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» Operating a power system with very high levels of inverter-based resources (IBR) requires careful analysis of the
system reliability attributes to ensure a safe and reliable operation during normal, emergency, and islanded system
conditions.

= This study evaluated nine portfolios across 8 reliability metrics involving 14 measures. The study focused on the year
2030 for all quantitative analyses. The goal is to assess the ability of NIPSCO to reliably serve its baseload within its
service territory:

- Under normal operating conditions, NIPSCO is strongly tied to MISO and PJM’s systems and relies on MISO for dispatch of its

resources, the balancing of its energy requirements, and the control of frequency. Areas of reliability assessment focused on:

- deliverability of dynamic reactive power to load centers, short circuit strength, predictability of portfolio output, and the increased need
for regulation reserves.

- Under emergency market conditions, such as max gen events, the areas of reliability assessment focused on:
- exposure to energy imports.

- Under islanded conditions, the reliability assessments focused on:

- blackstart and restoration, short circuit strength, ability to control frequency (inertial and primary frequency response), ramping
capability, and energy adequacy to serve the critical demand of customers.

= The portfolios were ranked from a reliability perspective. The top 5 portfolios with the least levels of reliability
concerns across the various metrics are in order: F, I, C, E, and H.
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= Reliability concerns were identified for each portfolio, especially under emergency and islanded conditions, and
mitigation measures were identified as follows:

- Stand-alone energy storage should have grid-forming inverters (GFM) with additional capabilities including blackstart and
fast frequency response (FFR). GFM inverters are not widely used today in the US market, but the technology is available
and is recommended for portfolios with high penetration of IBRs.

- Gas peakers and combined cycle units in portfolios C, F, and | should have blackstart capability.
- The provision of additional energy storage resources in some portfolios.
- Specifications of short circuit ratio (SCR) of inverters not to exceed 3.

- Provision of additional synchronous condensers to increase the grid’s short circuit strength ranging from 0 to 802 MVAr.

» Areas not covered by this study:

« The study assumed that any required grid upgrades will be implemented as part of MISO interconnection process, and thus
excluded the analysis of portfolio deliverability.

- The study assumed the IRP process produced portfolios with sufficient capacity to assure meeting the LOLE target of 0.1
days/year, and thus excluded the analysis of resource adequacy.

- All reliability assessments in this study applied screening level indicative analyses. Detailed system studies are essential and
should be conducted to properly assess system reliability of the short-listed Portfolios.
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Impact of Inverter Based Generation onto Protection:8ystemc aces per AR 9G)

Declining Inertia of the power system

+ The frequency change is important in regard to the stability of protective relays during power swing conditions.

+ In more extreme cases of system frequency changes, it may even impact the protection relay algorithms to a degree that an over or under frequency event can
be erroneously caused.

+ The requirements onto maximum fault clearing time are a function of the system inertia

Reduced short circuit current (fault level)

+ The inverter-based fault current contribution to short circuits is limited by the electronic controls of the inverters. The level may vary between control designs
but would typically be in the order of 1.0 — 1.5 times nominal current. This will cause sensitivity issues for protective relays where they may fail to operate, or
their operation will not be properly coordinated.

Different negative sequence fault current contribution

+ Inverter contribution of negative- or zero-sequence current to a fault depend to inverter type and generation. Protection schemes that rely on negative

sequence current are impacted. (directional elements, over current elements)
Changed source impedance characteristic

+ The source impedance of an inverter-based generator during a fault is determined by the control algorithm of the inverter and does not need to be inductive.
This may affect and challenge correct operation of the cross- or memory polarisation functions of protection relays.

Missing model of inverter-based generation

+ The characteristic of inverters is mostly determined by the control algorithm selected and developed by the manufacturer. The behaviour of inverters from
different manufacturers can be different in response to the fault current. the correct modelling of inverter-based generation inside of short circuit programs
used for protection studies is challenging. This is even more a challenge for aggregated inverter-based generation that’s consist of different power sources like

wind generation type 3, type 4 or solar panels.
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50/50 Forecast

