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Are grid-forming converters a viable solution for interconnected

The concept of grid-forming (GFM) converters originally in-troduced for micro and islanded grid ap

,,has been proposed as a viable solutionfor enhancing system sta-bility and resiliency.o in
power networks with high penetration of power electronics-based generation.

Can grid-forming control strategies support the voltage andfrequency of the grid?

Grid-forming control strategies can support the voltage and frequency of the grid without ah’);tmevel
control(Chapter two). The importance of SGs (Static Synchronous Generators) from power system stability
point of view is highlighted,and grid-forming control strategy is introduced as a promising method for
maintaining voltage and frequency in future power system applications.

What is the difference between a GFL control and a grid forming control?

The other one is the grid-forming (GFM) control, which regulates the frequency and the voltages of the
inverter outputs and provides inertia and damping for the system. Because the GFL control needs an extra
voltage source to provide voltage and frequency references, it cannot operate in a stand-alone mode.

What is the role of TSOs in grid-forming converters?

The objective of this project is to build an RMS model of a grid-forming converter,enabling TSOs to perform
system analysis where grid-forming units are present in their power system. With the RMS model,they can
determine the requirements for grid-forming integration.

How to achieve smooth transition from grid-tied mode to stand-alone mode?

According to this limit of the application, many methods have been proposed for the three-phase inverters to

realize the smooth transition from grid-tied mode to stand-alone mode -. The GFL control is applied in the
grid-tied mode, while the GFM control is applied in the stand-alone mode.
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Grid-Forming Control Methods for Weakly
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The grid-forming capability of electrolyzer is linked
to its hydrogen production constraints, which can
potentially pose limitations on the grid-forming
services. Besides the grid-forming mode, two
additional operating modes, i.e., DC voltage mode
and constant power mode, are proposed to ensure

INTEGRATED DESIGN
ASY TO TRANSPORT AND INSTALL

a safe operation of the electrolyzer in case of

These jurisdictions have identified the potential of
grid-forming (GFM) technology as a key enabler to
f support the energy transition with very few or no

- synchronous generators online. Until recently,

practical applications of GFM inverters were limited
to microgrids and isolated grids and in smaller grid
applications on the order of a few tens
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In the short term, research opportunities exist for
creating new grid-forming hardware, software, and
controls, redesigning regulatory and technical
standards, and developing advanced modeling
techniques. Building on these, the authors envision

a future where grid-forming inverters are integrated
into electric grids of steadily increasing size
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These inverters referred to as "Grid- Forming"
(GFM) inverters, are tasked with supporting a stable
voltage and frequency in a variety of situations,
including the connection or disconnection

PCS EMS

]

Denmark is an extreme example, where renewable
energy has reached 67% of the total electric supply
[4]. According to the climate Grid-forming (GFM)
converters are sought as a potential solution for
RES integration to overcome the stability issues in
the weak inertial system compared to the
traditionally
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This paper addresses the transient stability of
grid-forming (GFM) inverters when transitioning
from the islanded to grid-connected mode. It is
revealed that the reconnection of the GFM inverters

Based on the Grid Connection European
Stakeholder Committee published a report including
a contribution how to integrate grid-forming into
upcoming European Grid Connection Network
Codes (GC NC). In [ 11 ] the EU Agency for the
Cooperation of Energy Regulators (ACER)
integrates these contributions into its proposal to
amend the existing

In a study by Rosso et al. (2021), various aspects of
Grid-Forming (GFM) converters are explored,
focusing on their implementation challenges and
future trends. The study delves into the ???
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,Grid-forming ,"? 1/4 ?VSM? 1/4 ?",,,Grid-forming
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Yang is with the Department of Wind and Energy
Systems at the Technical University of Denmark,
Anker Engelunds Vej 1, Bygning 101A, 2800
Kongens Lyngby, Denmark (e-mail: gyyan@dtu.dk).
Abstract. When grid-forming (GFM) inverter-based
resources (IBRs) face severe grid disturbances
(e.g., short-circuit faults), the current limitation
mechanism

Most power electronic systems today use
grid-following (GFL) inverter controls. Due to their
widespread use and growing installed capacity, it is
important to understand the characteristics, dynamic
behavior and potential contribution to grid reliability
of these inverters.
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- Power Conversion
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?7?? The project uses a Grid-forming inverter with
the frequency-droop control scheme ??? The BESS
can work in the islanded mode and serve the load if
the subtransmission circuit is disconnected. The
BESS is the primary source in the microgrid ???
The BESS is operated in the grid-forming mode
when grid-connected 17

grid-following (GFL) control, which regulates the
active and reactive power injected to the power grid
and has a fast response but provides almost no
inertia for the system. It is synchronized ??7?

o0 Example - Denmark: Denmark's electric supply
now comprises a staggering 67% of renewable
energy. Grid-Forming vs. Grid-Following
Converters: o Active Control: Grid-forming
converters have the ability to actively control
frequency and voltage outputs. o Contrasting
Traditional Approach: They offer a fresh perspective
and
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?7?7? Grid???forming functionality ??? Where to
"grid???form”, how to specify? ??? Influence

onshore ??? Offshore fast dynamics propagating
onshore ??? Loss of largest unit ???effect of

adverse interactions?

