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Presentation Outline Survalent.

« The proliferation of distributed energy resources (DERs) presents opportunities and
challenges to distribution grid operators.

« The National Renewable Energy Laboratory (NREL) and Survalent are collaborating
to demonstrate advanced distribution management system (ADMS) and DER
coordinated capability to assist utilities to increase resilience and reliability.

- ADMS and Distributed Energy Resource Management System (DERMS)
Coordination for Peak Load Management (PLM)

- Fault Location, Isolation, and Service Restoration (FLISR) in the Presence of
DERs

- Grid-Edge Intelligent Distribution Automation System for Self-Healing
Distribution Grids.

« These laboratory demonstrations use NREL's ADMS Test Bed.



ADMS Test Bed

Goal: Accelerate industry adoption of ADMS
to:

 Improve normal operations with high levels
of DERs.

« Improve resilience and reliability.

Approach: Partner with utilities and vendors to
evaluate specific use cases and applications to:

« Set up a realistic laboratory environment.

« Simulate real distribution systems.

* Integrate distribution system hardware.
 Use industry-standard communications.

 Create advanced visualization capability.

Survalent.

Other Utility Management Systems

ADMS Test Bed
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Simulation

Scenario Generation |

https://www.nrel.gov/grid/advanced-distribution-management.html

l Analysis and Visualization



https://www.nrel.gov/grid/advanced-distribution-management.html

ADMS Test Bed Survalent.
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ADMS and DERMS Coordination for
Peak Load Management



ADMS-DERMS Coordinated PLM

Survalent.

Objective: Evaluate the performance of PLM coordinated across ADMS and

DERMS.

Effectiveness of DERMS in
complementing ADMS
operations

Communications interface
between ADMS and DERMS

Focus on municipal and
cooperative utilities.

m¢ ~~~~~ 8 Other Utility Management Systems
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Evaluation Feeder Survalent.

¥ Substation
¥ PV PCC
¢ LTC/VREG
* PV farm

Partners:

Holy Cross Energy
Survalent
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* 14.4-kV system with an approximate peak load of 11 MW
* 1,100 loads, including 163 all-electric residential loads
* Load tap changer (LTC) at substation, band center 121 V
 Ganged voltage regulator (VREG), band center 123 V. N



Evaluation Configuration Survalent.

Used historical data from December 30, 2019, 4:30 to 7:30 p.m.

- All-electric homes equipped with simulated photovoltaics (PV)
and battery energy storage system (BESS)
- ADMS controlled legacy devices

LTC and VR band centers set by dynamic voltage regulation (DVR)
application

- Prototype DERMS (developed at NREL) controlled PV and BESS

Simulated control managed 1.635 MW of residential PV and an approx.
1-MW/2.7-MWh BESS.



Dynamic Voltage Regulation-Only Scenario Survalent.
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DERMS-Only Scenario Survalent.
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DERMS + DVR Scenario Survalent.
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FLISR in the Presence of DERs



FLISR in the Presence of DERs Survalent.

Objective: Evaluate the performance of a commercially available ADMS FLISR
application in the presence of DERs.

Advanced Distribution Management System (ADMS)

ADMS Test Bed

Partners: i
N atve | ST
— Utility: Central Georgia EMC — ar S

— ADMS: Survalent. Simulation

RS A T T
Evaluate the impact of: m”[[ r—" i\

— DER locations

— Fault locations
— DER trip settings. , , T l
Scenario Generation Analysis and Visualization



FLISR Flowchart Survalent.

Controllable Feeder
Switches Spare Tie Switch
Available Capacity ~ Spare Capacity

Simplified, not showing all possible iterations



Scenario Overview Survalent.

Rural feeders with tie switch Legend

— Energized line

Central Georgia EMC is evaluating 7 = St cosed.
BESS. y m= Switch open
= Form microgrids for improved |
resilience Substation |
. _ _ Reclosers A
= Requires grid-forming (GFM) = S
inverters Ti/ei‘ﬁwitch s
= Two potential locations. S T K
Substation details: Switch 52 752 “ / NS
= 9.2 MW total active power ) *i
= 1,018 loads with 10% small N
commercial '
= 4,045 nodes
]

= 2,760 lines.




Historical FLISR Evaluation Survalent.

Circuit 2 Recloser
L

Legend

Circuit 3 Recloser

B = s1  NO. HTie Switch
Substation y —

S2 m

De-energized line
Energized line
Recloser/switch
Switch closed
Switch open

S3
Substation

Reclosers

Y

A three-phase fault in Circuit 3 occurred on g1 Tie Switch
August 9, 2020, at 9:36 p.m. near the
substation between the Circuit 3 recloser !

and Switch S1. 53

a

Post-fault sequence of events:
- Circuit 3 recloser opens and locks out.
- FLISR opens Switch S1 and Switch S2.
- FLISR closes the tie switch (reenergizes part of the feeder). i



Baseline Load Transfer Operation Survalent.

