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WHY DISTRIBUTED GENERATION?

Increase in load growth and depletion of fossil fuel
Proximity of load and source - reduce T&D losses

Standalone and grid connected systems can be used for
augmentation and hence improving power quality and
reliability of supply

Peak operating costs
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G1ve customer more choices.

Efficiency of system can be improved by using CHP, co-
generation and tri-generation



SOURCES FOR DISTRIBUTED GENERATION

o Wind power

o Natural gas

o Biogas

o Solar thermal

o Solar PV

o Fuel cell

o Combined Heat and Power
o Micro Turbines

o Sterling Engines




MICROGRID

Microgrid 1s formed by integrating distributed
generators, loads and storage devices

Operate in parallel to the grid in three modes
Grid Connected mode
Autonomous power or Island mode
Transition between the two above

No huge investment required for transmission of
power

A stable and controllable microgrid is always an
asset to the power system operator

Provide local voltage support and also increase
system reliability
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ISSUES WITH MICROGRIDS

Protection
Synchronization — Reconnection — Restoration
Islanding

Intentional
Unintentional

Power Management
Power Quality and Reliability
Storage



SYNCHRONIZATION

o Re/connection 1s made when the main grid and
MG are synchronized at the PCC in terms of
voltage, frequency and phase angle

o Limit values for synchronous interconnection
between MG and main grid.

Total DG AF (AV%) Ag (9)
Rating (kVA) (HZ)

0-500
>500-1500 0.2 5 15
>1500-1000 0.1 3 10
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SYNCHRONIZATION

o Frequency is not uniform on both sides

» The phase angle between E and V 1s constantly
changing from a 0° to 180°.
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SYNCHRONIZATION

Closing a switch in a RL circuit with zero initial
current

The relative placement of voltages at the instant
of closing decides the direction of current flow
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SYNCHRONIZATION
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Conditions for synchronization

Voltage across the switch/contactor must be small

The voltage with higher frequency shall lead the
voltage with lower frequency.

Power flow 1s always from unit operating at
higher frequency to unit operating at lower
frequency
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ISLANDING — “
PLANNED - UNPLANNED

“The process whereby a power system is split into two
or more segments, each with its own generation.
Islanding is a deliberate emergency measure, the

result of automatic protection or control action, or the
result of human error.” -IEEE Std. 1547

It can be either be planned or unplanned.

DERSs continue to provide energy to the isolated
system after islanding.
Planned 1slanding

It 1s possible to have proper load sharing between DGs
and loads in autonomous mode

Transients can be avoided
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ISLANDING —
PLANNED/INTENTIONAL
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Frequency of the utility side falls below a
threshold

Lack of generation on grid side

Poor voltage quality
Unbalance due to nearby asymmetrical loads

Sensitive loads

Fault in the system
Direction of flow of current



ISLANDING —
UNPLANNED

Un-planned islanding
It is primarily due to fault in the system, blackouts,
voltage drops, short-circuits etc.

Severity of transients depends on

Operating condition before islanding
Importing of Power
Exporting of Power
Floating point

Location of disturbance
Type of DGs in the microgrid

Reconnection to main grid i1s possible when the
fault is cleared and system 1s restored.
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[SLANDING DETECTION TECHNIQUES

Passive
Under/over voltage
Under/over frequency
Phase jump detection

Active
Algorithm based on current injection
Sandia national laboratory algorithm
Utility control
Island detection by communication signals

SCADA — Supervisory control and data acquisition
system
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EU MICROGRIDS

Two level architecture MGCC &MCOC)
MGCC established set points (techno & economical)

MC & LC execute the set points to obtain regulate

active and reactive power and best service

respectively
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CERTS MICROGRID

Peer-peer control, any
device can connect or
disconnect independently

Operation of generators is
locally controlled by droop

Energy manager 1s to give
1nitial set points

High intelligence level 1s
required

Unit output power control

(UPC)
Feeder flow control (FFC)

Conventional Loads
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BOSTON HOLIDAY PARK MICROGRID —
MORE MICROGRIDS PROJECT
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RESIDENTIAL MICROGRID OF AM STEINW ECEmiims
IN STUTENSEE- GERMANY.

