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PROJECT SUMMARY

Super-Flexible and Robust AC Transmission System Devices
(SuperFACTYS)

Project summary:
SuperFACTS concept proposes a grid stability enhancing solution that combines mature grid supporting technologies

under central advanced control system capable of addressing all main grid integration challenges for variable generation
and improve reliability of power grids. SuperFACTS scalable concept combines grid forming battery energy storage (GFM
BESS) and synchronous condenser (SC) functionality in a single system that depending on use case can be controlled to
provide fully dispatchable and flexible operation using energy storage component, provide a full range of existing and
future ancillary and reliability services to the grid (similar or better than conventional sources), maintain adequate levels
of grid strength and inertia, and provide fault current for proper operation of protection systems. The main objective of
this project is to develop a validation platform and demonstrate the SuperFACTS system at scale and develop models and

conduct simulations to demonstrate benefits at system level.
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The proposed hybrid system consisting of synchronous condenser with grid-forming
battery energy storage is innovative and has not been implemented anywhere.

The proposed fully scalable solution combining SC and GFM BESS using integrated
standardized control solution will allow provision of all possible reliability services to the
power grid at transmission and sub-transmission levels including black start of sections of
transmission systems, grid strength firming and large overcurrent capability - services
that cannot be achieved by use of E-STATCOMS or other power electronics-based FACTS

devices.

Benefits

Challenge

Various forms of grid services
based on active power control
Inertial response Synthetic, depends on BESS
operation point

Steady-state and dynamic reactive [REG[VElIE]iE

compensation, voltage support

Grid strength enhancement No

Overcurrent capability No
No

Black-start capability Yes (only for BESS with GFM
inverters)

Transient and fault ride-through
performance

Yes (can control levels of fault current
within inverter rating)

Controls to mitigate undesirable Yes
interactions with other
components on the grid

Moderate

Yes, real rotating inertia

2-quadrant (limited by stability and

thermal constraints)
Yes
Yes (up to 300% for 2-3 seconds)

Yes, very high
No

Yes (no control over levels of fault
current)

Yes (but limited)

Moderate

_ Synchronous Condensers SuperFACTS
Yes No Yes

Enhanced

Enhanced

Yes
Yes

Yes
Yes

Enhanced

Enhanced

Lower (compared to same
performance by BESS or condenser

only)

Grid-Forming BESS

High-inertia Synchronous Condenser

ENERGY
STORAGE

Dispatchability
and reliability

Energy and

J Modue | services, black

start

Grid strength, short circuit
current, large overcurrent
capability, inertia

SuperFACTS scalability:
* Grid strength, inertia, and fault current
« Energy services and resilience services
* Reliability services
* Black-start services.



SuperFACTS use cases

and wind generation)

Anticipated services: Retiring coal and
. Provision of combined real and configurable virtual inertias nuclear plants Energy intemsive industry
. Provision of synchronizing torque 1 r‘ﬂ;@ 2
° Provision of short circuit current contribution - \_"“7 I:% ' H |H
° Increased grid strength and short-circuit ratios SV
° High overcurrent capability ‘ 4
. Grid topology-independent smart voltage recovery contributor/ flexible fault response
provider Jtility-scale wind and solar generation
° Provision of enhanced voltage and reactive power control with ultra-wide dynamic g 7 l 88 T .
ranges 3 . C@‘j ﬂ
. Provision of all forms of active power controls | \_rh
. Provision of dispatchable operation and flexibility services for variable generation ﬁ\)r Orhere wind | ac
° Provision of all essential reliability services (better and faster than conventional ﬂiﬂ X & |
generation) Q0 J_ E %E %
. Black-start and stand-alone operation ’ ] $$
° Ability to provide inrush current-free energization of transformers, cables and motors — _] \_ =, T
. Enabler for economic renewable technology hybridization (can be co-located with solar 4%@%7 %@F@E‘& I E i L 6

