility of the
Power Producer to provide such protection. The Power Producer is responsible for protect-
ing the generating equipment in such a manner that utility system outages, short circuits or
other disturbances, including excessive zero sequence currents and ferro-resonant over-
voltages, do not damage the power producer’s generating equipment. The Power
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Producer’s protective equipment shall also prevent excessive or unnecessary tripping that
would affect the electric utility system reliability and power quality to other customers.

PROTECTION AND CONTROL REQUIREMENTS

Refer to Tables 1, 2, and Figures 6 and 7 for Summary Tables and Single Line Diagrams
showing typical interconnection requirements.

Control, Protection and Safety Equipment?
Single Phase connected to Secondary or Primary system

Generator Size
50kW or less

Interconnect Disconnect Device
Generator Disconnect Device
Overvoltage Trip

Undervoltage Trip
Over/Underfrequency Trip
Overcurrent

XX X X X X

Synchronizing Check’ Manual or Auto

Notes:

1. For synchronous and other types of generators with standalone capability.
2. Exporting to the host system may require additional operational/protection
devices and will require coordination of operations with the wire owner.

3. Switchgear standards for 50kW or less and less than 750 volts will be
relaxed to fixed-type breakers.

Table 1: Protective functions for single-phase generators

INTERCONNECTING ISOLATION DEVICE FAILURE (Breaker Failure)

A back-up isolation device should be used to disconnect the Power Producer's generation
and associated facility from the Wire Owner's electrical system in the event of a disturbance
occurring on the system and that the primary isolation device and/or its associated protec-
tive relaying system have failed to isolate the two power systems. The selection and loca-
tion of the back-up isolation devices will be based on the interconnection operating and
protective relaying equipment. The primary and the back-up interconnecting isolation
device may be a solid state switching device, an electrically operated contactor, or an
electrically operated circuit breaker. The "breaker failure" operating time shall be coordi-
nated with the reclosing operation and practice of the Wire Owner's Distribution/Transmis-
sion recloser/breaker. This will prevent the reclosing of the Wire Owner's voltage source
into and out of synchronism with the Power Producer's generator. In some cases, it may be
necessary to open both the primary and the back-up interconnecting isolating devices at
the same time when coordinating with the Wire Owner's reclosing devices.
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Control, Protection and Safety Equipment
Three Phase connected to Secondary or Primary system

_ Medium
Generator size classifications: i) LEIT)
Device 200kW-500kW
Number 10kW or less |11kW-200kW | 500kVA-1000kVA<600V |500-2,000kW [2001-10,000kW |12,500-50,000kVA
Interconnect Disconnect Device X X X X X X
Generator Disconnect Device X X X X X X
25 Synchronizing Check Y-manual/auto| Y-manual/auto Y-manual/auto Y-automatic Y-automatic Y-automatic
Qty.: Q) Q) () ) ) M
27 Undervoltage Trip Y Y Y Y Y Y
Qty: (3) (3) (3) (3) (3) (3)
32 Power direction/Reverse power Y Y Y X X
Qty: M Q) M Q) )
46 Negative Phase Seq Overcurrent X X X X
(Phase unbalance, rev ph seq) (1) (1) (1)
51V |Overcurrent, voltage restrained X X X X X X
(Opt: to prevent nuisance trips) Qty: (1) (1) (1) (3) (3) (3)
50/51 |Instantaneous/Timed O/current X X X X X X
Qty: (3) 3) 3) 3) 3) 3)
50N Instantaneous Neutral O/current X X X X
Qty: () ) ) M
51G |Ground Overvoltage Trip or X X X X
Ground Overcurrent Trip Qty: (1) (1) (1) (1)
TT Transfer Trip Y Y Y Y
(Based on Feeder Load)
Telemetry data communication Y Y Y Y
Auto Voltage Regulation X X
Qty: (1) (1)
59 Instantaneous Overvoltage Trip Y Y Y Y Y Y
(for ferroresonance conditions) Qty: (3) (3) (3) (3) (3) (3)
59T Overvoltage Trip Y Y Y Y Y Y
Qty: 3) 3) (3) 3) 3) 3)
60 Voltage Balance Relay X
M)
67/67N [Directional Overcurrent Y Y Y Y Y Y
Qty: 3) 3) (3) 3) 3) 3)
810, 81U |Over/Underfrequency Trip Y Y Y Y Y Y
Qty: 3) 3) (3) 3) 3) 3)
Anti-islanding for inverters Y Y Y Y Y Y
IEEE 929 AND UL 1741

for three phase synchronous generators

Ize

tors

10NS versus genera

: Protection functi

Table 2
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For export only: For synchronous generators and

