FHUISTEE BRI S PCSODTE

2o B REEEMGIHAR =
@FHEHKF
July 14, 2023

@ AIST (SFREA

HEET4E

SAEE

EE S =Y e

/_

F—iARtE> S —

En]EE T %) L3



230714 MGHfiZi= ©Kikusato, Hiroshi 2023
HENE
—/

n EFRHEFREADC BT

@@L AIST (SFREA

s PCSEROREE AR (CAHKROSNDDH ?

n  BHUUEERERES S PCSOERE MR
o PHILEER (C K 2 IR EZ E/CERE DIRELE
o JETEUER(C K DIREHKAE & DT DIRGLE



230714 MGHiFE & ©Kikusato, Hiroshi 2023 @Alsr é!g FREA
g

EXSRH & FREADC #8971

LY




230714 MGH3EE ©Kikusato, Hiroshi 2023

@@L AIST (P FREA
AIST (National Institute of Advanced Industrial Science and Technology)

m Established in 2001 by reorganizing
16 institutes under METI

© AIST Hokkaido

Bio-manufacturing

m Total income: 110 billion JPY © AIST Tohoku
o 90%: Government, 10%: Industry . Chemical-manufacturing
© AIST Shikoku
Health care © Fukushima Renewable
Energy Institute
m 2901 employees (s of iuly. 2022) Renewable Energy
O 22 1 4 resea rCherS © AIST Chugoku © AIST Tsukuba Headquarters
o 687 administrative employees Biomass conversipf fech. - AIST Tsukuba
o + executives, visiting researchers, © AIST Kashiwa  Al-manufacturing
postdocs, technical staff © AIST Tokyo Headquarters

© AIST Tokyo Waterfront Bio and IT

m 7 research departments

© AIST Kyushu © AIST Chubu  Functional material
%Ti:? ‘ & ‘ T 5 Manufacturing plant
G ¥ SEGESS © AIST Kansai  Battery and Medical Tech.

Energy & Life Science &  Information Technology ~ Materials & Electronics & Geological Survey National Metrology
Environment Biotechnology & Human Factors Chemistry Manufacturing of Japan Institute of Japan

Source: AIST, JP) hitps://www.aist.go.ip/ , EN) https://www.aist.go.jp/index_en.html 4



https://www.aist.go.jp/
https://www.aist.go.jp/index_en.html

@@L AIST ($FREA
FREA (Fukushima Renewable Energy Institute, AIST)

Established in Koriyama, Fukushima in 2014 for promoting
o R&D of renewable energy internationally
o Reconstruction of disaster area of 3.11

300 kW WT
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Hydrogen plant & 3
Smart System L
Research Factlity

(FREA-G)

m Has over 200researchers in 9 research teams

’ J
(0 1) '
Energy Network Hydrogen Photovoltaic Wind Power Geothermal Shallow Geothermal

Source: FREA http£/www.aist.qo.]p/fu kushima/
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Power System Laboratory (Movie)

m AC source
o Grid simulator: 500 kVA, 30 kVA
m DC source
o PV simulator: 600 kW
o Batter simulator: 207 kW
o Lithium-ion battery: 16 kWh
m |nverter
o GFM (VSG control)
o GFL (smart inverter, virtual inertia, etc.)
m Digital real-time simulator (DRTS)
o RTDS Technologies: NovaCor, PB5
o Typhoon HIL: HIL604
m RLC load: 200 kVA
m Data acquisition system
s Connectivity to demonstration field
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Smart System Research Facility called “"FREA-G”

m Established in 2016 for testing large-size grid-connected inverters
m Testing capability

o Grid simulator: AC 5 MVA (1.67 MVA X 3 units)

o PV/battery simulator: DC 3.3 MVA, 2000 V

o Grid interconnection testing room (L, M, S)

o Environmental testing room: -40 to +85°C, 30 to 90%RH
o EMC testing room: 34 mx34 mx7.8 m, largest in Japan

Source: https://www.aist.go.jp/fukushima/ja/outline/smart_system/index.html

@ AIST (SFREA
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DEEIROEIMNICH D EAFDZRIL

Evolution of grid support functions

@ AIST (SFREA

« Shall NOT actively regulate voltage
« Shall trip on abnormal voltage/frequency

¥

= IEEE Std 1547-
Low 2003
- IEEE Std 1547a-
2 2014
{0 (Amendment 1)
"0'3 y
(-
9]
o
o
L
(M)