° Provision of active and reactive power flow controls B |: @'@:ﬁ Transportation electrfica tion
o Full 4-quadrant reactive power capability AR — — o ;
. High bandwidth for power system oscillations damping Distributed generation = senersnan
° Superior transient and grid fault ride-through performance 5
° Less than 1ms response times for damping instabilities caused by control interactions .
between inverter-coupled variable power generation and grid
. Stabilizing power systems with any desired ratios between grid-forming and grid- Summary of major use cases:
following inverters
° Fully scalable and modular topology for both grid-connected, microgrid and stand-alone . . . . L. . . .
operation 1. Replacing retiring conventional plants (taking advantage of existing infrastructure) for active and reactive
o  Same SuperFACTS building blocks will allow deployment in numbers to achieve power control services, maintaining grid strength and protection adequacy
desired design parameters (MVA capacity, MWh capacity, inertia, SCR and grid 2. Transmission services (power flow control, voltage support, black start etc.)
strength levels, ability to provide overcurrent during system faults and inrush 3. Integrating variable generation (dispatchability, grid strength, enhanced transient performance, black
currents during black starts, etc.)
o  The same basic SuperFACTS building blocks can be used to provide services at start, Etc-)
transmission, sub-transmission and distribution levels, cam help operating 4. Services to large industrial loads (power quality, islanded operation, black start. Etc.)
microgrids and islanded grids, and provide black start services for all above. 5. Distribution level services (increase hosting capacitates of distribution systems, islanded operation, black
. Can be controlled for electric loss minimization in transmission and distribution grids tart tecti d t )
. Control of negative sequence voltages for phase rebalancing may be possible for start, protection adequacy, etc.

advanced BESS inverters 6. Maintaining grid strength, SCR and transient performance for heavy-duty EV charging stations 6



Technical Approach

*  Super flexible AC transmission system (SuperFACTS) 34.5 kv 230 kv
*  Combination of mature technologies a scalable module under central
control
*  Hybrid approach:
*  SuperFACTS = SC + GFM BESS + Smart integrated control

Substation Grid

*  Research project funded by U.S. Department of Energy (Office of

Electricity Transformer Resilience and Advanced Components
program).

What makes it different from prior battery energy storage system (BESS)-
synchronous generator hybrid work?

SuperFACTS Plant : Wind + PV

13.8kV :

Load

*  Prior work was focused on limited sets of services (gas-battery Ratate cn:iﬁm
peakers) of synchronous condensers with grid-following (GFL)
BESS Grid-forming
*  SuperFACTS has controls that can provide a full spectrum of grid Condenser inverter

services.

Scalability:

Grid strength, inertia, and fault current
Energy services and resilience services
Reliability services

Black-start services.

BESS

Exciter o

o-f3-

Pony moto

R IR AR EEEEEEEEEEE R = Power 5-,],512,“ npera'tnr

The project tasks are intended to develop robust and validated controller capable of providing all control functions for SuperFACTS system.

* The project goals are achieved through demonstration testing of real SuperFACTS system at NREL’s Flatirons Campus.

This project is conducted in coordination with ORNL team that is conducting research in the area of Solid-State Power Substations.



SuperFACTS Test Platform

Test platform was developed using: s o
e 2.2 MVA synchronous generator (operated as SC) oy oc
e 1MW /1MWh GFM BESS controlled e
* PHIL-enabled 7 MVA / 13.2 kV grid simulator (CGl)

e Utility scale wind turbine generator and V plant

AC

DC
13.2kV 19.9 MVA

AC E 13.2 kV

Grid

LJ
(

2.2 MVA synchronous machine installed on
NREL 2.5 MW dynamometer
.

Projected P-Q capability of

SuperFACTS platform . SuperFACTS 2 MVAR
3 13.2kv . Test Platform synchronous

DC
Utility Grid 2.5 MW

. 5 kVdc
- . &10MW
e . 2.5 MW dyno Condenser .
. Total reactive capability of SupefFACTS . AC motor .
_};/ ‘\\\ system 3t NREL's Flatirons Ca E:__ y } H MVDC
/ \ . AC Exciter . 3 MVAR Grid