Notes for Table 2:
1. For synchronous and other types of generators with standalone capability.
2. Only required on synchronous generators that are for on-site load only. If
NOT exporting and generator is less than minimum load of customer, or if
always exporting, then relay not required except as noted.
3. If exporting, frequency blocks under trip with agreement of Host Utility.
4. May be required as part of a transfer tripping/blocking protective scheme.
5. Exporting to the Wire Owner may require additional operational/protection
devices and will require coordination of operations with the Wire Owner.
6. Selection depends on grounding system, if required by Wire Owner.
7. Quantity shown in brackets below, e.g. (3).
8. Bold X is IEEE Std. 242 protection requirement.
9. Three Directional Overcurrent relays may be substituted for Reverse Power
relay.
10.  Transfer Trip required for synchronous machines.
11.  Above to be in accordance with Electrical Codes.
Oil or Electric
Circuit Recloser
Wires Owner
—3E—{ )
Sosu1rce iF 1F % Airbreak&
NOTES: _ Ly S8 il S | I i
Use one or other for simultaneous 3 phase A i @) a
switching. Simultaneous 3 phase switching is not 5 : -- - : i
required for non-export static power converters i 1f
or induction generators not susceptible to self- ; ) Vi
excitation. : CED S;:cr:; ;Qf& i :
Required only if ferroresonance is possible. i i
Required if 27 operating time is too slow for Visible Lokable ; i i
feeder faults. Switch Within 5M N e :
¥ | !

generator susceptible to self-excitation (induction
and static power converters).
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GENERATOR PROTECTION

The generation facility must be able to detect the following situations and isolate itself from
the distribution facility for:

- A short circuit between any phase(s) and ground,
- A short circuit between phase(s), and
Loss of any phase(s)

Overvoltage and Undervoltage Protection

The Power Producer will operate its generating equipment in such a manner that the volt-
age levels on the Utility System are in the same range as if the generating equipment were
not connected to the Utility system.

The Power Producer must install necessary relays to trip the circuit breaker when the volt-
age is outside predetermined limits. Undervoltage relays should be adjustable and
should have a settable time delay to prevent unnecessary tripping of the generator on
external faults. Overvoltage relays should be adjustable and may be instantaneous.

The Power Producer’s interconnection device shall cause the generator to cease to ener-
gize the Wires Owner’s distribution system within the Trip Times as indicated below. Trip
time is the time between the start of abnormal condition and the interconnection device
ceasing to energize the Wires Owner’s distribution system.

RESPONSE TO ABNORMAL VOLTAGES

RMS VOLTAGE LEVEL TRIP TIME

V< 60 (V< 50%) 10 CYCLES

60<V <106 (50%<\,88%) 120 CYCLES
106<V<132 (88%<V<110%) NORMAL OPERATION
132<V<144 (110%<V<120%) 60 CYCLES

144<V (120%<V) 10 CYCLES

The Power Producer may reconnect when the Utility System voltage and frequency return
to normal range and are stabilized (for a time period greater than 5 minutes).

Overfrequency and Underfrequency Protection
The Power Producer must install frequency selective relays to separate the generators from
the electric system in cases of extreme variations in frequency.

Under frequency and over frequency relaying that automatically disconnects generators
from the distribution system shall be time delayed in accordance with the Regional Trans-
mission Administrators requirements. The customer may reconnect when the Utility /
system voltage and frequency return to normal range and stabilized.

Unique and special interconnection requirements

Anti-Islanding

The Customer’s generator shall be equipped with protective hardware and software de-
signed to prevent the generator from being connected to a de-energized circuit owned by
the Wires Owner.
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In most cases, the generating facility will routinely operate as a part of the interconnected
system. A problem on the system could lead to the generator becoming islanded —i.e., the
sole Power Producer of power to one or more of the Wires Owner’s customers. In turn this
could lead to damages to those customers caused by irregularities in power quality. To
prevent this, the Power Producer must use teleprotection signals from the electric system or
other reliable means to separate the generator from the electric system upon islanding.

For situations where there could be a reasonable match between IPP generation and
islanded load, conventional methods may not be effective in detecting islanded operation.
In this event, the Wires Owner will require the addition of a transfer trip communications
facility to remotely trip off the IPP generation upon opening of the distribution feeder main
circuit breaker or circuit recloser.

Telemetering and Targeting

Where a generator could adversely affect the power system, for example by providing
inflow into a fault, the Power Producer must have systems in place to inform the Wires
Owner what protective operations occurred or failed to occur.

The Regional Transmission Administrator’'s Compliance Monitoring and Operating Prac-
tices Subcommittee requires distribution and transmission facilities owners and the System
Controller to provide telemetry of MW, MVAR, and breaker status of all significant genera-
tion. “Significant” is presently defined as capacity greater than 5MW, although in some
sensitive areas the Wires Owner may require telemetry or transfer trip for smaller genera-
tors. Refer to Table 2.

Special Interconnection Protection
In some cases it will be necessary to provide special generator —specific protection and
controls, such as out of step or loss of synchronism.

Unbalance Conditions

Additionally, the Power Producer needs to be aware that unbalance conditions can occur in
the distribution system, especially under system fault conditions, and the design of the
interconnection facilities should take this into account.

Transformer Protection

For Wye-Delta interconnection transformers, the unbalance fault current could damage the
generator interconnection transformer under certain fault conditions, as a result of the
circulating current that occurs in the delta winding of the interconnection transformer in an
attempt to balance the fault current. The design may, therefore, require protection for the
transformer to address this potential issue.

Generators Paralleling for 6 Cycles or Less (Closed Transition Switching)

Table 3 shows the protective functions required by this Guideline for generators 10 MW or
less that parallel with the Host Utility for 6 cycles or less. Figure 9 is a single line diagram of
the power and relaying circuit for soft loading and extended parallel opertion using Closed
Transition Transfer Switches (CTTS).
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Utility Service

Device
25C - Synchronism
27 - Undervoltage, 3

( 32 - Directional Power
40 - Loss of excitation Vars
46 - Negative sequence overcurrent
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67 - Directional Overcurrent
‘ ‘ ‘ ‘ 81 - Under/Overfrequency

*************

@@@ Numerical Protection
: @'@@ and Control Device

CTTS| @&, CTTS Numerical Protection
LOAD | § and Control Device

®@'  Numerical Protection
(oey and Control Device

IO

Figure 9: Power and relaying circuit for soft loading and extended parallel operation, using
Closed Transition Transfer Switches (CTTS).

