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* North American Electric Reliability Corporation, Atlanta, GA, USA. (2021). Grid Forming Technology Bulk Power System Reliability Considerations.
** “Voluntary Specification for Grid-forming Inverters,” AEMO, May 2023.
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* M. Tozak, S. Taskin, I. Sengor and B. P. Hayes, “Modeling and control of grid forming converters: A systematic review,” IEEE Access, vol. 12, pp. 107818107843, (2024).
* H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid: control strategy, stability, application, and challenges,”
Journal of Modern Power Systems and Clean Energy, vol. 9, no. 6, pp. 1239-1256, (2021).
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*H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid:
control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no.
6, pp. 1239-1256, (2021).
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control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no. 6,
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*H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid:
control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no. 6,
pp. 1239-1256, (2021).
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*H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid:
control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no. 6,
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*H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid:
control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no. 6,
pp. 1239-1256, (2021).
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Q.-C. Zhong and G. Weiss, “Synchronverters: Inverters that mimic synchronous generators,” IEEE Trans. Ind. Electron, vol. 58, no. 4, pp. 1259-1267, (2011).
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*H. Zhang, W. Xiang, W. Lin and J. Wen, “Grid forming converters in renewable energy sources dominated power grid:
control strategy, stability, application, and challenges,” Journal of Modern Power Systems and Clean Energy, vol. 9, no.
6, pp. 1239-1256, (2021).
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B. B. Johnson, S. V. Dhople, A. O. Hamadeh, and P. T. Krein, “Synchronization of parallel single-phase inverters with
virtual oscillator control,” IEEE Trans. Power Electron., vol. 29, no. 11, pp. 6124-6138, (2014).
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T. Jouini, C. Arghir, and F. Drfler, ‘‘Grid-friendly matching of synchronous machines by tapping into the DC storage,’’ IFACPapersOnLine, vol. 49, no. 22, pp. 192-197, Jan., (2016).

C. Arghir, T. Jouini, and F. Dérfler, ‘*Grid-forming control for power converters based on matching of synchronous machines,’” Automatica, vol. 95, pp. 273-282, Sep. 2018.
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L. Huang, H. Xin, W. Zhen et al., “A virtual synchronous control for voltage-source converters utilizing dynamics of DC-link capacitor to realize self-

synchronization,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 5, no. 4, pp. 1565-1577, Dec. 2017.

* 0. D. Adeuyi, M. Cheah-Mane, J. Liang et al., “Fast frequency response from offshore multiterminal VSC-HVDC schemes,” IEEE Transactions on
Power Delivery, vol. 32, no. 6, pp. 2442-2452, Dec. 2017.

* 1. Cvetkovic, D. Boroyevich, R. Burgos et al., “Modeling and control of grid-connected voltage-source converters emulating isotropic and anisotropic
synchronous machines,” in Proceedings of 2015 IEEE 16" Workshop on Control and Modeling for Power Electronics (COMPEL), Vancouver,
Canada, Jul. 2015, pp. 1-5.

* F. Milano, F. Dorfler, G. Hug et al., “Foundations and challenges of low-inertia systems (invited paper),” in Proceedings of 2018 Power Systems
Computation Conference (PSCC), Dublin, Ireland, Jun. 2018, pp. 1-25.
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(from North American Electric Reliability Corporation: NERC)
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* R. Rosso, X. Wang, M. Liserre, X. Lu, and S. Engelken, ““Grid-forming converters: Control approaches, grid-
synchronization, and future trends—A review,” IEEE Open J. Ind. Appl., vol. 2, pp. 93-109, (2021).
** R. Rosso, J. Cassoli, G. Buticchi, S. Engelken, and M. Liserre, “Robust stability analysis of LCL filter based
synchronverter under different grid conditions,” IEEE Trans. Power Electron., vol. 34, no. 6, pp. 5842-5853, (2019).

*#*R. Rosso, S. Engelken, and M. Liserre, ‘“‘Robust stability analysis of synchronverters operating in parallel,” IEEE
Trans. Power Electron., vol. 34, no. 11, pp. 11309-11319, (2019).
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* Y. Si, N. Korada, Q. Lei, and R. Ayyanar, ““A robust controller design methodology addressing challenges under system uncertainty,”
IEEE Open J. Power Electron., vol. 3, pp. 402418, (2022).

** L. Huang, H. Xin, and F. Drfler, ‘“Hoo-control of grid-connected converters: Design, objectives and decentralized stability certificates,”
IEEE Trans. Smart Grid, vol. 11, no. 5, pp. 3805-3816, (2020).