High

IEEE STANDARDS ASSOCIATION

« May actively regulate voltage
« May ride through abnormal voltage or frequency
* May provide frequency response

\ 4

- Shall be capable of actively regulating voltage
« Shall ride through abnormal voltage/frequency
« Shall be capable of frequency response

W

Source: C. Stice, et al., “IEEE Std 1547-2018,” NERC SPIDER WG Meeting, 2019

Source: NREL

$IEEE
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s K[E
o FY2016-FY2018: DOE “SuNLaMP". FY2021-: DOE "UNIF|"
o |EEE 2800-2022: GFMIZX -9 o Ieh @& AT 720\ & BAEE
m PR
o 2016-2019: EU Horizon 2020 “MIGRATE", 2018-2021: [a “OSMOSE"
o KENGESO: GFMDEK{T+R%Z =8 /=Grid code (GCO137)Z 20228 (CFERN,

o ENTSO-e: GFMOERMAFRZSZEIZ"NC RfG 2.0" = 2024F (CFHENFIE. 2027FEF TICERE
Grid codelCZRFTE,

A

o AEMO: “Voluntary Specification for Grid-forming Inverters,” 2023
o ARENA: “Large Scale Storage Funding Round” &5t 2.0 GW/4.2 GWh. GFM. 2023
s TOE, HATIKE
o FY2019-FY2021: [BAEREETRILF—DASEEA [CRFEREREHRY KD —DRIE
bl —~ SEIORRAE
o FY2022-FY2026: [BAERIEET RILF—DEANEREICEITTTRLZERENRY KD—D
ZELEATETE (STREAMT O T K) |

12


https://www.energy.gov/eere/solar/project-profile-stabilizing-power-system-2035-and-beyond-evolving-grid-following-grid
https://sites.google.com/view/unifi-consortium/home
https://standards.ieee.org/ieee/2800/10453/
https://www.h2020-migrate.eu/
https://www.osmose-h2020.eu/
https://www.nationalgrideso.com/industry-information/codes/gc/modifications/gc0137-minimum-specification-required-provision-gb-grid
https://eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/SO%20ESC/2022/221123_ENTSO-E_Workshop_on_Grid_Forming_and_RoCoF.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf?la=en&hash=F8D999025BBC565E86F3B0E19E40A08E
https://arena.gov.au/news/arena-backs-eight-grid-scale-batteries-worth-2-7-billion/
https://www.nedo.go.jp/activities/ZZJP_100150.html
https://www.nedo.go.jp/activities/ZZJP_100150.html
https://www.nedo.go.jp/activities/ZZJP_100236.html
https://www.nedo.go.jp/activities/ZZJP_100236.html
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South Australia — Already at 100% IBR (but...)

SA solar (grid and distributed) meets 100% of South Australia’s demand for the first time

K South Australia operational demand by time of day -~ 11 October 2020
1,500 -
1,000 -
3 1
s 500
ol Sourge:
Source: AEMO vl
0
Keeping gas plants and exporting
to neighboring areas
-500 -
00:30 02:30 04:30 06:30 0830 10:30 1230 14:30 16:30 1830 20:30 22:30
Interconnector import — Gas I Battery
—— \Wind Grid Solar Distributed PV
----- Operational demand - = = Underlying demand

Source: B. Kroposki, “The Need for Grid-forming (GFM) Inverters in Future Power Systems”
https://research.csiro.au/ired2022/wp-content/uploads/sites/477/2022/11/The-Need-for-Grid-forming-GFM-Inverters-in-Future-Power-Systems.pdf



https://research.csiro.au/ired2022/wp-content/uploads/sites/477/2022/11/The-Need-for-Grid-forming-GFM-Inverters-in-Future-Power-Systems.pdf
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8 GFM batteries with total capacity of 2.0 GW/4.2 GWh

’
|
I

t\

R NEW ARENA-FUNDED
B BIG BATTERY PROJECTS

ENTITY MW/MWh

TAGENERGY 300../600m

_ HOPELAND

ENTITY MW/MWh

RISEN 200./400um o
BLYTH - LIDDELL

ENTITY MW/MWh H | MW/MWh

NEOEN 200MW/4OOMWh - A 250Mw/500mwn
S : g Xy

MORTLAKE b ‘ | MOORABOOL (RETROFIT)

ENTITY MW/MWh | i
ENTITY MW/MWh

ORIGIN 300.+/900.m, N 88 NEOEN 300u/450um,

GNARWARRE

W 5.