Generators meeting this requirement shall apply for Parallel Operation, shall sign an Inter-
connection Agreement, shall sign an Operating Schedule, and shall otherwise meet the
requirements of this guideline.

Mitigation of Protection System Failure

Relays with self-diagnostic check features provide information on the integrity of the protec-
tion system and should be used whenever possible. The design of protection should be
done by a qualified engineer or competent technical person working with the Wires Owner
to ensure that this self-checking feature can be integrated into the overall protection system
for safe and reliable operation of the power system.

Dependent on the system and its design, where relays with this self-diagnostic feature do
not trip the appropiate breaker(s), sufficient redundant or backup protection should be
provided for the power system. The malfunctioning relay should also send a signal to notify
operating personnel to initiate investigation of the malfunction.

Older electromechanical relays and some solid state relays generally do not come with
self-diagnostic features.

In this case, design of protection and control systems generally should be of a fail-safe
nature to maintain the integrity of the protection system under protection system malfunc-
tion conditions.
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INTERCONNECTION PROTECTION APPROVAL REQUIREMENTS

The Power Producer shall provide to the Wires Owner complete documentation on the
proposed interconnection for review against the requirements of this Guideline and for
future impacts on the Wires Owner’s System.

The documentation should include:

- A completed application form

- An overall description on how the protection will function

- A detailed single line diagram

- The protection component details (manufacturer, model)

- The protection component settings (trigger levels, and time values)

- The disconnect switch details (manufacturer, model, and associated certification)

- A description of the operation of the Power Producer's generation and the facility load
distribution system that are connected to the Wire Owner's system.

The customer shall revise and resubmit the protection information for any proposed modifi-
cation.

CONSTRUCTION

The Power Producer’s generating facility shall be constructed and installed to meet all
applicable regulations. All permitting and safety codes compliance must be completed
and copies of inspection reports provided to the Wires Owner prior to energizing the Point
of Common Coupling.

All Single Line Diagrams provided to the Wires Owner shall be drawn in accordance with
IEEE standards and conventions and shall be stamped by a professional engineer assum-
ing responsibility for the design.

INSPECTION
The customer shall maintain a quality control and inspection program satisfactory to and
approved by the Wires Owner.

In addition to the Customer’s normal inspection procedures, the Wires Owner reserves the
right to witness the manufacturing, fabrication, or any part of the work that concerns the
subject equipment, to inspect materials, documents, and manufacturing operations and
installation procedures, to witness tests, and to evaluate results of nondestructive examina-
tions.

The Power Producer shall supply the Wires Owner with a complete set of detailed draw-
ings that will be used by the Wires Owner to assist in the inspection during testing of
equipment.

TESTING

General
The Power Producer shall notify the Wires Owner in writing at least 2 weeks before the
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initial energizing and start-up testing of the Power Producer’s generating equipment, and
the Wires Owner may witness the testing of any equipment and protective systems associ-
ated with the Interconnection.

This section is divided into type testing and verification testing. Type testing is per-
formed or witnessed once by an independent testing laboratory for a specific protection
package. Once a package meets the type test criteria described in this section, the design
is accepted by the Wires Owner. If any changes are made to the hardware, software, firm-
ware, or verification test procedures, the manufacturer must notify the independent testing
laboratory to determine what, if any, parts of the type testing must be repeated. Failure of
the manufacturer to notify the independent test laboratory of changes may result in with-
drawal of approval and disconnection of units installed since the change was made. Verifi-
cation testing is site specific, and periodic testing assures continued acceptable perfor-
mance.

These test procedures apply only to devices and packages associated with the protection
of the interface between the generating system and the Wires Owner facilities. Interface
protection is usually limited to voltage relays, frequency relays,synchronizing relays, re-
verse current or power relays, and anti-islanding schemes. Testing of relays or devices
associated specifically with protection and control of generating equipment is recom-
mended but not required, unless they impact the interface protection.

Testing of protection systems shall include procedures to functional test all protective
elements of the system up to and including tripping of the generator and/or interconnection
point. Testing will verify all protective set points and relay/breaker trip timing.

At the time of production, all interconnecting equipment and discrete relays shall meet or
exceed the requirements of ANSI/IEEE C62.41-1919 — Recommended Practice on Surge
Voltages in Low Voltage AC Power Circuits or C37.90.1-1989 IEEE Standard Surge With-

stand Capability (SWC) Tests for Protective Relays and Relay Systems.

If C62.41 —1991 is used, the surge types and parameters shall be applied as applicable to
the equipment’s intended insulation location.

The manufacturer’s verification test and appropiate dielectric test specified in UL 1741
shall also be met.

Type Testing
All interface equipment must include a type test procedure as part of the documentation.
The type test must determine if the protection settings meet these Guidelines.

Prior to testing, all batteries shall be disconnected or removed for a minimum of ten (10)
minutes. This test is to verify the system has a non-volatile memory and that the protection
settings are not lost. A test shall also be performed to determine that the failure of any
battery used to supply trip power will result in an automatic shutdown.