RLC load

\ : . bank
| Qs = +1.BMVAR SuperFATCS .
1 MW/1MW h battery N

Intelligent
Integrated
Control

CGI#1 (7 MVA)

=1 MVA 7 MVA Grid Simulator

(40 MVA S.C. capacity)

13.2 kV Uttility Grid

Jl: p AC @ |

First Solar PV amray "
with stringinverters

REACTIVE POWER {MVAR)
&
- g
F =Y
8
=
s

GE 1.5 MW wind turbine

S —— BESS
sc 3§
Total
-2
-3 -1 0 1 2

ACTIVE POWER (MW)
Source: NREL 8



Super FACTS Control Implementation

P-Q Setpoint and Oscillations Control |2 LTLT , 1 ¢ SuperFACTS controller embedded into
{ ‘-&, Control loop elapsed time (sec) ‘O—J | .
J AIRIES site controller

1/0 Configuration | GE field turbine | First Solar PV Plant | BESS | PV-BESS Plant | Fingerprints | Procedure Super§ACTS
- L}

=
rrequency \mzj 5‘0p Button

P, QV,F, Itotal
c L P-Q Setpoint and Oscillations Co ~ ( "
] T | B sep Control loop elapsed time (sec) | |©

- -
POV EI| PAVEL2 1/0 Configuration ‘ GE field turbine ‘ First Solar PV Plant  BESS ‘ PV-BESS Plant ‘ Fingerprints dure | SuperFACTS ‘
L BESS kW

L MW setpoint BESS MW dP BESS MW f (Hz) BESS Offset (MW) ‘
2 - — ~ = ~ = S — e o J
——— 0 o Hor | Hfoa | o ] N —
— = . . —_— —d MW SP to BESS
i MW/s limit BESS MW POD Decay time (sec) BESS Trigger Decayed MW Oscillation F$ 2 lo \
[0 3o A -
Allow MW Oscillations BESS. 0 [ ‘ L J | POD | BESS SOC
B Rectangular MWBESS  Stationary / Decayed MW BESS ':ﬁ
Active Power BESS -
s 15 MW SP [~
P Measured MW [/~
0.5 -
KW set =
< 0-
~ [— 3o b
= " KVAR set 05
= Je— a0
kV set ¥ =1
A -1 1
— Time o ]
v | [ H@e |
T Trigger Decayed MVAR Oscillation BESS
MVARsetpoint BESS MVAR dQ BESS MVAR f (Hz) BESS e )
2 2 - 3 pus 2 4 pop
oa [0 | o ! J
S - - ‘ MVAR BESStationary / Decayed MVAR BESS
O <
- BESS kVAR
Allow MVAR Oscillations BESS MVAR POD Decay time (sec) BESS  MVAR/s limit BESS - ‘w
(- ) 2 2 L —
= |= o] = [0 ] MVAR SP te BESS
Reactive Power BESS |0

* Central SuperFACTS controller implemented in NI PXI RT hardware
* (Can operate on operator setpoints, or setpoints coming from any interface or historic time series
* Modbus interface between PXI and BESS controllers

* Ethercat to analog interface between PXI and DVR




Modeling and Simulations

PSCAD model of SuperFACTS plant

) b3 Synch relay
Qp:-gfg;s ubl 5:73',7472%; Qijfsoééggos 230 kV grid
V=33 V=225 & [ prsection —4 V=227
0 ® s § o1t g)L
i l é’—\/g?nd
Timed =
Fault
ABC->G Logic
Synch relay B
Model of GFM BESS with Current Limiting
[ e e e e e e e e et e S e
H Power
: Iy converter
H BESS —p
(I ! A Ny I [ Zr A
\ TS5 pe — N — R I Lo ._@G,id BP;nertia BPoes Active power / frequency control
GFM BESS 15 MW = == [ AC L Sc |
Synch condenser 60 MVA T..L T — G Hz/MW
f I v Pret droop
Map
> APAGC Pmeasured
Power limiting control
Components of active power con:;ol Fome F: """""""""""""""""""
. . f _ inertial E max Pl
« Stable operation of SuperFACTS plant under different load, v i g Tl e I B -
grid frequency and voltage conditions have been P
i Pmin
demonstrated i "
i