Source: ARENA, Large Scale Storage Funding Round https://arena.gov.au/news/arena-backs-eight-grid-scale-batteries-worth-2-7-billion/
ARENA https://arena.gov.au/blog/arena-backs-eight-big-batteries-to-bolster-grid/

S FREA
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https://arena.gov.au/news/arena-backs-eight-grid-scale-batteries-worth-2-7-billion/
https://arena.gov.au/blog/arena-backs-eight-big-batteries-to-bolster-grid/
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BHMUIEERERET S PCSOGWRIK Z 18I A — 17 - FlH AN TRIE

Grid-following inverter Grid-forming inverter
GFL 1 GFL 2 GFM 0 GFM 1 GFM 2
)| 7875 2 df/dt-P droop  df/dt-P droop VSM P-f droop VSM
f-P droop f-P droop Q-V droop Q-Vdroop Q-Vdroop
TSRS = (kVA) 20 49.9 12 20 50
RIMEFSBE (V) 200 200 420 200 440

| |||Ill|||||ll||||ll|||||IIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
A
| IlII|||IIII|IIIIIIIIIIIllIlIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIII!I
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GFLATN EGFMATNDETZ D HIEIXRD—HI

= Grid-following 75T = Grid-forming 751{
o EEOFEZEED o BEROFEHZED
= DFDT (df/dt+df) = Droop
+ + 1
fo 2Hs + G AP rer Py K _’T 1 — Af ref
SHRER mhies sREH ST | mrsias
f P,
sTillELRER sHAEE S
m Frequency-Watt. FFR m Virtual synchronous machine (VSM)
+ + 1
fo G —> AP ref Py X7 G — Af ref
SIRER Ehiae sREN STE | mwsse
f P,
sTillELRER sHAEE S

18
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- o o GFL. GFMODLLER
—— . EREUCEEEE © GFL < GFM

02 04 06 03 ! 2 14 1s 1s 2 . E)H%@jtgé : GFL < GFM

Time (s)

o
o

PCSHH | o GFLEIT. GFM[ETDLIEEL
| . RERER(IZFZFEE
o GE2 - BNIR EDRZEN PRI DIRER

o
O

Change in Active Power (pu)
o

0.05 S \’: ................ GFM 0 d
s \ \[---- GFM 1-
/. ’ . J N . | —JGFM 21

’ 02 04 06 08 1 1.2 1.4 1.6 1.8 2 O %u,ﬁul QEXQ%—:EE L/—C:E)lg—wia){tﬁﬁ

Time (s)
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s BHUUEIEREE(CSRDBND L&
o a. PCSEERDMBEMUTZ ({RISTE) REET.
o b. FFEERORIESMZ{LZENT D/2HD.
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1lin
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BHUIEIEREEEST S PCSODTZ 8O DPHILEUBRAE K,

Modified IEEE 9-bus system model (300 MW)
2 7 3

(:::)—l—(ﬁ)—l_—l:——:l—_l—(ﬁ) . Sew = 60,120,180,240 MVA
< Dynamic PQ Source V. =230 kv

. i
Line impedance sw )

-l—I—s 6—I—l— | vow Scaling | — PCSLLXRZE, ZEMICHE
Ly L T |

T Scaling Filtering | - ZEM4ME £ BERE(L

Bus 1 Trip
Synchronous generator @

Digital real-time
simulation (DRTS)

Y

Shw = 12-50 kVA
Viw = 200-440V

2 | UL [ e =5
EEE 7 4FE=pcs SRR

Hardware

22



230714 MGHfiZi= ©Kikusato, Hiroshi 2023

BHU &I EEET S PCSZREN DT D7

-0.02
-0.04
-0.06
-0.08

Change in Frequency (Hz)
S

B2 Callixe]