All inverters shall be non-islanding as defined by IEEE 929. Inverters shall, at the time of
production, meet or exceed the requirements of IEEE 929 and UL 1741.

Verification Testing
Prior to parallel operation of a generating system or any time interface hardware or soft-
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ware is changed, a verification test must be performed. A licensed professional engineer or
otherwise qualified individual must perform verification testing in accordance with the
manufacturer’s published test procedure. Qualified individuals include professional engi-
neers, factory trained and certified technicians, and licensed electricians with experience in
testing protective equipment. The Wires Owner reserves the right to witness verification
testing or require written certification that the testing was performed.

Verification testing shall be performed annually. All verification tests prescribed by the
manufacturer or developed by the Power Producer that are agreed to by the Wires Owner
shall be performed. The Power Producer shall maintain verification test reports for inspec-
tion by the Wires Owner.

Inverter generation operation shall be verified annually by operating the load disconnect
switch and verifying that the power producing facility automatically shuts down and does
not restart for 5 minutes after the switch is closed.

Any system that depends upon a battery for trip power shall be checked and logged once
per month for proper voltage. Once every four (4) years the battery must be either replaced
or a discharge test performed.

Switchgear and Metering
The Wires Owner reserves the right to witness the testing of installed switchgear and meter-

ing.
The Power Producer shall notify the Wires Owner at least 10 days prior to any testing.

DATA REQUIREMENTS
The following lists the drawings and data required for approval of the DG project.

Drawing/Data Proposal | Approval*| Verified
Manufacturer's Equipment Data Sheet X
Control schematic X X
Single Line Diagram indicating proposed X X X

protection settings
Description of Protection Scheme X X X
Generator Nameplate schedule X X
Fuse and protective relay coordination X X
study and settngs
Current transformer characteristic curve X X
Commissioning Report c/w Protection X
Settings
Plot plan showing location of lockable, X X X

"visible" disconnect device

* The minimum time requirement for review of information generally will be on
the order of 10 working days.
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MARKING AND TAGGING

The nameplate on the switchgear shall include the following information:

Manufacturer’'s Name
Manufacturer’s serial number

- The disconnect Switch shall be clearly marked “DG Disconnect Switch” and tagged
with approved identification number from the Wires Owner.

MAINTENANCE

The Power Producer has full responsibility for routine maintenance of the Power Producer’s
generator, control, and protective equipment and keeping records for such maintenance.

Maintenance procedures for the distribution system up to the Point of Common Coupling
(PCC) shall be in compliance with the Wires Owner’s published “ Guidelines for Connect-
ing Generators to the Wires Owner’s Distribution System”.

All of the equipment from the generator up to and including the visible point of isolation is
the responsibility of the Power Producer. The Power Producer is responsible to maintain
the equipment to accepted industry standards.

The Power Producer shall present the planned maintenance procedures and a mainte-
nance schedule for the Interconnection protection equipment to the Wires Owner.

Failure to maintain industry acceptable facilities and maintainence standards can result in
disconnection of the generator.

MONITORING

The monitoring requirements for an Interconnected system interface with continuous paral-
lel operating conditions include, as a minimum, the following :

- Status of the interconnection system — Closed or Open Interconnection Breaker(s)
- Telemetering of the watt and var flows — instantaneous and integrated quantities.
Revenue and Intertie Billing Meters

Metering

Metering shall comply with the Regulatory Authority having jurisdiction and the latest
revision of the Regional Transmission Adminstrator’'s Measurement and Billing Standards
and approved by the Wires Owner.

The metering equipment must:

Be suitable for use in the environmental conditions reasonably expected to occur at the
installation site, over the course of a typical year

Be appropiate for the power system characteristics reasonably expected to exist at the
installation site under all power system conditions and events.
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Typical Implementation, DG Interconnection, Protection, Monitoring, and Control
Opportunities

A. SCOPE

The project is to implement a parallel interconnection between a Power Producer and a
Wires Owner. The steps required to implement the interconnection includes the following:

1. Make Application to the Wires Owner for a parallel interconnection

2. Prepare the required Single Line Diagrams, Proposed Design, Type of Generator, Fuel
Source, and Type of Service desired.

3. Receive approval of the Wires Owner to proceed with the Interconnection.

4. Finalize the Design, Construction, Testing, Interconnection Agreement, and Operation
and Maintenance Agreement between the Power Producer and the Wires Owner.

5. Proceed with the construction of the generator and the interconnection.

6. Inspect the installation periodically during construction.

7. Review Type Testing submittals and witness them where necessary.

8. After completion of construction begin Start-up and Design Verification Testing.

9. Energize Generation and Interconnection Facilities

10. Document all functional testing using modern technology such as Numerical Protection
Systems as recorders and event loggers before loading and after loading the generator
and the interconnection facility.

11. Place in operation and begin maintenance planning for the asset.

B. INTERCONNECTION PROTECTION SINGLE LINES

To review the required protection for the reliability and performance of the proposed facility,
there are four increasingly complex levels to get the job done:

* Level 1 - Protection requirements for operating the interconnection system for
system disturbances that occur when the two electric power systems are operat-
ing in parallel.

* Level 2 - Additional protective functions to increase the level of protective ele-
ments to enhance the detection of harmful currents while operating in parallel.