Deadband

the inertial response of SC if needed for oscillations free

power output Voltage control with current limiting

Voltage control Current limiting control

e Black-start services were simulated with different scenarios

Vi

— ] Mabc
E d-g/abc [t
— -

Y I S

Voltage limiter

* Additional controls implemented in GFM BESS to compensate i




Simulated Cases — grid frequency and phase angle variations

Response to grid voltage phase jumps (30°)

1.015
ERER o« PLL frequency
= 1.005
b 1 %
& 0.995 %
.
g D%:g SC speed
- 0 5 10 15 20 25 30 35
TIME (s)

30
= SuperFACTS total
g >0 /BESS <
= 10
Z o0
% 10 AN sc

-20
< 0 5 10 15 20 25 30 35

TIME (s)
10 SuperFACTS total
SC BESS

REACTIVE POWER (MWVAR)
PO MR o o

11

VOLTAGE [p.u.)

| / / R\J\_/\M,—_-
—Ibrn\_/\-./\—rm-— |
N fvvlfuv——————w/w
0] 5 10 15 20 25 30 35
TIME (s)

TIME (s)

Inst. current during phase jump (30°)

:
i

[
[l e e W e e e W)
P 10 ™l L) Pd 3 [od ) S D [
mounounounouou

|

TOTAL CURRENT (kA)

BESS CURRENT (kA)

DMDEMSER CURRENT (KA )
Pd Pd = = O OO = B B

thochobhohoinoin
o )

FREQUENCY {p.u.)

1

1

o

0.

POWER {MW)

1.02
.015
1.01
.005

.995

0.99

985
0 5 10 15 20 25 30 35 40 45 50
TIME (sec)

2[5’ SuperFACTS total
20 BESS \4
15

10

s |f ./
5
10

-15 SC
-20

-25

TIME (sec)
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40
30

20
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Simulated cases — voltage fault ride-through

* Allfault current is provided by SC
* GFM BESS operates in current limiting mode during faults

Voltage - 34.5kV side

0 0.5 1 1.5
TIME (sec)
Active and Reactive Power
/ 2
P
0 0.5 1 1.5
TIME (s)

Voltage - 34.5kV bus

B
_10
j—— R emeememeer

Grid

¥
SR =—2

Z, 5,

5, = 66 M4

=
J

Synchronous
Condenser

GFMBESS

Weak grid case: SCR=1.5

* Combination of SC with GFM BESS provides much better transient
performance
* Thisis because of significant grid strength increase provided by SC

VOLTAGE (p.u.)

VIV

MWVAR

1.2

1 =
0.8
0.6
04 GFM BESS + SC
0.2 / GFM BESS only

0

0 0.5 1 1.5 2
TIME (s)

18
16

14
12
10

8

6 GFM BESS + SC

4 GFM BESS only
2

0

0 0.5 1 1.5 2
TIME (s)

40

35

30

25 GFM BESS + SC

20

15 FM BESS + SC
10

5

0

5
-10

TIME (s)

2.5

2.5

2.5
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Simulated cases — unbalanced voltage fault

TTTTTTTTTTTTTT

TTTTTTT

* Robust ride-through under unbalanced fault conditions

13



Simulated cases — high voltage fault ride-through

Weak grid case: SCR=2

Condenser speed and PLL frequency Active Power
1.0025 12 / BESS
10 #ﬁf“:‘?ﬁf/—;f—i
1.0015
3 : o\
4 1.0005 MN 6 SuperFACTS total
ki 0.9995 = SC
e 2 /
0.9985 0
-2
0.9975 4
0 0.5 1 1.5 2 0 0.5 1 1.5 2
TIME (s) TIME (s)
Voltage - 34.5 kV side REACTIVE POWER