101 apartments are linked to the microgrid with PV and
CHP as sources
System 1s operated using power flow and power quality

management system
Centralized controller and several decentralized interface
boxes
Communication used i1s TCP/IP

% 35kWp 880Ah
20KkV/400V _PV:I Battery |
400KVAV

CHP
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THE KYTHONOS ISLAND MICROGRID -
GREECE
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DC LINKED MICROGRID

PV Control
MPPT
Battery Voltage Limit

Battery 1s responsible
for transient operation

AC Load

DC/AC
Inverter

Layer 2

DC Voltage Bus
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Fuel cell operates in

steady state mode MPPT

Boost
Converter

Battery

DC/AC
Converter

Fuel cell 1s turned off

when battery is fully

PV Array

Fuel Cell

charged

Layer 1

DC Load




DISTRIBUTED GENERATION IN

SUNDARBANS

Number Capacity Household | Population

Benefitted | covered

Solar Power 1005 kWp 5,010 26,720
Plant
Wind Diesel 1 740 kW 1,200 6,000
Hybrid
System
Biomass 3 1400 KWe 1,800 10,800
Gasifier

Power Plant




SOLAR PV PLANT IN KAYLAPARA

Largest off-grid 120kWp solar PV plant in India
(2005)

Plant caters to 500 consumers

Designed and owned by WBREDA, maintained
by BHEL

150Wp polycrystalline solar cell, 800 modules
Distribution line of 3km length, 440V

Inverter
4x30 kVA (240dc/415vAC), 93% FL efficiency



WIND-DIESEL HYBRID POWER PLANT —
SAGAR ISLAND

The country's first Wind Diesel Hybrid Project
has been set up at Sagar Island of South 24
Parganas District.

Wind generators (each 556kW) have been installed
along with 2 nos. 180 KVA Diesel Generators.

A controller has been developed to ensure 100%
wind penetration in the diesel grid



WIND-DIESEL HYBRID POWER PLANT —
SAGAR ISLAND
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OFF-GRID SOLAR PV POWER PLANTS IN
INDIA

10268 kW

Candhinigar o
UJARAT
ENLA

Sanctioned/Completed as on 31.08.2010
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POWER MANAGEMENT IN MICROGRIDS

Grid connected systems
DG shall maintain a constant power output as the power
mismatch are compensated by the main grid.

Unit output power control

DG 1s constantly controlled to supply power according to
the reference

Droop control (P-f) is employed

When the load increases, DG output power increases and
frequency decreases
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The power in feeder is manipulated according to flow
reference - Feeder droop control

When load increases during grid connected operation, the
DGs increase output to maintain a constant feeder flow

Some of the DGs are excessively loaded during transition

Mixed control
Combination of UPC anf FFC



DROOP CONTROL IN MICROGRIDS

Power transfer between two nodes

VE . E
P=—"sind =—(E-V coso
. Q . ( )

S S

Real Power Vs Frequency droop Control
f—1, =—k, (P - Po)

Reactive Power Vs Voltage droop Control

\ _VO = _kq (Q _QO)
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POWER SHARING IN DG’S

o At steady state, the active power flow is always
from the source with higher frequency to the
other with lower frequency, before the connection
takes place.




UNIT POWER OUTPUT CONTROL (UPC)

The power injected by the DG 1is regulated to P

ref
Power injection is calculated from V and I and fed
back to the generator controller (GC)

In autonomous mode, the DG follows (P-f) droop
curve to maintain load balance

f new _ f old . KU (Pnew . Pold)
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FEEDER FLOW CONTROL (FFC)

DG output 1s controlled to maintain active power flow
in the feeder (FL,;;,,) constant, irrespective of changes
1n load

Microgrid resembles a controllable load from utility
point of view.

In autonomous mode: Flow versus frequency droop
characteristic 1s used:
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CASE A: LOAD INCREASE - GRID
CONNECTED SYSTEM

The feeder flow shall

remain constant

The generator (DG)
Increases 1ts output to
cater to the new load
requirements

: FL,, §=60
Main 14/ TPDG=40 l
Grid E_a

Load
( DG> =100 -
40 60

New Load
=120 kW




CASE B: ISOLATED SYSTEM — LLOAD
INCREASES

During i1solated
system, frequency
changes only 1f DG f1

cannot maintain

feeder flow. —>

Feeder flow 1s Zero, 1n

the case of FFC
FLLine
=
N Mo l i
Grid — . A :
Loadé - >
@ = 120; 100120 Pbg
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CASE C: LOSS OF MAINS

The feeder flow 1s zero at
this new condition and
hence power flow
measured by DG 1s Zero.

DG increases its output : >
from 40 kW to 100 kW to 0 50 FLiine
compensate the

decreased feeder flow

Load

L] ] )
@ Ppe =100 40 100 ppe
PDG, new — 100 =40




BLOCK DIAGRAM - ACTIVE POWER CONTROL

Droop Control

£ KU(KY)

Output Limit Control

Pref(FLref)

Id ref
| o ref

PI controlldg



POWER SHARING — MIXED
CONFIGURATION

DGs operate in UPC Mode
DG, operate in FFC mode others in UPC mode
DG, and DG, operate in FFC and others in UPC

ErTRETE
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ANALYSIS

Power from grid is constantly changing with load
in UPC mode

When microgrid is 1solated, DGs adjust their
output until they reach a new steady state -
Result in change in frequency

In Islanded operation, frequency is always
changing in UPC mode which 1s harmful for loads

In case of microgrid with single FFC
configuration, the DG size should be dominant

The power picked up by the DG’s 1s not uniform
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