@ AIST (©FREA
t @ 5 — Cl:. j&ﬁﬁn:b\

8 9 3 !
GFM inverter model T Digital real-time simulation i Hardware
. (G, for full simulation) swrTsw (DRTS) i in laboratory
Load i
A e ittt \
6 | vsw : D/A oV
1 Scaling converter ] :
! Dynamic PQ Source sV : -10v !
A ! :— (G, for PHIL testing) swrIsw PHIL |n!| GFM Battery
Bus | =T i W _ amplifier | ¥!| inverter | | simulator
. th '
Synchronous @ @ i Ssw | | K | | Moving P.O | 3phase [ Scaling || Delay [=-|  A/D = | Shw Vhw
generator | Shw 1+ Ts average P&Q Meter (1 Scaling converter f.-2hw }l
Modified IEEE 9 bus system model "~~~ ==~~~ ————— - - - - - oo oo oo oo o oo oo oo oo P g
PHIL interface :
=
o 0.06 T T T T T T
N
— 0.02 —
g 0.01
&> 0.04 1
(a5
L 08 09 1 11 12
>
= 0.02 i
3} S
<
—1) GFM inverter (PHIL testing) g 0 s ——1) GFM inverter (PHIL testing)
—2) GFM inverter (Full sim.) o —2) GFM inverter (Full sim.)
- ————3) Conventional inverter (Full sim.)|- = ——3) Conventional inverter (Full sim.)
| | | | | | 1 ‘Q _0.02 1 1 1 1 | | |
0 2 4 6 8 10 12 14 S 0 2 4 6 8 10 12 14
Time (s) Time (s)

Source: H. Kikusato, et al.,

[EiREER

"Verification of Power Hardware-in-the-Loop Environment for Testing Grid-Forming Inv:

erter,” Energy Reports 2023, 9 (supplement 3), 303-311.

BEN



230714 MGHZES ©Kikusato, Hiroshi 2023

@@L AIST (SFREA

PCSEEZRDIENNCHUN, BIEEAZALMENN T DHERPCS. #&F19 SGFL/GFM

GFMI(E80% CELZEICEME

----GFL 1 —GFL 2 ~=~GFM 0 ---- GFM | —GFM 2 ——w/o

-0.02 -

-0.04 -

-0.06 -

_0'08 | 1 | |

0 PCSEE3R: 20% |

Change in Frequency (Hz)

Time (s)

12 14

----GFL 1| —GFL 2 ~~~GFM 0 ---- GFM | —GFM 2 —— w/o

0

-0.02 -

60% |

-0.04 - ==

-0.06 -

==

Change in Frequency (Hz)

-0.08 '
10

Change in Frequency (Hz)

Change in Frequency (Hz)

0

-0.02 -

-0.04 -

-0.06

-0.02

-0.04 -

-0.06

-0.08

40%

14

80% |

14

24

Source: H. Kikusato, et al., "Performance Evaluation of Grid-Following and Grid-Forming Inverters on Frequency Stability in Low-Inertia Power Systems by Power Hardware-in-the-Loop Testing," Energy Reports 2023, 9 (supplement 1), 381-392.
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Better

Worse

Source: H. Kikusato, et al.,

-4-GFL 1 —-—GFL 2 ~o~GFM 0 -©- GFM | —e—GFM 2 ——w/o|

-0.02 : ;
S 00 H=2.35 _
8 G=25 |
s -0.04 + IBR ratio 80% .
Z SR
% _005 | C - @ W 406
=
L -0.06 + 8
S

20%

_0 07 | 1 1
0.2 -0.15 -0.1

Worse (— ROCOF (HZ/5) w3y Better

-4-GFL 1 —+—GFL 2 - -GFM | —o—GFM 2|

-0.05

-0.02 : :
g_oo:), H: 7.05 i
= =
E -0.04 G=25 IBR ratio 80% |
5 0.05
SEReadl A 1
&
© .0.06 F |
&

20%

-0.07 ‘ ' '
-0.2 -0.15 -0.1

RoCoF (Hz/s)

-0.05

Frequency Nadir (Hz)

Frequency Nadir (Hz)

-0.02

- =
() ] [e) ]
(@) () N 8]

-0.07

S o o 09
) ] o =
(@) () N 98]

-0.07

@@L AIST (SFREA

-4-GFL 1 ——GFL2 -©-GFM | ——GFM 2|

IIBR ratio 80%

H=2.35
G=75

-0.2 -0.15 -0.1
RoCoF (Hz/s)

-4-GFL 1 —+—GFL 2 - -GFM | —o—GFM 2|

-0.05

H=0.05
G=25

-0.2 -0.15 -0.1
RoCoF (Hz/s)