=
wa
L

BESS

Grid
— 1.2 \
CJ:L / 0 _|I JJ’&/—\
= 1.1 o J
e - ]

g 1 — — = \ |
=~ 0.9 34.5kV bus -10

0.8 15 \ SuperFACTS total

0 0.5 1 1.5 2 0 0.5 1 1.5 )
TIME {SEC} TIME {5}
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Simulated cases — BESS soft start and SC synchronization

. Two control strategies implemented
* Synchronization relay between

BESS and SCis im p|emented BESS does not compensate for SC inertia BESS compensates for SC inertial response

SuperFACTS Plant Maodel SuperFACTS Plant Maodel
= Condenser Speed = Frequency = = Condenser Speed = Frequency =
60.10 60.10
Main : Graphs N w
- T 60.00 bt A AN A A Ao A A A A Al A A A T e A A A Ao AAAA A A oAt A Ao A A
5.0 -y S : vve 'R d v vV Vv A A S . Vv v L'} TR vvv yv w L4
. o w
2 59.90 & 5990
10.0 140 ARAAAA AAAA A ARAARRARANA | s s
[ 1 [ ” 1 1 f f 59.80 59.80
=l 15.0 = Tota MW = Total MVAR 15.0 = Tota MW = Total MVAR
0.0 10.0 v Ao A 10.0 Total Q
5.0 g 50 s 50 /
' ) o0 Total P y
AMAARA 1 AR g : : g
-10.0 VHUVY ] Vv UL 5 5
-10.0 AP AA -10.0
-15.0 -15.0 -15.0
=1 = Condenser MW BESS MW = Reference MW = Condenser MW BESS MW = Reference MW
0.40 ; 20.0 20.0
030 . LOW condenser inrush currents 150 150
’ £ 100 £ 100 S hAA pAA
- W \iwirimini WWﬂY l . -0
0.10 ’\l\ f\ j\ J\ V % 0.0 ATa w‘-v ,‘\rv w‘v-v r‘v- AA % 0.0 vV u'-v- ;‘v‘v |I-"' r‘v" f\re
: “ ,\J\ n 2 so 2 so
0.00 fv‘\ \ \/‘ % 10.0 % 10.0 Ve Vi Vi
9 150 9 150
y n =3 =3
o TNVATATRTATAT AN AL :
-0.20 N | [ | S R | e y | = Condenser MVAR BESS MVAR = Reference MVAR = Condenser MVAR BESS MVAR = Reference MVAR
5 \’ ) W '] 10.0 10.0
-0.30 = b = 80
v § 6.0 § 6.0
-0.40 - Z 4.0 b3 4.0
T T T T T T T 1 G 2.0 G 2.0
seC 1920 19.25 19.30 19.35 19.40 19.45 19.50 19.55 £ oo - £ oo ¥ |
S 20 |5 1 _IF' ] = 40 (- [ - _lfl"'  T- ﬁ"—
E 40 “\u-.-..—f Fr—-—_ 'p—-u—l E 40 l#\.—_f FL\-— "\-——l
2 60 | 2 60 |
2 80 2 80
1 005 =345 kv =13.8 kv 0.69 kV. 1 005 =345 kv =13.8 kv 0.69 kV.
1.000 1.000
-~ 0.995 -~ 0.995
EREUREI R o PN oo WO B, s, WS S 0990 e e e T e
# o.8s T L = - v ¢ o.8s L | s i ey (4 e
E E
g 0.980 5 DEED
0.975 0.975
0.970 = 0.970 =
sec 20,00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00 sec 20,00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

