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Typical Electrical Power System Single-Line Diagram
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Decentralized Power System

7 Fuelcells

Rooftop solar
cell arrays - NS + Solarcell

2 XV . rooftop systems
‘\ul"\ A5 Wi
%, . Transmission
$ '. = 4 . and distribution

\

A
" i
Wwr™ sman's mas®

wind
Residential wrbine

£ 2006 Brochn Cale - Thomssn Industrial Mlcrommlnes‘

Fig. 13-46, p. 324







Transmission Protection Characteristic

MH®@ relay cheardcteristic

The characteristic of a mho impedance element , when plotted
on a R/X diagram, is a circle whose circumference pass through
the origin .

X

R
Y = relay characteristic angle




Transmission Protection Characteristic




Pilot Protection Scheme with Communication

Conventional implementation of accelerated
scheme
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Current-Only Pilot Schemes
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Subcycle Operation Minimizes
Equipment Damage, Improves Stability
Margins
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Transmission Current and Voltage Sensing

Devices

CAPACITIVE VOLTAGE
TRANSFORMER

N ST L)

* CVT converts high g
transmission voltage to \\
standard, low and easily
measurable voltage
which is used for
metering, protection,
control of system.




Transmission Protective Relays




Substation Control House




-
O
@
i’

(7))
@)

-
)

ISSION

Transm

[F=T ok ~oiNE
R 3 /.‘-J‘/ / X




Lightning Strikes




Transmission Power Transformer




Windings of a Power Transformer
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Winding Damage due to Fault Current
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Equipment Damage
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Large Power Plants
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NERC Common Failure Modes

Incorrect setting/logic/design
8% .
8% errors
7% m Relay failures/malfunctions
® Communication failures
| m Unknown/unexplainable

m As-left personnel error

B AC system

m DC system

r Other/explainable‘

Figure 4.11: NERC Misoperations by Cause Code from 2011Q2 to 2013Q3"



Common Equipment Failures

Number of times equipment identified as failed

In 242 events (excludes ENVMIS
Failure events)
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Figure 5.4: Failed Equipment Identified during Review of Event Reports




Transmission Reclosing Practices




Breaker Reclosing Cycle

Temporary Transmission Fault

/ AFault Clears
OpREN Service

Restored




Breaker Reclosing Cycle

Temporary Transmission Fault

/ AFault Clears
OpREN Service

Restored




Breaker Reclosing Cycle

Permanent Transmission Fault
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Fault Types




Basic Protective Devices




Masic sectionalizing device

AOne time operation

Aeeds to be replaced
Anverse time characteristic
Minimum melt time

Notal clear time
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Fuse Time vs. Current Curve
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Reclosers

MBasic sectionalizing device

AViultiple operations

Anverse time characteristic
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Ai me del euywe d

36



Recloser Time vs. Current Curve
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Types of Relays
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Relay Time vs. Current Curve

Pick up

/ Inverse time curve

Instantaneous
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Protective Device Coordination

A Proper timing and operational sequencing of
protective devices

A Coordination minimizes customer outages while
clearing circuit faults
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Coordination Curve

Fuse, Recloser, Relay
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DG Protection Issues

Reduction of Reach

With DG:

Vr = Inw223+(|nw+ Idg)ZBa

The impedance measured by _ V. _ |dg
the relay R: Zr = I_ = Zz3 i Z3a i I_ Z3a

nw nw

disturbance

REDUCES THE REACH!



DG Protection Issues

Short-Circuit Current
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DG Protection Issues

Voltage Profile




DG Protection Issues

Reverse Power Flow




Typical Distribution Substation Construction




Equipment Damage
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Equipment Damage




Personal Safety

nload from
Dreamstime.com




Personal Safety




Distribution Reclosing Practices



Breaker Reclosing Cycle

Temporary Distribution Fault

OpREN Service

Restored
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Breaker Reclosing Cycle

Permanent Distribution Fault

Open
Closed 1
Fault
10 sec
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How Does DER Integrate into This System
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LobMesL

Std 1547 : Interconnection Is The Focus

IEEE Std 1547: Interconnection system requirements &
specifications, and test requirements & specifications ..




OVERVIEW

« |EEE 1547 series are standards for interconnecting
distribution resources with electric power systems which
helps utilities tap surplus electricity from alternative
sources.

« The standard establishes technical requirements for
electric power systems interconnecting with distributed
generators such as fuel cells, photovoltaic, micro-turbine,
reciprocating engines, wind generators, large turbines,
and other local generators.

$IEEE




IEEE 1547
What’s 1n 1t?

» Interconnection technical specifications:
— General requirements
— Response to Area EPS
— Abnormal conditions
— Power Quality
— Islanding
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