A B C D E F G H [

Peak Load MW 2,284 2,284 2,284 2,284 2,284 2,284 2,284 2,284 2,284
Annual Load GWh 11,079 | 11,0/9 | 11,079 | 11,079 | 11,079 | 11,079 | 11,079 | 11,079 | 11,079
# Import Hrs 623 124 90 1,310 102 136 1,618 159 127
Import Hrs % 7% 1% 1% 15% 1% 2% 18% 2% 1%
# Potential Export Hrs 4,847 8,139 8,311 4,124 3,352 6,658 3,942 2,710 4,211
Export Hrs % 55% 93% 95% 47% 38% 76% 45% 31% 48%
Import GWh/Yr 95 17 11 232 14 18 317 24 17
Import Energy (% load GWh/yr) 0.9% 0.2% 0.1% 2.1% 0.1% 0.2% 2.9% 0.2% 0.2%
Max Import MW 715 467 410 865 440 475 918 511 465
Max Import (%Peak Laod) 31% 20% 18% 38% 19% 21% 40% 22% 20%

* The portfolios can be ranked as to their ability to serve the load as follows: C/E, B/F/H/I, A, D, G

* This analysis measures the level of energy deficit should MISO declare Emergency max gen event, whereby all
resources aside from the ones owned or contracted by NIPSCO are unable to deliver additional power to the market.

* The analysis simulates the need for energy imports, after accounting for all resources in the portfolio including energy
storage and resources outside NIPSCQO’s service territory. The analysis uses the 50/50 load forecast.

* Notes: All the resources in each portfolio (inside and outside of service territory) in addition to all other existing and

planned resources are assumed to continue serving NIPSCO load; Energy storage is assumed to have 4 hours of
capacity.
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I ne rtl a I Respo nse —PO rthI 10 Ra n k| ng Excluded from public access per AR. 9(G)

Normal System (Connected) Islanded System
. . Required e
On-Line | On-Line ?:e:t'c?: ?:e:t'c?: :t'l‘:;g‘; FreFZS:nc RoCoF RoCoF | RoCoF | Gap RoCOF | RoCoF | Gap |Mitigation ':‘ld':icr’;':'
Portfolio| Gen MVA | Gen MVA MVA-s MVA-s ng Re:lponsey Limit Normal | Normal | Inertia Islanded |Islanded | Inertia BESS BESqS GEM
. . : : 1
(v2021) | (Y2030) (v2021) | (v2030) | (v2030) | (MW) Hz/s (v2021) | (Y2030) | (MVA-s) (Y2021) | (Y2030) | (MVA-s) (G'\;VMV | (MW)
A 2,236 757 6,845 3,218 270 377 1.00 0.04 0.08 0 2.61 12.74 | 15,960 425 155
B 2,236 757 6,845 3,218 135 242 1.00 0.04 0.07 0 2.61 12.40 | 15,592 412 277
C 2,236 1,573 6,845 6,729 135 359 1.00 0.04 0.07 0 2.61 2.90 15,485 292 157
D 2,236 757 6,845 3,218 270 377 1.00 0.04 0.08 0 2.61 12.89 | 16,121 430 160
E 2,236 757 6,845 3,218 605 712 1.00 0.04 0.07 0 2.61 12.55 | 15,753 418 0
F 2,236 1,169 6,845 5,116 270 441 1.00 0.04 0.07 0 2.61 4.51 15,592 349 79
G 2,236 690 6,845 2,931 270 368 1.00 0.04 0.08 0 2.61 17.57 | 16,174 441 171
H 2,236 690 6,845 2,931 705 803 1.00 0.04 0.07 0 2.61 16.85 | 15,603 422 0
| 2,236 1,013 6,845 4,397 505 652 1.00 0.04 0.07 0 2.61 5.95 15,603 374 0

GFM : Battery Energy Storage equipped with Grid Forming Inverters

The portfolios can be ranked based on the available fast frequency response capability within NIPSCO service
territory: H, E, I, F, D, A,G,C, B

All portfolios do not violate the inertial response threshold during normal interconnected operations

During islanded operations:

- Portfolios E, H, and | can meet the inertial threshold if 69%, 60%, and 74% of their storage is equipped with grid forming
(GFM) inverters with inertial response functionality.

- Other portfolios require additional storage in addition to equipping all their planned storage with GFls.

Ranking of Portfolios: |, E,H,F, A, C, D, G, B
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Excluded from public access per A.R. 9(G)

Islanded System

Installed | Installed Energy On-Line | On-Line | Primary . Required | Requied
. . Freq Nadir Freq Freq
. _|Generation|Generation| Storage | Reserves | Reserves Freq . . Gen Storage |Load Drop
Portfolio Threshold Nadir Hz | Nadir Hz
MW MW MW MW MW Response (Hz) (v2021) | (¥2030) Resources | Resources (MW)