1V



Simulation of black start

o1
* Self black start: o i
+ Soft start by GFM BESS. e O
* Energizing lines and loads £ i
e Starting PV and wind generation T 2 B B _&S2 N B 2 ¥
* |slanded operation — Condenser Spesd = Frequency
* Synchronization with grid 15 —
10 F Y
Z S 3] Vi
345 kv 230 kv E o —— W | ';'_n'"_ﬁ.--nu""-ﬁ-"
Zijne E E ] 4
@ 34.5 kv 10 =L syndh Line: energization gy
kv | 650V = g
138 0 10 20 30 40 50 60 70 %0
@ TIME [sec)
., — Total MW — Pgnd Condenser MW BESS MW
Condenser BESS inverter w
Excitero 5 su g
romy moter O |l T 20 el A N
@ e 15
2w
< s
0 W_J\
-5 W
=10
[ 10 A 3 40 50 Bl Fii) Bl

TIME [sec) 16



Simulation cases — SuperFACTS in 39-bus test system

o ® @ * 40% IBRs
SuperFACTS % Q systembuswithgenerator o 2 * Grid strength is compromised
System bus withoutgenerator .
|,__ - - ] * Voltage fault takes the system out of synchronism
O HVAC and HVDC interconnectién
7 12 mG30 |=G31 [mG32 =G33 |mG34 |=G35 |=G36 [=G37 [=G38 |=G39
1.0 = — — ; N 3
o — 08 o : gy
8 0.6 l \\\7—17 \\\/ / \\#
E ) Voltages in all buses \/ \f \‘)ﬂ y
225 g 04
0.2 E
0.0
sec 14 16.0 18.0 20.0
1-.
SOOMNY HVAC
L SuperFACTS * 40% IBRs supplemented with SuperFACTS
* Oscillation modes can be found between area 1and area 3 and * Grld Strength iS reStored
*:t} between area 2 andarea 3. o ° RObUSt fault ride_through
o |_L— Generator speeds 15 "G30 [=G31 |=G32 =633 |™G34 [="G35 |=G36 |™G37 |=G38 =639
%: py \ S Generator power -
- 1 outputs
:::k-m"' T o e e ) e e e = 0.8 Voltages in all buses
:zt A — 4 0.6
5 o DD : §
§ EZ“ 3 Voltages in all buses 5 0.4
e 0.2
1]:1-‘30 - \-m R Im = |
] e—  100% synchronous case 0.0 - , | ,
B 580 14,0 16.0 18.0 20.0
= * Response to voltage fault 1/




Other completed tas

System separation case

SuperFACTS system provide seamless transition to islands
in case of contingencies or cyber-attacks

POVER (M) FREQUENCY (Hz)

VOLTAGE (p.u.)

sec

™= Bus30
60.20

39-bus Reulsts

™ Bus31 ™ Bus32 ™ Bus33 ™ Bus34 ™ Bus36 ™ Bus37 ™ Bus38 = Bus39

60.15

60.10

v
|

€d

60.05

|

60.00 ~
59.95

/ll-i >

59.90

Are

59.85

59.80

= G30 MW
1.10k:

9
<

= G31 MW = G32 MW = G33 MW = G34 MW |™ G36 MW = G37 MW ™ G38 MW |= G39 MW

1.00k:

0.90k:

P

0.80k:
0.70k:

0.60k:

0.50k:

0.40k:

0.30k:

0.20k:

0.10k:

= G30

=G31 =G32 =G33 =G34 = G36 = G37 = G38 = G39

0.80

0.75

10.00

20.00 30.00 40.00 50.00 60.00 70.00 80.00

NREL-developed Impedance Scan Toolbox

Main : Controls = Sub3

P =4.007
Brkl Brk2 B3 Brka_1 Brkd_2 BrkS Q- -4.145

Closed Open | Closed Open | Closed Open | Closed Open | Closed Open Closed Open

P=-0.2114
Q = -2.961e-05
V=2299

N N N\ 7/

P =-0.09854
Q=-2.073
V=137

=

81 4[MW] 4 [MW]

i
Vet __lvip l® -

i

.