* Table 1 shows the ADMS FLISR snapshot load transfer analysis portion behind
Switch S1.

— Based on calculated kVA scaled by feeder injection and measured values.

Table 1. Load Transfer Calculations Cfrcuits Recloser
Total Units
Circuit 2 total capacity =~ 13,500 kVA . Circuit 3 Recloser
Circuit 2 current load 725.88 kVA .
- - - Substation -
Circuit 2 spare capacity 12,774.12 kVA s2 u
Load behind Switch S1  2,253.23 kVA
Tie switch capacity 600 AMPS v Load transfer calculations section
Tie switch capacity 9,000 kVA
Table 2. Load Transfer Simulation Measurements
Total Units
e Ta ble 2 ShOWS the SimU Iation Clr(.:wt'z measured power before the fault 0.685 MW
Circuit 2 measured power after the fault 2.896 MW
load transfer measurements. Circuit 3 measured power before the fault 5.272 MW

Tie switch measured power after the fault 2.168 MW



Evaluation Points Survalent.
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Consider two BESS locations: | — ;zzrfsiz;jslvi;tech
 Impact on feeders \ - troposed BESS Location
downstream of BESS Substation g == Suwitch closed
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BESS Partial Load Support—First Location

Circuit 2 Recloser
L

Circuit 3 Recloser

Substation s1 N.O. M Tie Switch Substation
s2 5?‘? Reclosers
0
B1
Pre-fault:
- B1 injects ~750 kW 1 e Swikch

Post-fault sequence of events:

- 25% of 3.0-MVA rating
- B1 in grid-following (GFL) mode.

B

- Circuit 3 recloser opens and locks out.
- B1 opens S3 to form microgrid.

- B1 changes mode to GFM and picks up portion of the feeder during the transition.

- FLISR opens Switch S1 and Switch S2.
- FLISR closes tie switch.
- B1 closes S3 and changes to GFL mode.

Survalent.

Legend
De-energized line

Energized line
Recloser/switch
Switch closed
Switch open
Proposed BESS
location



Load Transfer Operation With Bl Survalent.

e Table 3 shows the ADMS FLISR snapshot load transfer analysis in the presence of
a single BESS for partial load support.

e Table 4 shows the simulation load transfer measurements.
 B1 operation assists by:

* Reducing the load transfer compared to the baseline by ~1 MW
* Avoiding partial cold-start load pickup of Circuit 2.

Table 3. Load Transfer Calculations

: Table 4. Load Transfer Simulation Measurements
Total Units .
Circuit 2 total capacity 13,500 kVA E— Total Units
Circuit 2 current load  708.34 KVA Clr(-:wt'z measured power before the fault 0.685 MW
Circuit 2 spare capacity 12,791.66 KVA .CIFC.UIt 2 measured power after the fault 1.752 MW
Load behind SwitchS1  1,174.79 KVA C.II’CUIt.3 measured power before the fault 3.884 MW
Tie switch capacity 600 AMPS Tie switch measured power after the fault 1.056 MW
Tie switch capacity 9,000 kVA



FLISR Opportunities Survalent.

 What if the feeder capacity or the tie switch capacity were reduced to less
than the transfer load of ~2.2 MW?

— No restoration is possible.
 What if FLISR could dispatch the DERs to reduce the transfer load?
— Provides a pathway to restoration.

Table 1. Load Transfer Calculations kit Rl
Total Units _
Circuit 2 total capacity 13,500 kVA Circuit 3 Recloser
Circuit 2 current load  725.88 kVA = .
Circuit 2 spare capacity KVA R
Load behind S1  2,253.23 kVA 529

Tie switch capacity 6500 AMPS v
Tie switch capacity 9,000 kVA Load transfer calculations section .



FLISR Flowchart With DER Dispatch Survalent.

What if FLISR could dispatch DERs?

Controllable Feeder
Switches Spare
Capacity

Tie Switch

Spare Capacit
Available P pacity
Yes

Yes Yes

No

Utility DERN®  Utility DER | N©

Available Available
No

Alternative
Path

~

A

Simplified, not showing all possible iterations



Load Transfer Operation With B1 Opportunity BEE{az1: 4

 Example: Reduce load transfer by increasing the B1 output to 50% (1.5 MW)
before closing the tie switch.