* Level 3 - Additional protective functions enhance control during normal operation.

¢ Level 4 - Additional control functions.

Figure 10 is the single line diagram illustrating the performance capability of the least
complex alternative - Level 1.
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Figure 10: Level 1 (Least complex alternative)

The purpose of the 27/59 and 81U/O functions shown in Figure 10 is to separate the two
electric power systems and allow the system with the disturbance to recover to its steady
state conditions before restoring the systems to parallel operation. Recording of the system
conditions before, during and after the disturbance by the interconnection protection sys-
tems available today is a must. The recording of targets, fault current levels, sequence of
events, and oscillographic information removes all doubt as to why the tie line tripped.
Older technology did not have this capability at a reasonable cost.
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Figure 11 is the single line diagram for Level 2 and increases the performance capability
for protection, however it also adds complexity due to closer interaction between the oper-
ating systems. Additions include Overcurrent Protection for system fault conditions and
unbalance voltage and current (51C or 51V, 67, 46) and additional voltage protection
(59N/G, 27N, and 47).

‘ UTILITY FEEDER

[]

IPP

Figure 11: Level 2 (Increased performance capability)

The addition of time overcurrent with voltage controller or voltage restrained control allows
for more selectivity to differentiate fault current from overload current when system fault
current levels and overload levels are close, due to a low system stiffness ratio. The addi-
tion of directional overcurrent adds increase selectivity for fault detection of phase faults.
The addition of current unbalance (Function 46) will assist in preventing unbalance cur-
rents from damaging the interconnection equipment. The addition of the unbalanced
voltage (Function 47) will add protection for open or high impedance grounded phases.
The addition of the 59N and 27N functions on the high side of a Delta-Wye transformer
adds fault detection for phase to ground faults.
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Figure 12 is the single line diagram for Level 3 and adds additional protection to Level 2
(Protection 32 overpower forward or reverse).
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Figure 12: Level 3 (additional protection)

The addition of an overpower device 32 to the interconnection gives the capability of con-
trolling the import or export of power during normal operation. Figure 11 shows this addi-
tional element and directionality is controlled by the polarity of the CT connections. Dual
element overpower - forward and reverse allows the Wires Owner to determine if the Power
Producer has lost load or lost generation when coupled with a time delay function 62.
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Figure 13 is the single line diagram for Level 4 and adds control functions to Level 3.
(25 w/voltage monitoring)
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Figure 13: Level 4 (adds control function)

When an interconnection is closed, there must be supervision of the closing of the Intercon-
nection/Generator Breaker. Monitoring of the voltage across the open breaker for the follow-
ing four conditions will set up the closing logic scheme chosen:

a. Live bus - Live line

b. Live bus - Dead line
c. Dead bus - Live line
d. Dead bus - Dead line

A 25 sync-check device must only permit the closing of the open breaker when the voltage,
frequency and phase angle between the electric systems are within certain differential
limits. These limits are Delta V, Delta F and Delta Phase Angle. This function is required any
time the interconnection is manually or automatically closed. Otherwise, there are poten-
tially damaging transients to the equipment.
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C. TYPICAL FAULT CURRENT ANALYSIS TO DETERMINE IMPACT OF POWER
PRODUCER’S ADDITION TO THE INTERCONNECTED SYSTEM.

The overwhelming majority of DG installations will be using proven technologies such as
synchronous generators or induction generators. Typically, the contributions to faults on the
interconnected power system can be calculated readily, given certain system data for the
study.

1. Synchronous Generator:

Given a synchronous generator with its own excitation system, the contribution to the fault
will be a function of the subtransient reactance and the excitation support system. Typical
values for the study shown in Figure 14 could be as follows:

* Minimum subtransient reactance - X"d is 10%.

* This converts to a subtransient current contribution of 10 times full load rating.

» Subtransient time constant is typically 20 to 30 ms.

* Transient reactance is typically 0.3 to 0.4.

* Transient reactance time constant is typically 150 to 200 ms.

* At the end of 1.5 seconds, the contribution to the fault would be less than one-half its
initial value.

* Common specified performance for synchronous generators and excitation systems
requires the generator and excitation system to provide 300% rated current for 10
seconds.

* During this time, the machine terminal voltage is substantially reduced.

* The major impedance in this fault circuit will be the stator winding resistance of the
generator.

12.47kV Bus

2 MVA

X'y =10%\ Gen

2 MVA

= 7-575%

IsC U& %G iﬂ
480/277 Bus

T LT T

Figure 14: Fault current analysis at point of DR interconnect, synchronous generator

2. Induction Generator:

This case would be a fault on a grid radial primary distribution feeder near a Power Pro-
ducer with an induction generator on line. Using typical engineering practices used in a
fault study, and the energy taken as a contribution from the induction machine as 4 times
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rated full load current, and a subtransient time constant of 20 ms, the evaluation reveals the
following:

* The initial contribution to the fault will be reduced to less than its initial value in the first 2
cycles.

* Depending on the size and characteristic of the turbine driving the generator, the induc-
tion generator can sustain magnitude of the short circuit current contribution from 6
cycles to 30 cycles before it decays to zero.

ADDITIONAL TECHNICAL TRANSIENT RESPONSE REQUIREMENTS

1. An additional observation regarding power system transients is synchronizing tran-
sients. The impact of a Power Producer’s synchronous generator when it connects and
disconnects from the interconnection causes transients that can be harmful to other
customers on the grid.