***F. Sadeque, D. Sharma, and B. Mirafzal, ““Seamless grid-following to grid-forming transition of inverters supplying a microgrid,” in
Proc. IEEE Appl. Power Electron. Conf. Expo. (APEC), Mar. 2023, pp. 594—-599.
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B. Fan, T. Liu, F. Zhao, H. Wu and X. Wang, “A review of current-limiting control of grid-forming inverters
under symmetrical disturbances,” IEEE Open Journal of Power Electronics, vol. 3, pp. 955-969, (2022).
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B. Fan, T. Liu, F. Zhao, H. Wu and X. Wang, “A review of current-limiting control of grid-forming inverters
under symmetrical disturbances,” IEEE Open Journal of Power Electronics, vol. 3, pp. 955-969, (2022).
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*L. Huang, H. Xin, Z. Wang, L. Zhang, K. Wu, and J. Hu, “Transient stability analysis and control design of droop-controlled voltage source converters
considering current limitation,” IEEE Trans. Smart Grid, vol. 10, no. 1, pp. 578-591, (2019).
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B. Fan, T. Liu, F. Zhao, H. Wu and X. Wang, “A review of current-limiting control of grid-forming inverters
under symmetrical disturbances,” IEEE Open Journal of Power Electronics, vol. 3, pp. 955-969, (2022).
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M. Tozak, S. Taskin, I. Sengor and B. P. Hayes,
“Modeling and control of grid forming converters: A
systematic review,” IEEE Access, vol. 12, pp.
107818—-107843, (2024).

GFM Wind R. Musca, A. Vasile, and G. Zizzo, “Grid-forming

JO> 104 SFh F &2l

Zurich BESS Switzerland 2012 BESS
Mackinac HVDC USA 2012 HVDC
Ausnet GESS Australia 2012 Hybrid
St. Eustatius 11 Project Netherlands 2017 Hybrid
Hornsdale Power Reserve Australia 2017-2020 |BESS
DEMOCRAT Project Europe 2018 BESS
Tetiaroa Island French Polynesia |2018 Hybrid
Graciosa Island, Canary Islands Spain 2018 Hybrid
La Plana Hybrid Project Spain 2018 Hybrid
Dalrymple BESS (ESCRI-SA) Australia 2018-2019 |BESS
OSMOSE Project Europe 2018-2022 |Hybrid
Bordesholm BESS Germany 2019 BESS
Dersalloch Wind Farm Scotland 2019

Saba Island Netherlands 2019 Hybrid
NREL’s Wind Turbine at Flatiron Campus |[USA 2019 Hybrid
Torrens Island BESS Australia 2023 BESS
Neilston Greener Grid Park Project Scotland -2024 BESS
Coylton Greener Grid Park Project Scotland -2024 BESS
Blackhillock BESS - Phase 1 Scotland -2024 BESS
Kilmarnock BESS - Phase 1 Scotland -2024 BESS
Broken Hill BESS Australia -2025 BESS
Liddell Battery Project Australia -2026 BESS
Blackhillock BESS - Phase 2 Scotland -2026 BESS
Kilmarnock BESS - Phase 2 Scotland -2026 BESS
Eccles BESS Scotland -2026 BESS
Palmerston BESS Australia BESS
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converters. A critical review of pilot projects and
demonstrators,” Renew. Sustain. Energy Rev., vol.
165, Art. no. 112551, (2022)

M. Koller, T. Borsche, A. Ulbig, and G. Andersson,
“Review of grid applications with the ZurichlMW
battery energy storage system,” Electr. Power Syst.
Res., vol. 120, pp. 128-135, (2015).
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€ Battery energy storage system (BESS)
€ hybrid power plant

¢ HVDC
& 57 EVESNER DIE(ERE (static synchronous compensator: STATCOM)
> 151

& ABB : PCS100 ESS1>/)\—%4

€ Hitachi energy : e-mesh Energy Storage

& > —A> X : Proteus PCS-E-1 > /)\—%4

€ Huawei : LUNA2000-200KTL-H1 Smart PCS

€ SMA : Sunny Central Storage-f >/ \—7%4

& Hi7TJ>— : HVDC (MACH) mlFmodular advanced control
(BmAHOT (T Grid forming"E 2 (EENICEE T DI N DD EDZ IR

<&SEXH>

M. Tozak, S. Taskin, I. Sengor and B. P. Hayes, “Modeling and control of grid forming converters: A systematic review,” IEEE Access, vol.
12, pp. 107818-107843, (2024).
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GFM BESS (A—X S U7EEREF)