Table 5. Load Transfer Calculations

Total Units
Circuit 2 total capacity 13,500 kVA
Circuit 2 current load 710.03 kVA Table 6. Load Transfer Simulation Measurements
Circuit 2 spare capacity 12,789.97 kVA Total Units
Load behind Switch S1 341.92 kVA Baseline load transfer 2.168 MW
Tie switch capacity 600 AMPS 25% BESS discharge 1.056 MW
Tie switch capacity 9,000 kVA 50% BESS discharge 0.237 MW
BESS 50% discharge transfer load reduction
(vs. baseline) 1,911.31 KVA
BESS at 25% discharge transfer load reduction
(vs. baseline) 1,078.44 KVA

Bl operating at 50% discharge assists by reducing the load transfer compared to the baseline by ~2 MW and
lightening the demand of Circuit 2. .



Two BESS Partial Load Support Survalent.

Legend
— De-energized line

— Energized line

Circuit 2 Recloser
o

Circuit 3 Recloser Substation — Recloser/switch
Subs.tation s1  NO. M Tie Switch Reclosers mm Switch closed
s2 " : mm Switch open
B2 @) 53D Proposed BESS
B1 location
Pre-fault:
-B1 and B2 in GFL mode Tie Switch

- B1 and B2 each inject ~1.5 MW (50%).

r

Post-fault sequence of events: SN B >
- Circuit 3 recloser opens and locks out. Bl
- B1 opens S3 to form microgrid.

- B1 changes mode to GFM and picks up a
portion of the feeder during the transition.

- B2 opens S2 to form microgrid.

- B2 changes mode to GFM and picks up a portion of the isolated feeder.

- FLISR opens Switch S1 and Switch S2.

- FLISR closes the tie switch.

- B1 closes S3 and changes to GFL mode. .

- B2 remains in GFM mode.



Grid-Edge Intelligent Distribution
Automation System for Self-Healing
Distribution Grids



Grid-Edge Intelligent Distribution Automation

System for Self-Healing Distribution Grids

Survalent.

Objective: Develop and validate a model-based, DER-cognizant, hierarchical
ADMS platform to achieve self-healing, reliable, and resilient distribution

grids.

* Evaluate the effectiveness of DER
integration for a DER-cognizant
ADMS FLISR application.

* Evaluate the coordinated
operation with grid-edge
resources to achieve dynamic
reconfiguration.

ADMS Test Bed

m¢ ----- 8 Other Utility Management Systems

:

Simulation

Industry Standard Interfaces

Scenario Generation |

l Analysis and Visualization



Platform Development

Integrate NREL's grid-edge
flexibility quantification and
optimization algorithm with
multiple solutions provided by
SurvalentONE ADMS to develop
a model-based, DER-cognizant,
hierarchical FLISR application.

v
Optimal DER Dynamie Interaction Nerwork
Flexibility Reconfiguration Reconfiguration
Scheduling Model Model
¥
==
1 Disaggregation

Survalent.

SurvalentONE FLISR

i SurvalentONE
o]

r
. Fault Location=
L
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I 0 : '

1 = 1 Real-Time —

: DER LOV I Network Distnibution
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i Calculation & DER Flexibility Fault Isolation 1 — R #;:éONE ——
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Outage OMS oty <
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Switch Sequence,
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Central Georgia EMC Test Case Setup Survalent.

Tie Switch TS2

L Sectionalizing  Three faults are considered at
e, e, SW|tch SS1 . . .
............... different time intervals.

* Two healthy feeder connections
- F2Wo _ o A i can be used to supply power to

. {  Eel™ the faulty areas, via TS1 and
Sectionalizing B o1, o i TS2
Switch SS2 :

| * There are three sectionalizing
T ' A N switches (551, $S2, and $$3) in

Switch SS3 the faulty areas.

s Sectionalizing Switch TS1
e Utility-controlled/BTM DERs

® - Nodes in healthy area ® - Nodes in faulty area exist in the faUIty areas.

- Tie Switches

B8 - Sectionalizers

v - Utility-controlled DG ¢ - Utility-controlled ES .



Comparison Overview of the Scenarios
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Hour of day

Baseline scenario

DER flexibility
integrated

Full-scale network
optimization

Daily Critical Load
Shed (kWh)

7837

2973

421

Survalent.

Median Indoor Median Water

Temp. (°F) Heater Temp. (°F)
50.79 105.42
52.73 107.96
55.47 110.46

* Scenario 2 with DER flexibility integrated has a smaller amount of critical load shed than the baseline scenario.
* Scenario 3 with full-scale network optimization has a significantly smaller critical load shed than the other

scenarios.

* Median indoor and water heater temperatures are the highest for Scenario 3 with full-scale network
optimization, indicating improved comfort for customers.



Upcoming Events Survalent.