(Y2021) (Y2030) (Y2030) (Y2021) Y2030) (MW) (MW) (MW)
A 1,830 598 270 -428 16 225 0.50 16.87 0.88 1,116 259 673
B 1,830 598 135 -428 -445 113 0.50 16.87 1.70 1,756 387 999
C 1,830 1,248 135 -428 123 113 0.50 16.87 1.64 1,070 380 432
D 1,830 598 270 -428 140 225 0.50 16.87 0.88 1,122 260 549
E 1,830 598 605 -428 149 504 0.50 16.87 0.41 0 0 875
F 1,830 898 270 -428 -10 225 0.50 16.87 0.88 766 249 699
G 1,830 545 270 -428 128 225 0.50 16.87 0.88 1,180 261 561
H 1,830 545 705 -428 228 588 0.50 16.87 0.35 0 0 897
I 1,830 791 505 -428 274 421 0.50 16.87 0.48 16 19 651

On-Line Reserves measured at peak load inside NIPSCO

Online Reserves include generation and energy storage resources in excess of net load inside NIPSCO area

* The portfolios were simulated to assess the level of frequency drop in response to the sudden loss of 420MW of generation. The
simulations were conducted when the system was in normal interconnected modes and did not find any reliability issues with any
portfolio. However, when the system was simulated under emergency operation in islanded mode, several portfolios experienced
frequency violation of the nadir dropping by more than 0.5Hz potentially triggering under frequency load shedding schemes.

* The analysis continued to quantify the level of additional fast response requirements from storage systems to mitigate the reliability
violations.

* Note: The analysis assumed a droop of 5% for conventional assets, and 1% for storage assets, all limited by the resource ramp rates.
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Dynamic Reactive Power and Distance to Lo@gled from public access per AR. 9(G)

A B C D E F G H I
Qload (MVArs) 1,208 1,208 1,208 1,208 1,208 1,208 1,208 1,208 1,208
Qload (Load pu) 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335
Synch Condensers (MVAr) 0 0 0 0 0 0 0 0 0
Pgen (MW) - Total 2,564 1,829 2,379 2,714 2,448 2,264 2,764 2,748 2,742
Qgen (MVAr) - Total 1,118 797 1,037 1,183 1,067 987 1,205 1,198 1,195
Impedance: Gen to COL (system pu) 0.0455 0.0528 0.0433 0.0446 0.0427 0.0430 | 0.0433 0.0410 | 0.0439
Deliverable Dynamic VAR (MVAr) 658 414 514 704 630 568 725 731 724
Ratio of Deliverable MVArs to Qgen 59% 52% 50% 59% 59% 58% 60% 61% 61%
VARs/Impedance (System pu/pu) 246 151 239 266 250 230 278 292 273
VARs/Impedance (load pu/pu) 19% 12% 18% 20% 19% 18% 21% 23% 21%

For each portfolio, the total resource active and reactive power ratings are calculated, along with the electrical distance (i.e.,
impedance) to the center of load (COL), and the amount of dynamic reactive power that can be delivered to the load centers after

accounting for reactive losses along the distance.

The analysis shows that only 50%-61% of the reactive power that is generated by the resources can actually be delivered to the load
centers. Portfolios with higher percentages are closer to the load centers.

c@
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*= The electric power industry has documented over the past decade an expected change in the hourly load profiles as
intermittent renewable penetration of solar and wind resources increases. This has been dubbed the “Duck Curve”.

= System operation is challenged during periods of high-power ramp rates. This has prompted CAISO and later MISO to adopt
a new ancillary service product called Ramping Product, with the objective of acquiring fast ramping resources that can be
committed and dispatched rapidly to balance the system supply and demand during these periods of high-power ramps.

*= Power ramps can occur at different time scales:

 Intra-hour ramping: intermittency of renewable resources due to cloud cover or wind bursts. These ramps can be
quantified at a second, minute, 5-min, and 10-min basis. These ramps can be mitigated by procuring additional fast
regulation reserves including energy storage.

« Hour to hour: changes in power output between two consecutive hours.

« Multi-Hour during a day: sustained increase or decrease in power output across several successive hours in a day.

