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Abstract — Many industrial facilities will have on site
generation and it is important that the facility design its
protection and control system to protect the
interconnection between the facility and the utility
supply. This paper is a tutorial on the protection
necessary to protect the utility from issues within the
industrial facility and to protect the facility from issues
on the utility supply. Topics to be discussed will
include: directional power elements, directional
overcurrent elements, load shed schemes and
contingency schemes, and utility reclosing schemes.

Introduction

Many industrial facilities have on-site generation and a
utility tie. The combination of these two sources provides the
energy needs of the facility. Protecting the industrial facility
from issues on the utility system as well as protecting the
utility from issues on the industrial system poses some
unique challenges. IEEE 1547, describes some of the
protection necessary to properly intertie the industrial facility
and the utility but an understanding of the protection and
consequences is necessary to properly protect both the
facility and utility. If the utility system has a fault, the facility
generation can feed that fault so protection must be provided
by the facility to separate in the event of a utility fault.
Likewise, a fault in the facility will be fed from the utility so a
separation is necessary if the fault isn’t cleared inside the
facility. Additionally, if the utility loses its source the facility
will feed all of the utility load and will cause a collapse of the
facility system.

Once a separation between the utility and facility has
occurred, additional protection and control schemes must be
used to maintain the facility and to allow a smooth restore of
the utility to the facility. For example, if the facilities on site
generation is not sufficient to feed the entire facility the facility
will need to shed loads so that the onsite generation
capabilities match the load, otherwise the facility power
system will collapse.

When the utility feed into the facility is restored, care must
be taken so that the facility system is synchronized to the
utility system prior to restoration, which requires a synch
check control system. Additionally, the reclose scheme of the
utility must account for the fact that facility may take longer to
clear a fault than the utility scheme.

l. DIRECTIONAL PROTECTION FOR UTILITY FAULTS

When a fault is initiated on the utility system, that fault can
be feed from the facilities on site generation. If the facility
does not separate from the utility to clear the fault it will cause
frequency collapse of the facility system. Figure 1 shows this
type of collapse. In this case the facility only had over-current

protection
transformer that connects to the utility. The utility system had
a fault and the utility successfully cleared the fault. The fault
current fed by the facility was less than the pick-up of the
transformer
transformer did not operate to clear the fault.
continued to feed fault current from its generator.
generator prime mover could not supply the power of the fault
so the generator began to slow down. Over the course of 2.5
seconds the frequency of the generator dropped from 59.95
Hz to 54.5 Hz. The generator was ultimately tripped on under
frequency.
elements, one was set sensitive with a long delay and the
other was set less sensitive with a shorter delay. The second
under-frequency element tripped and was set to 57 Hz with a
1 second delay. While the element was timing the frequency
continued to decay and ultimately decayed to 54 Hz before
the generator was tripped off-line.
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Figure 1 — Generator UF Trip

This underfreqeuncy event caused the entire facility to be

in outage. The more desirable scenario would be to have
tripped the
separating the facility from the utility.
facility could have shed loads to achieve balance and
continued to run on its onsite generation. The element that
would have prevented this operation would have been a
directional over-current with a tripping direction toward the
utility. The over-current element on the transformer was a

inter-tie transformers high side breaker,

In that situation the
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the GSU generator combination. In order to catch the
characteristic and distinguish between a fault and a power
swing, delay timers could be set so that the impedance
trajectory would have to enter the outer characteristic and
remain for 30ms, then enter the inter characteristic and
remain for 50-100ms and then exit the inner characteristic
and trip. This type of characteristic is shown in figure six
below.
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Figure 6 — Two Element Power Swing Characteristic with
Blinders

V. FACILITY LOAD SHEDDING

Once the industrial facility has separated from the utility, if
an imbalance exists between the facility load and generation,
the frequency of the facility system will slow down as the
generators begin to slow due to the excess load. As the
frequency decays the generator efficiency is affected and the
auxiliary loads may also be affected further exasperating the
problem. In this situation, load must be removed or the
decaying frequency can have a cascading effect and the
entire facility power system can collapse. Several methods
exist to recognize this condition and shed load before a
complete power system collapse occurs. These load shed
methods include: under-frequency, rate of change of
frequency, under-voltage, and fast load shed.

