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Boiler Nuclear reactor Steam turbine Generator Transformer Grid system
275,000 or
400,000 volts
Light
industry e
A E’%F Farms . ?
Heavy industry I\[\{\l g
B 11,000 volts Towns and villages 230 volts
Transformer
c {:43 11,000/230
33,000 volts ' Vo
33,000 volts 11,000 vos{|[|#00/230 volts 1 560 yos
275,000 or 275,000 or 132,000 132.000/33,000 33,000/11,000 11,000/400/230
400,000 volts  400.000/132.,000 volts volts volts volts volts

Grid system Transfarmer Grid system Transformer Transformer Transformer /
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Boiler Nuclear reactor

Steam turbine

Generator Transformer Grid system

275,000 or
400,000 volts

Light

industry

Heavy industry

230 volts

Transformer
| 11,000/230
volts

275,000 or 275,000 or 132,000 132,000/33,000 33,000/11,000 11,000/400/230
400.000 volts  400.000/132,000 volts volts volts volts volts
Grid system Transformer Grid system Transformer Transformer Transformer

\

Distributed generators
connected here
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Type

Connection Configuration

Functions

Fuel Cell

Fuel Cetl oC/oC 1 DC/AC
q . -
1
Enorgy Storage

Gridt

Fuel Cell produces low
voltage DC. The energy is
boosted to high voltage DC;
Some of the energy is stored
in batteries. Inverter, invert
DC to 3 Phase AC grid
voltage.

Photovolt
aic Cells

Photovoltaic Cells

DC/DC ‘ ‘ DC/AC ‘ +
> - Grid

Energy Storage

Solar Cells produce low
voltage DC. The energy
boosts to high voltage DC,
Some of energy store in
batteries. Inverter, invert DC
to 3 Phase AC grid voltage.

Main Bus bar

Typical DG

Micro
Turbine

Micro Turbine AC/DC 1 DC/AC —_ —

r
I
l
|

Grid

Micro Turbine produces high
frequency AC, which AC/DC
and DC/AC fix the problems
of synchronising.

Wind
Turbine

I | I —

Wind Turbine AC/DC ‘ DC/AC

‘ l Grid
Energy Storage

“Distribution Generation Education Modules,” The
National Science Foundation, Virginia Tech, 2007.

Wind  Turbine  produce
variable frequency AC, which
AC/DC and DC/AC fix the
problems of synchronising.

Power
Electronic
Instrument

Connection

Power Power
Electronic Electronic

Instrument Instrument

o W

TN VRN
/ \

J/

.

B. Hussain, Protection of distribution
networks with distributed generation, Thesis
(Ph.D.) -University of Southampton, /
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P. P. Barker and R. W. de Mello, “Determining the Impact of Distributed Generation on Power
KSystems: Part 1 - Radial Distribution Systems,” IEEE
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1 Generation not connected. Load on feeder 800kVA

2 Generator connected, PF 0.95, load on feeder 800kVA

3 Generator connected, PF 0.95, zero load on feeder

4 Generator connected, PF 0.85, zero load on feeder
B <7
+4%
+2%
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G. Hodgkinson, “System implications of embedded generation and its protection and control
\ PES perspective,” IEEE /
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L. Kumpulainen and K. Kauhaniemi, Distributed Generatorand Reclosing Coordination,
Finland: VTT Technical Research Centre. /
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Islanding Detection Techniques

Anti-Islanding Technigues

Communication Based

Local Detection

I Inter-Tripping

Passive Methods

Active methods

Power Line Signalling

COROCOF

|| Under/Over Frequency

Under/Over Voltage

PMLT

Reactive Error Export
Detection

- ROCOF

Advanced Protection of

Distribution Networks with

Distributed Generators, Peter

Crossley, University of
KManchester

Vector Shift

] Other Techniques

System Impedance
MMonitoring
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Advanced Protection of Distribution Networks with Distributed Generators, Peter
\Crossley, University of Manchester /
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Advanced Protection of Distribution Networks with Distributed Generators, Peter
\Crossley, University of Manchester
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/—\ Capacitance
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parallel with grid - islanded operation
DG operates close to unity power factor DG must now supply reactive demand

Reactive demand mainly supplied by utility

Advanced Protection of Distribution Networks with Distributed Generators, Peter
\Crossley, University of Manchester /
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EEE929-2000 L.l ,, 5l
Voltage (at PCC) Maximum trip time!

V<60 (V<50%) 6 cycles

60=V <106 (50% = V< 88%) 120 cycles

106 =V=132 (88% =V=110%) Normal operation

132<V<165(110% <V < 137%) 120 cycles

165=<V (137% < V) 2 cycles
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e Geothermal, Hydropower,
Nuclear systems,...

\ Image Source: www.image.google.com

Wind Energy

Wave Energy &
OTEC

Tidal Power

/




/

ouS | ddgi 593l by cblas A

ANSI Device Numbers & Functions

Device
Number

27P

Function

Phase Undervoltage

27X Auxiliary Undervoltage

32 Directional Power

32R Reverse Power

321 Low Forward Power

46 Stator Current Unbalance

47 Phase reversal

50BF Breaker Failure

50P Phase Instantaneous Overcurrent
50N Neutral Instantaneous Overcurrent
50G Ground Instantaneous Overcurrent
51P Phase Time Overcurrent

51N Neutral Time Overcurrent

51G Ground Time Overcurrent

51V Voltage Restrained Time Overcurrent
55 Power Factor

59pP Phase Overvoltage

59X Auxiliary Overvoltage

59N Neutral Overvoltage

67P Phase Directional Overcurrent

67N Neutral Directional Overcurrent
67G Ground Directional Overcurrent
60V Voltage Unbalance

81U/0 Under/Over Frequency

VTFF VT Fuse Failure Detection

Wind Generator protection system, GE,
\ Digital Energy, Multilin.

oL sl poyes @

e

Safety and protection for wind turbines,

Siemens /
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Device Function - o sbogs @

number e A5k
27 Under Voltage

81 U/O/R  Under/Over Frequency _—
50 Over-current Protection = i E;“-E:*.Tf? —
59 Over voltage e }m' -"f
47 Phase Reversal " g i< o A L
32 Reverse Power E‘?:@
25 Sync Check E@ Wi G

Grounding Protection
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Filler Solar cells
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