2. An induction machine causes concern for inrush currents at the instant of interconnec-
tion. This high inrush will cause flicker to the other connected load on the Wire Owner's
distribution system. The interconnecting breaker or contctor devices should be rated for
full phase-phase voltage and the inrush current.

3. Load changes will follow the control algorithm of the controller, governor, and voltage
regulator combination. Good engineering practices, when followed need to include
study of these other transient conditions during the application and design phase of the
Power Producer's proposed Distributed Generation Project.

DG OPPORTUNITIES TO ENHANCE CUSTOMER SATISFACTION

Case #1: Given a local hospital with cogeneration needs for hot water for the hospital
laundry. The addition of five 75kW Induction Generators (325kW) is a cost effective use of
combined heat and power running in parallel with the hospital's 277/480V electric power
system. Figure 15 is a one line diagram of this application. The facility has been in opera-
tion since early 1991.

The designer used a zig-zag transformer connection to provide a ground source to trip the
DG breaker for ground faults on the hospital's electric power system.
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Figure 15: Typical DG opportunity - Combined heat and power

A possible new application opportunity for this facility is to convert the 500kVA emergency
generator to run in parallel with the hospital's electric power system continuously without
exporting power to the Wires Owner's electric power system.

Case #2: This case is an application whereby existing interconnected electric power
systems installed a 24MW diesel power plant. The purpose was for one party to install and
operate the 24MW facilities to relieve imported power and energy during peak loads and
periods of curtailment within the bulk power systems.

Case #3: This case has applied the fuel cell technology to a United States Postal Service
facility using five natural gas fueled 200kW phosphoric acid fuel cells. These prepackaged
and self-contained fuel cells feed a 480V common bus. The bus is connected to 600V
metal-clad circuit breaker switchgear. A site management protection and control system
consisting of circuit breakers for the fuel cell side and the grid side, along with a high
speed solid state automatic switch between the Post Office 480V switchboard and the grid
side circuit breaker. The high speed automatic switch controller provides for detection of
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grid transients and transfers the fuel cell power plant output from grid parallel mode to grid
independent operation. The shift from full plant output to load matching/following is ac-
complished in one-quarter cycle. The 1MW fuel cell power plant provides electricity and
heat to the U.S. Postal facility.

Case #4: This application has applied a 6MW diesel power plant at a customer's 35mW
Chip Plant manufacturing process in cases of load curtailments. The agreement provides
that, upon notification by the Wires Owner, the customer will manually start the three 2MW
unit power plant and place the MW on line. The process of synchronizing and paralleling
with the power grid is fully automated. The objective of paralleling is a seamless transfer to
and from the Wires Owner's grid.

SUMMARY and CONCLUSIONS

The implementation of a DG and its associated parallel interconnection is based on a long
history of satisfactory performance relating to:

. Increases in the reliability of the interconnected electric power system

. Mutual economic benefits brought to the parties belonging to the interconnection.
. Protection of the safety of the parties involved in interconnected operation.

. Providing flexibility for emergency, short term firm, long term firm and when and if

available energy services that reduce the exposure to step changes in supply and
demand economics.

. Improvement in the quality of electric service to wholesale and retail customers.

. Provides access to other markets for customers.

. Future work required for successful implementation and understanding of the inter-
connection of DG is illustrated in Figure 16.

!
I . :
o Interconnection System [
i ' e P1547 Draft Std for Interconnecting DG with EPS I
| .
| ! !

¢ New Std: Interconnection System Testing
e New Std: Guidelines for

Communication-Control of DG Interconnection and Wires
Operation with the EPS
e New Std: Guidelines for Certification of Owner
DG Unit DG Interconnection Equipment Electric
e New Std: Application Guide for DG Interconnected Power
with EPS
e New Std: Guidelines for Network Specifications SVStem

and Applications with DG i :
e New Std: Recommended Practice for Distributed i |

Generators and Equipment - Specifications and Performance | I
|

Figure 16: Future work required covering interconnection of DG
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APPENDIX 1
Applicable Codes and Standards

The generator or distributed resource interconnection shall conform to this guideline and to
the applicable sections of the following codes and standards:

When the stated version of the following standards is superseded by an approved revision,
then that revision shall apply.

Specific types of interconnection schemes, DR technologies, and Distribution Systems may
have additional requirements, standards, recommended practices, or guideline docu-
ments external to this guideline. The applicability and hierarchy of those with respect to the
requirements herein are beyond the scope of this guideline. Users of this guideline shall
address those concerns. This list of standards is, therefore, not to be regarded as all-
inclusive.

Power Quality Standards

* ANSI C84.1-1989 American National Standards for Electric Power Systems and Equip-
ment ratings (60 Hertz). Establishes nominal voltage ratings and operating tolerances
for 60Hz electric power systems from 100V through 230kV.

* |EEE Std. 493-1900 IEEE Recommended Practice for Design of Reliable Industrial and
Commercial Power Systems (IEEE Gold Book). Chapter 9 deals specifically with voltage
sags analysis and methods of reporting sag characteristics graphically and statistically.

* |[EEE Std 519-1992 IEEE Recommended Practice and Requirements for Harmonic Con-
trol in Electric Power Systems.

* |[EEE Std 1100-1992 IEEE Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (IEEE Emerald Book).