In an under-frequency or under-voltage load shed scheme,
relays are used to measure the frequency or voltage and
when it has dropped below a setting for the desired time
delay, non-essential load are shed in the attempt to bring the
load balance back to a level the generator can supply. The
issue around under-frequency or under-voltage load shed is
that the frequency or voltage has already decayed to a low
level before the relay can sense the condition. The quantity
will continue to drop during the delay time of the element and
the clearing time of the breakers with load to be dropped. It
is possible with a high enough rate of frequency or voltage

decay that the load will not be shed fast enough to preserve
the system. Rate of frequency decay attempts to operate
faster by operating on the rate of frequency decay rather than
the frequency itself. A rate of frequency decay has a
vulnerability that it may not operate for very slow rates of
frequency decay. Additionally, it is very difficult for the facility
to determine how fast its frequency will decay and the rate of
frequency decay will be dependent on load conditions at the
time of separation. An additional issue with both the rate of
frequency change and under-frequency element is that both
schemes remove pre-determined loads. During lightly loaded
conditions, this means that the scheme will likely over-shed
load, shedding more loads than necessary.

A fast load shed scheme is meant to remove excess loads
before the frequency or voltage have taken a major deviation
and to only shed the necessary load to preserve the system.
In this scheme all the loads and sources are monitored in the
system and sent to a load shed controller via a GOOSE
analog message. The load shed controller will then know the
reserve generation capabilities, existing generation, existing
power from the utilty and existing loads. When a
contingency event, such as the opening of the utility breaker
occurs, the controller can immediately calculate the
difference between load, generation, and reserve generation
and send a GOOSE trip command to non-essential loads. In
this manner, the scheme can shed only the amount of non-
essential load necessary preserve the system. Additionally,
with this type of scheme the load can be shed in as little as
64ms, which is significantly shorter than an under-frequency
event could be triggered [3].

VI. UTILITY SYNCH CHECK

A large portion of the faults on a transmission or
distribution system are temporary in nature. These type of
faults include animal’s spanning the insulation, insulator
tracking, and lighting arrestor failures. Utility transmission
feeders are typically equipped with reclose control elements
which will close the transmission line back after a temporary
fault. Reclose increases the availability of a transmission line
by automatically restoring the utility line once the fault has
been cleared. In this case though, the utility and facility will
become separated at a different location than the intertie
breaker. While the two systems are separated from each
other they may drift out of synchronism with each other and
develop a difference in voltage, frequency, and or phase
angle between the two systems. Reconnecting the two
systems while they are out of synchronism with each other
can cause damage to the facilities turbine or generator. For
cases of faults on the utility system, the facility must insure
that it's directional over-current protection will operate and
clear the fault before the utility recloses back into the line. In
order to insure that the directional protection has time to
operate, the utility may have to disable its high-speed reclose
and carefully coordinate the reclose dead-time so that the
facilities directional elements have sufficient time to operate.

Additionally, the facility should supervise the close of the
inter-tie breaker with a synch check element so that, when a
separation occurs, the inter-tie breaker isn’t allowed to close
the tie between the facility and utility when they are out of
synchronization. The synch check element will compare
voltage, phase angle, and frequency between voltage



transformers on the utility system and the facility system and
only allow a close of the inter-tie breaker if those values are
within acceptable ranges set in the relay.

VII. CONCLUSIONS

Care should be taken to insure that the intertie between
the utility and the industrial facility is adequately protected. If
the intertie is not properly designed and protected then the
facility can face issues that needlessly cause the loss of the
facility power system. While IEEE 1547 discusses this type
of intertie protection, it is important to adequately understand
the challenges and consequences of the protective functions.
If the intertie isn’t able to detect issues on the utility system
and separate it can cause under-frequency or under-voltage
events in the facility that can cause the loss of generation.
Additionally, if the facility doesn’t separate it could continue to
feed a fault on the utility system.

Once separation has occurred, the facility should also
insure that it has adequate generation capabilities to provide
its own load. If not, the facility should have a load shed
scheme to shed non-essential loads to preserve the facility
power system.
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