* Hourly and daily power ramps can be partially mitigated by properly forecasting and scheduling these ramps in the day-
ahead and real-time markets. However, any unscheduled hourly ramps will affect control area performance and have to be
mitigated within the control area. Energy is scheduled with MISO in the day-ahead hourly market and in the real-time 5-

minute market. Schedules are submitted up to 38 hours ahead of the actual hour time for the day-ahead market and 30
minutes for the real time market.
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Net Load Power Ramps (Y2030 vS Y2020 Jexcluded from public access per AR. 9(G)

Excess Ramping

90th Percentile Capability (MW)

Resources insdie NIPSCO service territory only; Peaker/Storage includes stand-alone storage and 50% of flexible combined cycle capacity

2020 24

1,374
1,224
1,124
1,524
1,374
1,224
1,574
1,374
1,374

— T O MmO m@™>

406
606
606
606
606
606
606
606
806
806

(MW)
1,044
1,540
1,368
1,305
1,666
1,490
1,368
1,708
1,518
1,518

-852
-1,450
-1,163
-1,101
-1,576
-1,255
-1,163
-1,618
-1,394
-1,394

306
558
445
430
605
468
445
621
522
522

-222
-413
-413
-413
-413
-413
-413
-413
-497
-497

155
270
135
460
270
605
570
270
705
698

37
363
281
262
392
309
281
401
325
325

Balancing areas are required per BAL-003 to comply with CPS1 and CPS2. CPS2 is a monthly standard intended to limit unscheduled
flows. It requires compliance better than 90% that the average ACE will remain below a threshold over all 10-min intervals in the month.
For a balancing area with a peak load of 2500MW, the threshold is around 37MW. NIPSCO is a local balancing area under MISO but does

not carry any ACE performance requirements currently.

A small percentage (=30%) of the hourly ramps in Net Load can be forecasted an hour ahead using a persistent forecast method and thus
scheduled in the real time market. Example, Portfolio E has total 1-hour ramp up of 468MW while its forecast error is 309MW, or 66%.

The unforecasted changes in renewable resource outputs should be mitigated using fast ramping resources.
Portfolios ranked according to their ability to mitigate the unforecasted power ramps from best to worst are: H, |, E, F, C. Other

portfolios require additional flexible ramping resources to mitigate the impacts of the renewable power ramps.
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Importance and Impacts of Short Circuit Strength trom public access per AR 9G)

Importance:

Short Circuit MVA (SCMVA) is a measure of the strength of a
bus in a system. The larger SCMVA, the stronger the bus. That
indicates the bus is close to large voltage sources, and thus it
will take large injections of real or reactive power to change its
voltage. SCMVA changes depending on grid configuration and
on-line resources. The lowest SCMVA is usually utilized for
engineering calculations.

When IBRs are interconnected to a system, it is desirable to
maintain a stable bus voltage irrespective of the fluctuation of
the IBR’s output. Similarly, grid following (GFL) inverters rely on
stable voltage and frequency to synchronize to the grid using
their phase locked loops (PLL).

The maximum allowable size of IBR desiring to interconnect to a
bus is limited to a fraction of the bus’s short circuit MVA, say
less than 20-50%. This is expressed as Short Circuit Ratio (SCR)
of the ratio of SCMVA to the rating of the IBR. This will
translate to SCR of 2-5.

When multiple IBRs are interconnected at a close electrical
distance, their controls interact, and the impact of system
voltages will increase. Thus, a modified measure was adopted
to be ESCR (Effective SCR) to capture this interaction.
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Impact:

When conventional power plants with synchronous generators
are retired and/or the system tie-lines are severed, the short
circuit currents will dramatically decline. IBRs are not a
substitute because their short circuit contribution is limited,
and also the phase of their current (real) is not aligned with
typical short circuit currents (reactive).

Declining SCMVA and increasing IBRs will eventually violate the
ESCR limits, requiring either a prohibition on additional IBR
interconnections, or provisioning additional mitigation
measures.

Mitigations can come in the form of optimal placement of IBRs
to avoid clustering them in a manner that violates the ESCR
limits, provisioning synchronous condensers, or requiring
inverters to have grid-forming (GFM) capability.
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Placement of IBRs in Portfolios A to |
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1®

