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Introduction KER/

*IBR: Inverter-Based Resources

Power Grid Transformation

Conventional power systems
are centralised
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decentralised power system
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Challenges due to Increased IBRs (1) KERI

Frequency Stability Issues

Reduction in system inertia
(Replacement of SG with IBR)

Reduced time to respond to
frequency changes

Increased UFLS activation

Increased possibility of
blackouts due to protective relay
activation
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v" Inlreland, Texas, and South Australia, where IBR penetration is high, frequency stability
problems occur during certain times of the day.

v Smallisland power systems such as New Zealand and Hawaii already face low inertia-

related challenges.



Challenges due to Increased IBRs (2)
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S

Stability Issues in Weak Grids

Control instability

+» Failure to ride through disturbances

s+ Converter control interactions

Failure to ride through

Unstable recovery
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Research Objective KERI

* GFM-based virtual inertia control technology — improving frequency stability
¢ Distributed operation — Operation system without Central EMS

e * ROCOF: rate of change of frequency
Inertia
response
.|, Governor response
) Primary response Secondary response
- - -« >
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Overview
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GEM-based inverter and distributed operation technology
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Conventional Microgrids

* Centralized EMS

+ Single grid-forming source(e.g. diesel,
CVCF ESS)

 Grid-following inverter-based
resources

» Requires complex infrastructure and
communication

« It has a single point of failure, as a
malfunction in the central controller
can disrupt the entire system

Advanced Microgrid(Proposed technology)

« Distributed Operation without

%é%w' (G Centralized EMS
EJ. - el e » Multiple grid-forming inverter-based
! resources
g | zenE BeE * More flexibility and scalability
- » More reliable as there is no single
. ? point of failure
SSTHER » Lower initial setup and operational
costs




GFM-based VSG for ESS

AC bus
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Converter-based ) L
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Test of GFM-based VSG(H/W)
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GFM Control Strategy for PV-Inverter KERI

s Classification of control Strategy for PV-inverter R ; e .

= DC link capacitor [ n E )P

= Energy storage system

= MPPT curve DC-link capacitor Inertia Emulation
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GFM-based PV-VSG KERI

Virtual Inertia Technology for PV system

s PV system — DC/DC converter + AC/DC converter %-—gg-u—l—m_l_wmpm
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Load1 PV1 Load2 Load3 PV2

= AC/DC converter. Synchronous generator Before | Forming  MPPT MPPT

‘o k After Forming Forming Forming
44} 4;

L
y # o - .
— L L yd _®

.......................................................................

Virtual inertia LTI A L[] |
P, technology S L A 2 T
pma 7 -
Inertia
enerqy“ .Pout
PUdcmin [ ,_“” ésecr T - o ST V-‘ E"t
Mover Generator I =t
[ A — .1 600

T U “U  <concept of virtual inertia for pv system>



Structure of Distributed Operation Algorithm
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Distributed Operation Algorithm KERI

\/
¢ Distributed control algorithm based on diffusion algorithm A Cost /(%) = a* P2 +b*P +¢
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HIL-based Test Environment KERI

L —
¢ Distributed control technology for microgrids
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Centralized vs distributed control

<ESS SOC>

KERI
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Pilot Plant (1)

Distributed Operation system
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Pilot Plant (2) KERI
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Monitoring System

OVERVIEW jad e s D e Bt
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Black Start Test
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Experimental Scenario
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% Case 0

= With/without virtual impedance

% Case 1 (single GFM inverter and the others GFL inverters

= | oad reduction & increase

= Single GFM tripping

% Case 2 (multiple GFM inverters with virtual inertia)

= | oad reduction & increase

= Single GFM tripping
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Test Results — Single GFM & Multiple GFL KERI
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Test Results — Multiple GFM Inverter KERI
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Test Results — Multiple GFM Inverter
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s GFM inverter-based DG trip

= Scenario : The load amount is the same and DG is tripped sequentially

The frequency and voltage can be maintained even if some DG trips because voltage is generated form

[
multiple voltage sources.
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Incremental cost

Test Results — Distributed operation function KERI
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Conclusion KERI

Autonomous Operation
using distributed strategy
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