=2l

Benefits of Advanced Grid
Support in Stability
Consirained Areas

Deepak Ramasubramanian

dramasubramanian@epri.com

ESIG Spring 2025 Technical Workshop
Austin, TX

March 18, 2025



http://www.epri.com/
https://www.facebook.com/EPRI/
https://twitter.com/EPRINews
https://www.linkedin.com/company/epri
mailto:dramasubramanian@epri.com

Characterization of Advanced Grid Support (AGS) from IBRs
= An IBR is said to provide AGS if:

.Voltage and frequency control is prioritized in ! Network support
s functionality in
| sub-transient and transient time scales : I

~"In Qvs V frequency scan, between 4 to 40Hz
around nominal: Network support

= near constant gain, @m=====functionality in
frequency domain
= phase closer to 180 degrees
“(Inwvs P frequency scan: !
| |
= up to a cutoff frequency |
|

|

: tant oai Stability and

: — near constant gain, I_ robustness
'~ phase between + 45 degrees ' property in
: frequency domain
|

|

I
= above cutoff frequency |
1 | The exact control architecture used

| lO_V! gainn_ _ __ o _____ / within the inverter unit does not matter

Ask me about EPRI, ESIG, and UNIFI work on these topics when characterizing AGS capability
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Deploy AGS - IBR to help relieve stability constraint



Example 1: Potential use of AGS - IBR in ERCOT Area

- Three wind farms and a solar farm are connected to 138 kV

Bus 3 —O WF3 w2 @ SyStem
System

38 - N-1-1 contingency (marked by dashed lines) disconnect all farms
138 kv SF1 from the power system leaving only one exit path
138 kv
e O - Total generation capacity is nearly 440 MW
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N. Ekneligoda, R. O'Keefe, and D. Ramasubramanian, “Case Studies of the Stability Benefit of Grid Forming Inverters on Energy Storage Facilities,” 2023 Grid of
the Future Symposium, CIGRE US National Committee, Kansas City, MO, 2023
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Example 1: Potential use of AGS - IBR in ERCOT Area (cont’d)
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N. Ekneligoda, R. O'Keefe, and D. Ramasubramanian, “Case Studies of the Stability Benefit of Grid Forming Inverters on Energy Storage Facilities,” 2023 Grid of
the Future Symposium, CIGRE US National Committee, Kansas City, MO, 2023
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Locate AGS - IBR to help relieve stability constraint



Example 2: Where to place AGS - IBR in the Midwest?
| ; |
|
-

= A region has high |
levels of wind l ANY
generation which I=7./v 1
subsequently i e 5
leads to stability ql L :
constrains during s
N — x events.

= The interconnection queue near the region has numerous BESS that
could potentially be used for AGS capability.

= Would these BESS be able to provide benefit?
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Example 2: Where to place AGS - IBR

In
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the Midwest?

The BESS from the
interconnection
gueue are not well
positioned to provide
support to this region
Hence, even if AGS is
enabled on these
BESS, the stability
constraint would
persist

Novel screening
metrics are of great
use here

To obtain maximum benefit
from AGS, a new location has to
be chosen in the region, where

the strength is improved

Remaining available MVA matrix for Contingency A _— T
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AGS - IBR having improved damping capability

« Comparing three . R
different OEM IBRs -
- Without AGS - 0 I [ [ | [ D [
potentially large
negative damping

-150

improved damping

~ AGS |IBR2 —further
improved damping

-300

—MNo_AGS AGS_IBR1 =—AGS_IBR2

[ Will a network with known SSR risk automatically benefit due to this IBR with AGS? ]
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Single line diagram of a test network

= A test 18 bus network is used
for the evaluation

= Network is set up with

[ i 2 v
following key components: ey

5 e
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Initiation of the oscillation and potential mitigation

= Oscillations are initiated
when line between buses
2 —3is tripped (or is on

outage). (%)

= Let’s assume that existing

IBR at bus 7 {

) decides to

add a co-located 100 MW
BESS with AGS capability
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What does the Type lll wind “see” with and without

additional BESS?

= Crossover frequency =
46Hz (where the
resonant mode
appears)

= with AGS BESS, the
Type lll wind “sees” a
lower value of
resistance

Presence of IBR with AGS capability
potentially lowers the damping of this
mode

18

0.12

0.1
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Without BESS

With AGS BESS
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Time domain results with and without AGS BESS

= With the AGS BESS in the network, a ‘run-away’
instability occurs (see pointer on orange curves)

= The presence of an IBR with AGS capability does
not automatically imply increased damping in the
network.
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Time domain results with BESS, with and without AGS

R_puvs freq

= BESS with AGS can bring about
improvement in damping

o

.12

compared to BESS without AGS ...

= But, BESS with AGS may not

(0]

Without BESS

AN —

S~

BESS with AGS

BESS without AGS

automatically always imply

improvement in damping

0
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Key takeaways

= Exact type of IBR control architecture is not important when
defining AGS capability for an IBR

= An IBR with AGS can provide improvement in performance in local
regions and pockets

= Exact location/bus where the IBR with AGS connects is important
to ensure value proposition in the system

— Automatic improvement of system dynamic performance, especially with
existing challenges, are not always guaranteed
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