BRK2 P=4242
Q=-1635
V = 0.6853
= YPN(s) | [
P |GEM

@l N

?
Auto. Seq. Adm. Meas.

By

Phasor_230

- N

To o1t »
9 i

i
<
< Vorid
)
L = Farid

=
200 0816 | Varid

* Impedance scans are performed for different droop settings to understand interactions between

BESS and sync. condenser

*  Will be extended to 39-bus system for evaluating stability in presence of multiple SuperFACTS

devices

BESS DQ Admittance (50 mHz/MW) BESS DQ Admittance (5 mHz/MW)

60
= 60 i
3 560 100
94 40 240 0
= 820 5
o 20 =
- 107! 10°

200 200

)
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0.5

Phase (degree)
o
=)
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o
%
o
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100
30 “ + 4+t
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200 200 200 200

L L

200 + o+t 200
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w @
w N o O
Lo 8
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8

Phase (degree)
o
o

Phase (degree)
=)

J

-200 -200
107 10° 107 10°
Frequency (Hz) Frequency (Hz)

Imaginary Axis (Hz)

= x

-0.8 -0.6 -0.4 -0.2
Real Axis
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» The project is still in proof-of-concept testing and validation stage

[P STATUS
No IP related activities yet

Main Risks
 Slower than usual lab activities due to COVID-10 situation
« Delayed delivery schedules for hardware

Mitigation
 Experiments conducted using PHIL model of synch condensers until full system
is operational

19



Project Milestones

3.1: Task 1: Identify all use cases for SuperFACTS concept, develop a test plan 100%

Start date: 10/1/2020 End date: 12/31/2020

3.2: Task 2: Develop control theory for SuperFACTS concept 100%

Start date: 1/1/2021 End date: 3/31/2021

3.3: Task 3: Develop SuperFACTS Controller

Start date: 4/1/2021 End date: 6/30/2021 100%

Task 4: Deploy controller and conduct initial testing 100% in PHIL mode, Synch condenser delivery — September 2021, installed in Oct-Nov 2021
Start date: 7/1/2021 End date: 9/30/2021

Task 5: Demonstrate ability to provide reliability services on transmission level

Start date: 10/1/2021 End date: 12/31/2021 100% Paper presented at 11" Solar Integration Workshop in Berlin, Germany
Presentation at ESIG fall workshop

Task 6: Demonstrate ability to provide blacks start services

Start date: 1/1/2022 End date: 3/31/2022
Task 7: Demonstrate benefits of SuperFACTS operation in a large power system
Start date: 4/1/2022 End date: 6/30/2022
Task 8: Demonstrate benefits of SuperFACTS in islanded grids
Start date: 7/1/2022 End date: 9/30/2022
Funding Planned by Fiscal Year
Entity Total
Year 1 (FY21) Year 2 (FY22)
NREL $400,000 $400,000 $800,000

20



Synergies

e Supplemental to other DOE-funded
 SETO/WETO /WPTO funded projects on hybrid systems including storage

* Facilitates the shift towards development of new research platforms under NREL's Advanced Research on Integrated
Energy Systems (ARIES)

* Innovative use of prior and new multi-million DOE investments (CGI#1 and CGI#2, BESS, PHIL)
* New platform for industry and academia to conduct at scale research synchronous condenser-based systems

* Supplemental to all DOE island power system studies (Puerto-Rico, Hawaii, USVI, etc.)

21



Future work

* Complete validation and demonstration testing for all
use cases in Fiscal Year 2022 at NREL:

Testing under grid fault conditions

PHIL testing emulating larger power systems
* Final report

e Journal publication

e Dissemination (ESIG and NERC workshops, conference
presentations)

NREL test site. Photo by NREL

Opportunities for future research:
e SuperFACTS allocation optimization problem
* Levelized cost of energy and production cost analysis.
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SC — synchronous condenser

BESS — battery energy storage system
GFM = grid forming

SCR — short circuit ratio

CGl — controllable grid interface
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