Bus Bus Name kV  Closeby Bus Project Typ ICAP(MW) - A B C D E F G H |
Power flow
255504 : 17J837_INXRD i 0.7 Reynolds iIndiana Crossroads Wind 200
255506 : 17J838_INXRD i 0.7 Reynolds iIndiana Crossroads Wind 100
255205 17REYNOLDS : 345 Reynolds iIndiana Crossroads Solar 224
3 TAP1 345 TAP1  (Cavalry S+S 200
255490 : 17J643-DUNNS : 0.7 RMSGS Dunn's Bridge 1 Solar 165
255510 i 17J847-DUNNS i 0.7 RMSGS Dunn's Bridge 1 Solar 100
255110 17SCHAHFER | 345 RMSGS Dunn's Bridge 2 S+S 435
255205 17REYNOLDS : 345 Reynolds Greensboro S+S 100
255205 | 17REYNOLDS | 345 Reynolds Brickyard Solar 200
255205 i 17REYNOLDS : 345 Reynolds Green River Solar P2 200
255205 i 17REYNOLDS : 345 Reynolds Gibson Solar P2 280
255205 i 17REYNOLDS i 345 Reynolds iIndiana Crossroads Il Wind 200
255205 17REYNOLDS : 345 Reynolds iIndiana Crossroads S+S P1 200
255106 | 17LEESBURG 345 Leesburg Fairbanks Solar 250
255106 i 17LEESBURG 345 Leesburg Elliot Solar 200
255205 i 17REYNOLDS : 345 Reynolds ProjectA Wind P1 200
255130 ;17GREEN_ACRE; 138 :Green Acres ProjectB Storage A2 150
255180 i 17STILLWELL : 138 Stillwell ProjectC Storage P2 131
255151 { 17LUCHTMAN : 138 | Luchtman ProjectD Storage P2 125
255149 | 17LK_GEORGE | 138 Lake GeorgeProjectE Storage P2 62.5
255159 | 17MORRISON | 138 = Morrison ProjectF 5+5 P1 205
255205 17REYNOLDS 345 Reynolds ProjectG S+S P1 150 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
255110 i 17SCHAHFER | 345 RMSGS SCHAFER-A 650 300 193
255100 i 17BABCOCK 345 Babcock
255235 17BAILLY-8 22 Bailey8
Outside Nipsco! 434
Sub-Total (MW) 4,810 4,509 4,625 4,960 4,694 4,510 5,010 4,994 4,988
CcC Solar S+S ESS Planned | Qutside .
Peaker T T 7 A [T
QUANTA
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= An islanded NIPSCO system is modeled including 2 synchronous condensers.
= System Zbus matrix is calculated, and the Interaction Factor matrix is derived.

= The Effective Short Circuit Ratio (ESCR) is calculated at each bus to assess the strength of the system
to integrate the combined planned and Portfolio IBRs.

= |f the ESCR is above 3, the Portfolio is deemed satisfactory from a short circuit strength perspective.

= Otherwise, additional synchronous condensers are placed in the system and their sizes optimized to
enable full integration of the Portfolio resources (not withstanding potential violations of other
planned resources outside of the portfolio).

= The portfolios are compared based on the total MVA of the synchronous condensers that will be
required to mitigate short circuit strength violations.

= Three sites for synchronous condensers were selected based on the system topology:

17REYNOLDS, 17SCHAHFER, and 17BURR_OAK

= NOTE: This is a screening level analysis and is not accurate but indicative. Detailed system studies
should be conducted by NIPSCO to assess the selected Portfolio in detail.
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C h eC k Batte ry Ra ti 1] gs Excluded from public access per A.R. 9(G)

= Upon closing the breaker between the battery and the 0.4/34.5k 150MVA transformer, the inrush
current is around 47kA on the 0.4kV side which translate to a rating of 33MVArs from the inverters.
This level of inrush current is within the capability of the system. Note that the inrush current will
depend on the breaker closing time and strategy.

= The inrush currents of energizing the 34.5/138kV transformer, the 18mile 138kV line, the 138/22kV
step down transformer, and then the pony motor were 262A, 105A, 48A, and 491A on the 34.5kV,
138kV, 138kV, and 22kV respectively. The implication on the rating of the battery inverters is lower
than the 33MVArs.
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Blackstart Capability - Qualitative Assessment of Portfolios! aces per AR 9G)

= Given the very short time permitted to complete this study, proper quantitative assessments are not
feasible. The following are considerations for a qualitative assessment:

- Portfolios that do not have energy storage systems with GFM inverters and do not have Peaker Plants with
blackstart capability cannot be started. So, Portfolios B will fail.

+ Portfolios that have 135MW and higher of energy storage with GFM inverters appear (from the expedient
cursory analysis) to have the capability to blackstart the synchronous condensers. This applies to portfolios
(D-1). Portfolio C, if its peaker plant is equipped with blackstart capability should also be able to start.

+ Portfolios without peaker plants will have a limited time to energize the system (depending on the state of
charge of the batteries). Larger batteries are better. During this period, they can attempt to start facilities with
solar+storage first, and then solar, and then wind near the major load centers. The synch condensers provide

the reactive power, and the battery stabilize the frequency.

= From a risk perspective, it appears that the follow is the ranking of the Portfolios:

« Fand |l are the best. They have both peaker plants and storage.

« Cnext.

» E, H next due their large storage size
« @G, D, Anext

- B fails to blackstart.
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