Traditionally, inverters in power systems have been
designed to operate in grid-following mode,
meaning they follow grid voltage and frequency and
regulate active and reactive power. In a grid-forming
inverter, voltage and frequency are actively
controlled, and this capability is particularly
important in microgrids and in situations where

Grid Forming technology is a control technique that
enables inverter-based resources (e.g. wind,
batteries, solar photovoltaic systems etc) to act as a
voltage source behind an impedance, or in simpler
words to mimic the behaviour of the traditional

synchronous machine.
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,,,,,,,,,,,,,,,,,,,,, Grid-Forming Inverters ??? Inverter-base resources

@ WORKING PRINCIPLE

?7?7? Grid-forming inverter control ??? Regulate
terminal voltage ??? Islanded operation, maintain
grid stability, black start, etc. ??? Types of
grid-forming inverter control: droop [1], virtual
synchronous machine [2], virtual oscillator
controllers (VOC) [3] [1] Chandorkar, M.C., et.al.
1993.

system stability. Grid-forming (GFM) controls can
address the instability issues of wind turbines under
weak grid conditions as they do not require the PLL
[8]. Instead, a wind turbine with GFM control
behaves as a controllable voltage source behind a
oM racrnee O B —— 75 low-output impedance, which forms the voltage

ENERGY STORAGE SYSTEM ! |

amplitude and frequency of the local grid. Thus

grid-forming control schemes [28]. However, the
modeling and analysis principles apply to different
grid-forming control schemes because the model is
derived by transfer functions. The studied
three-phase grid-forming VSC is shown in Fig. 1
with a single-line representation connected to a grid
through the grid impedance, Lg. The power control
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Les Grid Forming Batteries sont souvent utilis?es en

b gy Australie dans de petits syst?mes hors r?seau, mais
= | / .
i il e ? ?
[ I 1 [ 1 " sl sont maintenant de plus en plus d?ploy?es dans
- des r?seaux plus vastes, tels que ceux qui

alimentent les ?normes mines de Pilbara en
Australie occidentale, et sont de plus en plus
d?ploy?es dans le r?seau principal de cette grande

Grid-following Grid-forming ,???

N /|
h__/

Challenges and potential solutions of grid-forming
converters applied to wind power generation
system???An overview Liang Huang1*, Chao Wu2,
Dao Zhoul, Liang Chenl, Daniela Pagnanil,3 and
Frede Blaabjergl 1AAU Energy, Aalborg University,

4 Aalborg, Denmark, 2Department of Electrical
. Engineering, Shanghai Jiaotong University,
§ Shanghai, China, 3Electrical System ??7?
§
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oM axreee I B This paper explores the capability of grid-forming

ENERGY STORAGE SYSTEM

(GFM) offshore wind turbine generators (OF WTGS)
to operate in an islanded mode and to

(
\

re-synchronize with the grid. The transient stability
of the WTG during the onset of the islanding and
during re-

- ) H I

-

Exploring Grid Forming Energy Storage. On the
other hand, grid forming energy storage systems
are designed to "form" the grid independently if

needed. They can operate both in connection with
the main grid and in an isolated or "islanded" mode,
where they create their own frequency and voltage
reference.

lo wer po wer, these grid-forming droop-based
strate gies can be e xtended to lar ge po wer O WFs
operating in islanded mode, taking into account their
¢ har acteristcs, as demonstrated by Blasco

215kWh

(C) 2025 Solar Energy Resources 10/12 Web: https://www.gebroedersducaat.nl



GRID FORMING MODE DENMARK SOLAR

A detailed small-signal analysis, based on the
system's eigenvalues, participation factors and

‘ mode shapes, is then performed in a reduced

E ,’ system for different converter penetrations, showing
that

114KWh ESE

Mracrnee I IS a large disturbance, the power grid will lack the
ENERGY STORAGE SYSTEM . . .
| rocad — ability to maintain a stable voltage and frequency. In
: order to improve the stability of the power grid, the
traditional grid-following (GFL) control is needed to

be converted to the grid-forming (GFM) control. This
paper

Grid forming batteries can increase the system
strength and therefore help to support the operation
of inverter-connected renewables, in a similar
manner as synchronous condensers. Provision of
this service has minimal impact on a battery's
commercial services. In the study we demonstrated
that a grid forming battery of similar
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Abstract. This chapter provides a bird-eye-view of
more-electronic power grids, thereby laying a solid
foundation for the following chapters. Notably,

grid-forming converters are the enabling unit and
building block in more-electronic power grids, while
more-electronic power grids serve as the major
application scenario of grid-forming converters.
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