"Performance Evaluation of Grid-Following and Grid-Forming Inverters on Frequency Stability in Low-Inertia Power Systems by Power Hardware-in-the-Loop Testing," Energy Reports 2023, 9 (supplement 1), 381-392.
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Stable

©
=
[\

-0.04

1
e
)
N

Change in Frequency (Hz)

1
o
S
o0

12

e
S
co

<
o
N

S
o
g

<
S

Change in Power (pu)

Time (s)

Disable islanding detection

@2 AIST (SFREA
LG

LIV Jn

tEeE (REEN) THENFEE

17 BE

é\ 0 —F— T T
< Unstable
Q-1+t
o
[}
=
o
3.2t
(&
R=
53
=
=
@) -4 I L I ! ! ! I
0 2 4 6 8 10 12 14
? .......................... P
T I 1V W 1 T | N ol
5
z .
o
[a®
g i
Q
en
g
< 4
=
@)
_2 | 1 | | 1 | |
0 2 4 6 8 10 12 14
Time (s)

Enable islanding detection 2
e

Source: H. Kikusato, et al., "Performance Evaluation of Grid-Following and Grid-Forming Inverters on Frequency Stability in Low-Inertia Power Systems by Power Hardware-in-the-Loop Testing," Energy Reports 2023, 9 (supplement 1), 381-392.
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EBEI DB EE T S PCSZ # A S DB TZPHILEHER

2 7 8 9 3 Ssw Vsw Digital real-time
@’FGD—I?EEF'_@ — Dynamic PQ Source simulation (DRTS)
Line impedance = v Lsw :

. ] PV : Scaling | — PCSEEZDZEE; S\ /Shw
Ly I 1 L, Scaling Filtering
1 1

4

BUs 1 @ r PHIL A ey PCS 1 ZE

[ o re v | e | =Hiby ==

Trip amplifier ¥ ] S Vi | | IRIREEIR

Synchronous generator @ thw) Vhw e
o PCS 2 ==

e TI’ o =T A5 EN
Hardware Shws Vaw & [ Shwzr Vhwe IREEEIR

________________________________________________________________________

SEAAEDTFSZREELIEVD, BEFHERDIPCSZ EDK S (CHRHERIT NI LD
v
EHEE. EFEE. BlE/I\SA—IDEFCIRD XS (CHE

2

Source: H. Kikusato, et al., "Power Hardware-in-the-Loop Testing for Multiple Inverters with Virtual Inertia Controls,” Energy Reports 2023, 9 (supplement 10), 458-466.
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B DEHUEEEEN S PCSZE A SO E TZPHILEER

@ AIST (SFREA

2 / 8 9 3 Ssw Vsw Digital real-time
@4_@—'?‘:'74:1_—'_@ Dynamic PQ Source simulation (DRTS)
—— < y
. Ls i
Line impedance Vew SW :
: . - . Scaling | - PCSEEZRDZEE; Se/Shw
L, I 1 L, Scaling Filtering
1 I
Bus 1 @ r PHIL A 1| PCS1T ZE
Tr| . — - Tr. = —
P amplifier A = | S Vi | | ERIEEERIR
Synchronous generator thw) Vhw —
|| PCs2 ZEi
A N P mE == 1=aN
—— Hardware S Vi | | Stz Vi | [ RPEERIR |
, S S/
PCS 1 Shw1 = 20 kVA = S;,1 = 20kVA | 1,1 =200V = use Tr. | Hi = hwi xH,,G! = hw1 G,
Shwl Shwl
— / — — I S}’1w2 I S}’1W2
Shwz Shwz
BARE Shw = Shw1 + Sthwz = 40 kKVA Viw = 440 V -
Source: H. Kikusato, et al., "Power Hardware-in-the-Loop Testing for Multiple Inverters with Virtual Inertia Controls,” Energy Reports 2023, 9 (supplement 10), 458-466.
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FEEUTZEETCTDOPCSHEE T, BARSEZEREZE U SBIETEDILDTHE
FEEUGIH Dz, HERTZPCSIER B EIERGROFRIDMEREZRUTZ,

é 0,04 T T T T T T T T T
~©-GFL 1 -0-GFM | ~»~GFL I, GFL2 ---GFL 2, GFM 1 ~»~GFM 1, GFM 2 E 003 GFL 2 & GFM 2: base 1
—6—GFL 2 ——GFM 2 —*~GFL 1, GFM 2 ——GFL 2, GFM 2 z
-0.04 = 0.02
B T T .a
S 0.01
<
-0.045 K= 0 1 —— Composite output
o —GFL 2
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Detailed Connection Configuration of Each Inverter Under Testing

GFL 1

GFL 2

GFM 0

GFM 1

GFM 2

Battery simulator

@ AIST (SFREA
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Grid simulator
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Specifications of inverters

Table 2. Specifications of inverter prototypes.