* |EEE Std 1159-1995 IEEE Recommended Practice for Monitoring Electric Power Quality.

* |IEEE Std 1250-1995 IEEE Guide for Service to Equipment Sensitive to Momentary Volt-
age Disturbances.

In addition to the power quality standards, the following standards are applicable to the
interconnection of distributed generation resources on the Wires Owner system:

* |IEEE Std 100-1997 IEEE Standard Dictionary of Electrical and Electronics Terms

* |IEEE Std 315-1975 (Reaffirmed 1993) ANSI Y32.3-1975 (Reaffirmed 1989) CSA Z99-1975
Graphic Symbols for Electrical and Electronics Diagrams (Including Reference Designa-
tion Letters)

* |EEE Std 929-1988 IEEE Recommended Practice for Utility Interface of Residential and
Intermediate Photovoltaic (PV) Systems

» C37.1 ANSI/IEEE Standard Definitions, Specifications and Analysis of Systems Used for
Supervisory Control, Data Acquisition, and Automatic Control

» C37.2 IEEE Standard Electrical Power System Device Function Numbers

» C37.18 ANSI/IEEE Standard Enclosed Field Discharge Circuit Breakers for Rotating
Electric Machinery

» C37.20.1 ANSI/IEEE Standard for Metal-Enclosed Low-voltage Power Circuit Breakers
Switchgear

» C37.20.3 ANSI/IEEE Standard for Metal-Enclosed Interrupter Switchgear
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» C37.24 ANSI/IEEE Standard for Radiation on Outdoor Metal-Enclosed Switchgear

» C37.27 ANSI/IEEE Standard Application Guide for Low-voltage AC Nonintegrally Fused
Power Circuit Breakers (Using Separately Mounted Current-Limiting Fuses)

* C37.50 ANSI Standard Test Procedures for Low-voltage AC Circuit Breakers Use In Enclo-
sures

* C37.51 ANSI Standard Conformance Test Procedure for Metal Enclosed Low-voltage AC
Power Circuit-Breaker Switchgear Assemblies

* C37.52 ANSI Standard Test Procedures for Low-voltage AC Power Circuit Protectors Used
in Enclosures

* C57.12 IEEE Standard General Requirements for Liquid Immersed Distribution, Power
and Regulating Transformers

* C57.12.13 Conformance Requirements for Liquid Filled Transformers Used in Unit Instal-
lations including Unit Substations

» C57.13.1 IEEE Guide for Field Testing of Relaying Current Transformers

» C57.13.2 IEEE Standard Conformance Test Procedures for Instrument Transformers

* C37.58 ANSI Standard Conformance Test Procedures for Indoor AC Medium Voltage
Switches for use in Metal-Enclosed Switchgear

» C37.90 ANSI/IEEE Standard for Relays and Relay Systems Associated with Electric
Power Apparatus

* C37.90.1 ANSI/IEEE Standard Surge Withstand Capability (SWC) Tests for Protective
Relays and Relay Systems

» C37.90.2 ANSI/IEEE Standard Withstand Capability of Relay Systems to Radiated Elec-
tromagnetic Interference from Transceivers

» C37.95 IEEE Guide for Protective Relaying of Utility Consumer Interconnections

» C37.98 ANSI/IEEE Standard for Seismic Testing of Relays

* |[EC 1000-3-3 Limitation of voltage fluctuations and flicker in low-voltage supply systems
for equipment with rated current less than 16A

* [IEC1000-3-5 Limitation of voltage fluctuations and flicker in low-voltage supply systems
for equipment with rated current greater than 16A

» UL1008 Transfer Switch Equipment

» |EEE P1547, DRAFT Standard for Distributed Resources Interconnected with Electric
Power Systems

» Canadian Electrical Code, CSA no. C22-1, latest version

* C22.2 No. 31-M89 (R1995) - Switchgear Assemblies

* Can/CSA - C22.2 No. 107.1-95 - Commercial and Industrial Power Supplies

* Can/CSA - C22.2 No. 1010.1-92 - Safety Requirements for Electrical Equipment for Mea-
surement, Control and Laboratory Use

* Can/CSA - C22.2 No. 144-M91 (R1997) - Ground Fault Circuit Interrupters

* C22.2 No. 193-M1983 (R1992) - High Voltage Full-load Interrupter Switches

* C22.2 No. 201-M1984 (R1992) - Metal Enclosed High Voltage Busways

* C22.2 No. 229-M1988 (R1994) - Switching and Metering Centres

* CSA Standard CAN3 C235 83 - Perferred Voltage Levels for AC Systems 0 to 50,000V

* Alberta Electrical and Communication Utility Code (formerly the Alberta Electrical and
Communcation Utility System Regulation 44/1976 or future amendments).