NREL &
0 @NREL
A recent @ESIFLabs workshop showcased our
A D M S Te St B e d Wo r ks h O p advanced distribution management system (ADMS)

test bed, which helps utilities evaluate their ability to
monitor and coordinate #AdvancedEnergy assets for a

Planned for in person at NREL, ol ST
Golden, CO, Nov. 7-8, 2022 ) I

https://www.nrel.gov/grid/2022-adms-test-bed-workshop.html

NREL ESIF 9:00 AM - Dec 20, 2019 - Sprout Social
@ESIFlabs

If yo u a re i nte re Sted i n I e a r n i n g h ow yo u A recent @NREL workshop demonstrated our advanced

distribution management system (ADMS) test bed, which
allows a utility to evaluate performance of ADMS

can work with NREL and use our capabilities ioraimicamecs oo
for your project, contact me. . |



https://www.nrel.gov/grid/2022-adms-test-bed-workshop.html

Questions?

Ismael Mendoza
ismael.mendoza@nrel.gov
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Power Measurements With B1

GFM BESS
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Single BESS Measurements
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t=21:36:06: Fault occurs, de-energizing Circuit 3; BESS 1 switches to GFM mode to pick up load during the transition
t=21:36:11.6: ADMS issues the tie switch to close, reenergizing a portion of Circuit 3; BESS changes back to GFL mode
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Power Measurements With B1 &
B2 (GFM BESS)
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OFFICE OF

ENERGY ELECTRICITY

Circuit 2 Recloser

Circuit 3 Recloser
i

Substation

t=21:36:06: Fault occurs, de-energizing Circuit 3; both BESS switch to GFM mode to pick up load during the transition

t=21:36:11.6: ADMS issues the tie switch to close, reenergizing a portion of Circuit 3; BESS 1 switches to GFL
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B1 Measurements
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t=21:36:06: Fault occurs, de-energizing Circuit 3; B1 switches to GFM mode to pick up load during the transition
t=21:36:10.6: ADMS issues the tie switch to close, reenergizing a portion of Circuit 3; B1 switches to GFL mode
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B2 Measurements
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t=21:36:06: Fault occurs, de-energizing Circuit 3; B2 switches to GFM mode to pick up load during the extended transition
t=21:36:11.6: ADMS issues the tie switch to close, reenergizing a portion of Circuit 3; B2 stays in GFM mode, supporting a portion
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Load Transfer Operation

With Two BESS

* Table 9 indicates the ADMS FLISR snapshot load transfer analysis in the
presence of two BESS for partial load support.

EEW,  U.S. DEPARTMENT OF

& ENERGY ELECTRICITY

e Table 10 shows the simulation load transfer measurements.

OFFICE OF

 The load transfer operation calculation impact is similar to the previous
measurements of B1 because B2 is outside the load transfer calculations after

Switch S1.

Table 9. Load Transfer Calculations

Circuit 2 total capacity
Circuit 2 current load
Circuit 2 spare capacity
Load behind Switch S1
Tie switch capacity

Tie switch capacity

Total
13,500
710.03

12,789.97
341.92
600
9,000

Units
kVA
kVA
kVA
kVA

AMPS
kVA

Table 10. Load Transfer Simulation Measurements

Circuit 2 measured power before the fault

Circuit 2 measured power after the fault
Circuit 3 measured power before the fault
Tie switch measured power after the fault

Total
0.685
1.779
3.250
1.080

Units
MW
MW
MW
MW
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Evaluated Scenarios Survalent.

Scenario 1: Baseline Scenario (Survalent FLISR) Scenario 2: Integrate DER Flexibility Scenario 3: Full-Scale Network Optimization

* Check whether healthy feeders are available. * We apply the same rules as Scenario 1, but * Determine the optimal statuses of all available

« Select one healthy feeder each time to restore when evaluating the loads that should be tie switches connecting to healthy feeders and
loads in the faulty area. restored, we use load erxib_iIity. all sectionalizing switches that can make

4 Consumption segmentations to maximize restored loads in

* If no segmentation is available, the healthy Tj;;?;mtionﬁr R the entire faulty section while maintaining
feeder is only connected when it can restore i step 77 radiality.
all loads; otherwise, no restoration can be | | Flexibility ) o _ )
performed. Minimam power | - . Un.llke othe_r scenarios, in this scenario, the tie

consumption at g/_\ switches with healthy feeders can be closed,

* If the healthy feeder can restore parts of loads each time step | : _ even if the healthy feeders can only partially
via segmentation, then open the sectionalizing : e meet the load requirement of the area(s), by
switch to enable such segmentation. * For the area that cannot be reconnected to allowing to shed loads in faulty areas and

* The capability of the heathy feeder and loads the heaI'th feeder, use Io‘cal GFM [TESCIITEE o dispatching DERs.
to restore are both evaluated using kVA EoErI;n an |slangd microgrid, anq Bl L For all isolated areas, use local GFM resource
capacity. s to maximize load restoration. to form an islanded microgrid. and d

grid, and dispatch
* Assume all utility-owned DERs are not used GFL DERs to maximize load restoration.

and are offline.
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