@ AIST (©FREA

Name and GFL 1 GFL 2 GFM 0 GFM 1 GFM 2

mverter types

Rated capacity 20kVA 499 kVA 12 kVA 20 kVA 50kVA

Advanced df/dt-P droop, dt/dt-P droop,  VSM, P-f droop, VSM,

control functions  f-P droop f-P droop Q-V droop Q-V droop Q-V droop

IDM (reactive Voltage phase angle RoCoF Unimplemented  Voltage phase angle Voltage phase angle

method; active Jump detection; change Jump detection; jump detection;

method) Frequency feedback detection; Frequency feedback Frequency feedback
method with step Frequency method with step method with step
reactive power shift method reactive power reactive power
injection mjection injection

Current limiting w/ w/ w/ w/0 w/

function

Prototype Prototype 1 Prototype 2 Prototype 3 Prototype 1 Prototype 4

number
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HIL Simulation is a Flexible and Reliable Testing Method

Hardware-in-the-loop (HIL) simulation

Simulation Demonstration Controller HIL (CHIL) Power HIL (PHIL)
Grid
Inverter
Flexibility (Grid)  High Low
Fidelity (Inverter) Low High
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CHIL vs. PHIL

m Both are powerful verification methods, but if we had to choose...

m CHIL is simpler to implementation
o PHIL has interface issues
o Suitable for development by manufactures
Controller HIL (CHIL) Power HIL (PHIL)

m PHIL is more realistic
o CHIL does not include a real power unit
o Suitable for evaluation by utility

Amplifier
L 2
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CHIL Testing to Develop df/dt Function
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Development of df/dt Function

m A virtual inertia control of grid-following (GFL) inverter
o Many control parameters
o Coexist with other grid-supporting functions (frequency-watt, reactive power control, etc.)

v —>

RoCoF
measurement
method

df
dt

Y

RoCoF—watt
characteristic
curve

AP

rrrrrrrrrr

ththththth

Y

@@L AIST (S FREA

PI
Ramp rate
Frequency- P"
—O— P
watt control f
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CHIL Test Accuracy Verification

DRTS, Typhoon HIL 604

Inside the panel

Software E Hardware
DRTS, Typhoon HIL 604 E Inverter Control unit

Model of Interest E Implemented software Battery U, I U, I o

. . Inv r rid Simulator
e e o e Simulator ¢ soi\r/t,c(\e o € dsc?o k\l;Aato
' 207 kVA i i
! PWM :
Settings, monitoring E
HIL SCADA  + i :
A Settings | N Data Acquisition System

E Yokogawa WT3000, WT1800, DL850

CHIL setup Laboratory setup

Source: J. Hashimoto, et al., "Developing a Synthetic Inertia Function for Smart Inverters and Studying its interaction with other functions with CHIL testing,” Energy Reports 2023, 9 (supplement 1), 435-443. 43
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Source: J. Hashimoto, et al.,, "Developing a Synthetic Inertia Function for Smart Inverters and Studying its interaction with other functions with CHIL testing,” Energy Reports 2023, 9 (supplement 1), 435-443.
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CHIL Setup for Parameter Sensitivity Analysis

100 kV /500 kV 500 kV / 100 kV

O SISIINES =S /mE:

T

m Synchronous generator (SG): 300 kVA, 150 kW output
m Inverter-based resource (IBR): 300 kVA, 150 kW output
m Load: 300 kW => 320 kW

Source: J. Hashimoto, et al., "Developing a Synthetic Inertia Function for Smart Inverters and Studying its interaction with other functions with CHIL testing,” Energy Reports 2023, 9 (supplement 1), 435-443. 51
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Result of Parameter Sensitivity by CHIL Testing
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