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C-HIL Validation of Hybrid Microgrid

Background and Objectives
➢ There is an increasing trend towards integration of DC and AC microgrids as a hybrid
power system.
➢ Hybrid microgrid (HMG) architectures can benefit from the advantages of DC microgrids,
such as no need for synchronization of distributed energy resources (DERs), reduced
number of conversion stages and no circulation of reactive power.
➢ HMG also takes advantage of already developed technology available from AC utility grids
(e.g. transformers, protection devices).
➢ This effort aims to investigate integrating AC and DC microgrids using battery energy
storage system (BESS) integrated with modular multilevel converter (MMC) as an
interlinking converter between microgrids.
➢ Connecting batteries to MMC systems allow low-voltage battery packs to be integrated to
electrical grids in a modular fashion. This is a potential opportunity to repurpose packs that
are employed in different applications.
➢ The functionalities to increase the resiliency of the interlinking converter and its operation
with the utility-grid are validated through controller hardware-in-the-loop (C-HIL) results.

Hybrid Microgrid with BESS-MMC
➢ The HMG with BESS-MMC as interlinking converter is shown in Figure (1).
➢ AC microgrid can be directly connected to medium-voltage or low-voltage through stepdown transformers. Local DERs and loads can be connected to the AC microgrid.
➢ BESS-MMC common DC-bus creates the DC grid where local DERs and loads can be
connected.
➢ Low-voltage battery packs are connected in a modular fashion through step-up bidirectional
converters.

➢ Hardware-in-the-loop platforms, such as
the one shown in Figure (2), provide ultrahigh-fidelity real-time simulation of power
electronics
modules,
which
brings
significant advantages in terms of safety
and reducing time of design and validation
of microgrids.
➢ Multiple HIL devices are connected in
parallel, each emulating a crucial part of
the HMG: AC microgrid, BESS-MMC
interlinking converter and DC microgrid.

Table I – System Specifications
Parameter

Value
Considered

AC DER Power

12 𝑘𝑊

DC DER Power
BESS Power
MMC Power
AC Grid Voltage
DC Grid Voltage

12 𝑘𝑊
6 𝑘𝑊
18 𝑘𝑊
208 𝑉𝑅𝑀𝑆
400 𝑉𝐷𝐶

➢ Texas Instruments microprocessors are
utilized to externally control the many
different power converters present in the
hybrid microgrid architecture.
➢ Figure (3) showcases two different LVRT
strategies for the system under two-phase
voltage sag scenario: balanced current
injection, balanced power injection.
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➢ Figure (4) shows an islanded mode
operation with unbalanced load with an
internal power balancing scheme to avoid
SoC deviation in each phase.
➢ Figure (5) shows an islanded mode of
operation, where battery power is utilized to
provide for both AC and DC grids. The
transient shows a slow increase of AC-side
generation, and reduced use of the
batteries.
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Figure (2) – Hybrid Microgrid Testbed
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Figure (3) – Hybrid Microgrid operation under LVRT scenario
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Figure (4) – Hybrid Microgrid operation in islanded mode with unbalanced load conditions

Figure (1) – Hybrid Microgrid Architecture
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Interlinking Converter Functionalities

➢ Power injected to grid through BESS-MMC abides grid-codes even for low voltage ridethrough (LVRT) scenarios.
➢ In case power imbalance is present, to avoid SoC deviation, power is redistributed internally
to the BESS-MMC.
➢ In case of module failure, the module is bypassed to allow continuous operation of BESSMMC, thus increasing system resiliency.
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➢ The BESS-MMC is responsible for creating (i.e. regulating the DC bus voltage) the DC
microgrid. If AC utility-grid is not available, the BESS-MMC also creates (i.e. regulates grid
voltage magnitude and frequency) the AC microgrid.
➢ To maintain system stability, the BESS-MMC is also responsible for transferring power from
AC to DC side and vice-versa as required. In case power deficit appears on both sides,
batteries are responsible for supplying power to the most critical loads.
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Figure (5) – Power management operation for islanded mode

Conclusion and Future Work
➢The proposed HMG architecture with BESS-MMC allows multifunctional operation in both
AC utility grid-connected and islanded modes, as validated through C-HIL results.
➢ Stability analysis study can be utilized to identify key parameters and conditions that lead to
system-wide instability.
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