» C37.04-1999 |IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis (ANSI/DoD)

* C37.04i-1991 Supplement to IEEE C37.04-1979
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» C37.06-1997 American National Standard for Switchgear -- AC High-Voltage Circuit
Breakers Rated on a Symmetrical Current Basis -- Preferred Ratings and Related Re-
quired Capabilities

» C37.09-1999 |IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis (ANSI/DoD)

* C37.09a-1991 Supplement to IEEE C37.09-1979

* C37.09g-1991 (R1991) Supplement to IEEE C37.09-1979

» C37.010-1999 |IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis

* C37.010b-1985 (R1988) Supplement to IEEE C37.010-1979

* C37.010e-1985 (R1988) Supplement to IEEE C37.010-1979

* C37.011-1994 |IEEE Application Guide for Transient Recovery Voltage for AC High-Volt-
age Circuit Breakers Rated on a Symmetrical Current Basis

» C37.012-1979 (R1988) IEEE Application Guide for Capacitance Current Switching for AC
High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis

» C37.013-1997 IEEE Standard for AC High-Voltage Generator Circuit Breaker Rated on a
Symmetrical Current Basis

» C37.015-1993 IEEE Application Guide for Shunt Reactor Switching

* C37.081-1981 (Reaff 1988) Guide for Synthetic Fault Testing of AC High-Voltage Circuit
Breakers Rated on a Symmetrical Current basis

* C37.11-1997 IEEE Standard Requirements for Electrical Control for High-Voltage Circuit
Breakers Rated on a Symmetrical Current basis

* C37.13-1990 (R1995) IEEE Standard for Low-Voltage AC Power Circuit Breakers Used in
Enclosures

* C37.14-1992 |IEEE Standard for Low-Voltage DC Power Circuit Breakers Used in Enclo-
sures

* C37.16-1997 American National Standard for Switchgear - Low-Voltage Power Circuit
Breakers and AC Power Circuit Protectors - Preferred Ratings, Related Requirements,
and Application Recommendations

» C37.20.2-1999 IEEE Standard for Metal-Clad and Station-Type Cubicle Switchgear

* C37.20.2b-1994 Supplement to IEEE Standard for Metal-Clad and Station-Type Cubicle
Switchgear: Current Transformer Accuracies

* C37.20.6-1997 |IEEE Standard for 4.76 to 38kV Rated Grounding and Testing Devices
used in Enclosures

» C37.23-1987 (R1991) IEEE Standard for Metal-Enclosed Bus and Calculating Losses in
Isolated-Phase Bus

» C37.30-1997 IEEE Standard Requirements for High-Voltage Switches

» C37.32-1996 American National Standard for Switchgear -- High-Voltage Air Switches,
Bus Supports, and Switch Accessories -- Schedules of Preferred Ratings, Manufacturing
Specifications, and Application Guide

» C37.34-1994 |EEE Standard Test Code for High-Voltage Air Switches

» C37.35-1995 |IEEE Guide for the Application, Installation, Operating, and Maintenance of
High-Voltage Air Disconnecting and Load Interrupter Switches

» C37.36b-1990 IEEE Guide to Current Interruption with Horn-Gap Air Switches

» C37.37-1996 |IEEE Standard for Loading Guide for AC High-Voltage Air Switches (in
excess of 1000V)
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» C37.38-1989 IEEE Standard for Gas-Insulated, Metal-Enclosed Disconnecting, Interrupter,
and Grounding Switches

* C37.42-1996 American National Standard for Switchgear -- Distribution Cutouts and Fuse
Links -- Specifications

* C37.44-1981 (R1987) American National Standard Specifications for Distribution Qil
Cutouts and Fuse Links

* C37.54-1996 American National Standard for Switchgear -- Indoor Alternating-Current
High-Voltage Circuit Breakers Applied as Removable Elements in Metal-Enclosed
Switchgear Assembilies -- Conformance Test Procedures

* C37.55-1989 American National Standard for Switchgear -- Metal-Clad Switchgear As-
semblies -- Conformance Test Procedures

* C37.57-1990 American National Standard for Switchgear -- Metal-Enclosed Interrupter
Switchgear Assemblies -- Conformance Testing

» C37.66-1969 (Reaff 1988) American National Standard for Requirements for Oil-Filled
Capacitor Switches for Alternating-Current Systems

* C37.81-1989 (R1992) IEEE Guide for Seismic Qualification of Class 1E Metal-Enclosed
Power Switchgear Assemblies

» C37.85-1989 (R1998) American National Standard for Switchgear -- Alternating-Current
High-Voltage Power Vacuum Interrupters -- Safety Requirements for X-Radiation Limits

* ANSI/IEEE C37.90-1989 - Surge Withstand and Fast Transient Tests

* 120-1989 (Reaff 1997) IEEE Master Test Guide for Electrical Measurements in Power
Circuits

* 1291-1993 |IEEE Guide for Partial Discharge Measurement in Power Switchgear

* Application Guide for Surge Protection of Electric Generating Plants - IEEE Std C62.23-
1995

» C57.13-1993 IEEE Standard Requirements for Instrument Transformers

* C57.13.3-1983 (R1991) IEEE Guide for the Grounding of Instrument Transformer Second-
ary Circuits and Cases

» C57.98-1993 IEEE Guide for Transformer Impulse Tests

* C57.19.100-1995 (R1997) IEEE Guide for Application of Power Apparatus Bushings

* C57.110-1986 (R1992) IEEE Recommended Practice for Establishing Transformer Capa-
bility When Supplying Nonsinusoidal Load Currents

* C62.92.4-1991 IEEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems, Part IV - Distribution

* ANSI C12.20 - Electricity Meters 0.2 and 0.5 Accuracy Classes

* ANSI C62.1 - Surge Arresters for AC Power Circuits

* ANSI C62.11 - Metal-Oxide Surge Arresters for AC Power Circuits

* NEMA CC-1 - Electric Power Connectors for Substations

* NEMA LA-1 - Surge Arresters

* NEMA MG-1 - Motors
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