» In operation
€ Dalrymple BESS- 30 MW/8MWh
€ Hornsdale Power Reserve — 150 MW/193.5 MWh
4 Wallgrove - 50 MW/75MWh

» Under construction

€ Broken Hill - 50MW/100 MWh
€ Riverina/Darlington Point — 150MW/300MWh
€ Capital - 100 MW

» The Australian Renewable Energy Agency (ARENA) Funded
Liddell — 250 MW/500 MWh

Gnarwarre — 250 MW/550 MWh

Moorabool - 300MW/450MWh

Hopeland — 200 MW/400MWh

Blyth — 200MW/400MWh

Mortlake — 300MW/900MWh

Bungama - 200 MW/400MWh ~ <&&Xm\>

Mount Fox — 300MW /60 OMWh Aust¥a11an Lanflscape of Gr1d—F9rm1ng Batteries (2923.8)

https://www.esig.energy/australian-landscape-of-grid-forming-batteries/

006060000
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€ North American Electric Reliability Corporation (NERC)"
€ Australian Energy Market Operator (AEMO)™

Grid Forming Control for BPS-
Connected Inverter-Based Resources are
controls with the primary objective of
maintaining an internal voltage
phasor that 1s constant or nearly

constant in the sub-transient to transient
time frame. This allows the IBR to
immediately respond to changes in the
external system...

Specification for
Grid-forming
Inverters

*North American Electric Reliability Corporation, Atlanta, GA, USA.
(2021). Grid Forming Technology Bulk Power System Reliability
Considerations.

**“Voluntary Specification for Grid-forming Inverters,” AEMO,
May 2023.
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> cross-forming control*(He et al. (2025))
& AEPEETT—Y (DEET) D#ERF (Voltage angle-forming)
0 HHEROKRKET=ZIETIEICHIFE (Current magnitude-forming)

HOERORESE v, = A >
Zte )HE_I'{E(L_IL:EIJ"E'] B =121

é v Cf Grid
WﬁBEEJ_jI B Y,
V,DFEE = S |

| Cross-formingDZF[O]F&[E]*

*X. He, M. A. Desai, L. Huang and F. Dorfler, “Cross-forming control and fault current limiting
for grid-forming inverters, IEEE Trans. Power Elect., vol. 40, no. 3, pp. 3980-4007, (2025).
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AC grid 1 p, GtM . GFL AC grid 2
__JBENL __ I DCEBFE |, :

[ ' El 9} [Vdc i) P ’g}
GFM-GFLA&RL
GFM-GFMA&RK

AC grid 1 p, GiM " GFM AC grid 2
@ ////// ////// JG —|— VdC JG ////// ////// @
_ L EmEn _IpcEE |,

[ | P «9} [Vdc S ‘9}

G. Shafique, J. Boukhenfouf, F. Gruson, F. Colas and X. Guillaud, "DC Voltage Control with Grid-Forming Capability for Enhancing Stability of
HVDC System," in Journal of Modern Power Systems and Clean Energy, vol. 13, no. 1, pp. 66-78, January 2025, doi: 10.35833/MPCE.2024.000822.
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G. Shafique, J. Boukhenfouf, F. Gruson, F. Colas and X. Guillaud, “DC Voltage Control with Grid-Forming Capability for Enhancing Stability of
HVDC System,” in Journal of Modern Power Systems and Clean Energy, vol. 13, no. 1, pp. 66-78, January 2025, doi: 10.35833/MPCE.2024.000822.
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* Q. Salem, B. B. Fawaz, R. Aljarrah and M. Karimi, “Grid forming converters for low inertia systems-capabilities and limitations:
A critical review,” IEEE Open Journal of the Industrial Electronics Society, vol. 6, pp. 775-801, 2025
** H. Xin, C. Liu, X. Chen, Y. Wang, E. Prieto-Araujo and L. Huang, “How many grid-forming converters do we need?
A perspective from small signal stability and power grid strength,” IEEE Trans. Power Syst., vol. 40, no. 1, pp. 623-635, (2025).
**#*R. Aljarrah, B. B. Fawaz, Q. Salem, M. Karimi, H. Marzooghi and R. Azizipanah-Abarghooee, “Issues and Challenges of Grid-

Following Converters Interfacing Renewable Energy Sources in Low Inertia Systems: A Review,” in IEEE Access, vol. 12,
pp. 5534-5561, 2024, doi: 10.1109/ACCESS.2024.3349630.
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