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Abstract. Green hydrogen production from renewable energy
sources has a big potential to reduce energy dependence on fossil
fuel, contributing to the global goal set by the international
community of net zero emissions by 2050.

Electrolyzers are connected to grid with power stages that can be
designed as active devices with high control capability and a
remarkably fast operation. Nevertheless, in the present, they must
overcome some challenges in order to ensure a reliable operation.
This paper addresses the concept of protection of DC grids with
electrolyzers fed from renewable energy sources. The topologies
of the grid are discussed as well as protection features and fault
clearing strategies. A new dynamic model for multi megawatt
PEM electrolyzer is introduced. Finally, a case study with a PEM
electrolyzer in a MVDC system is included.

Key words. Direct Current, Electrolyzer, Hydrogen,
Grid, Protection.

1. Introduction

Hydrogen can play a key role for reducing the challenges
of renewable energy sources (RES) integration, such as
uncertainty and availability [1]. The hydrogen strategy of
the European Union, adopted in 2020, examines the
potential for renewable hydrogen to assist in the cost-
effective decarbonisation of the EU [2]. It aims to make
renewable hydrogen a viable solution by proposing the
installation of at least 40 GW of electrolyzers by 2030 in
the EU. Therefore, this incipient industry is expected to
gain volume in the medium term [3], however, nowadays
there are just a few manufacturers [4], [5].

An electrolyzer operates decomposing the water molecule
into hydrogen and oxygen using the energy provided by
direct current electricity applied to a pair of electrodes
(anode and cathode) separated by an electrolyte. There are
three main technologies depending on the temperature of
operation, as shown in Fig. 1:

* Low temperature: Alkaline and Polymer electrolyzers.
* High temperature: Solid Oxide electrolyzers.
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Fig. 1. Electrolyzer technologies [6]. a) Alkaline, b) PEM, c)
Solid oxide.

Most conventional electrolyzers make use of power
stages based on Line Commutated Converter (LCC)
technology, which has a number of limitations, such as
low power quality, reduced controllability, low power
density, as well as high harmonic content in the supply
voltage and current, which reduces their efficiency and
useful life [7],[8]. These aspects result in a suboptimal
performance and a negative impact on the grid
connection, which results in an increased cost per kg of
produced hydrogen.

On the other hand, Voltage Source Converter (VSC)
based power stages present a much more flexible
technology. It brings advantages such as the ability to
improve power quality and increase the power density,
efficiency and controllability of the electrolyzer [7], [8].

From the point of view of the power system, an
electrolyzer is a mere power load [9]. However, one of
the fundamental aspects to be considered in the
integration of electrolyzers into the grid and their
coordination with other equipment is fault response. One
of the trends observed in the state of the art is to integrate
electrolyzers through direct current (DC) grids [10].
These grids are subject to faults just like AC networks,
since pole-to-ground or pole-to-pole faults can occur.
Under such conditions, the voltage drops sharply and the
current rises rapidly to very high values that can damage
the power stages of the electrolyzers. If the fault is not
cleared quickly enough, the power stages must self-
disconnect in order to protect themselves. Therefore, it is
necessary to have very fast and reliable protection
systems that are able to prevent component damage [11].
On this way, faults must be detected, located and cleared
in a very small time range, which according to the
literature is estimated to be in the order of 10 ms [12].
DC protection systems have to ensure safety and
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minimize the impact of faults and component stress. To
this end, they must meet the following requirements [13]:
accuracy, speed, sensitivity, selectivity and reliability.

This paper analyses the protection of -electrolyzers
connected to DC grids. This way, the different feasible
topologies are considered as well as their specificities
regarding the protection system. Thereafter, the protection
of one specific MVDC grid with electrolyzers and RES is
addressed.

2. Protection of MVDC grids

This paper just considers electrolyzers connected to DC
grids and other possible applications are neglected. This
way, depending mainly on the rated power, electrolyzers
can be connected to medium voltage DC systems (MVDC)
[14],[15] or high voltage DC systems (HVDC) [16].
HVDC systems are a mature technology that has a place in
today's power system, due to technical and economical
superiority for certain applications, such as bulk
transmission systems over long distances, undersea
connections and integration of large-scale remote RES
[17].

MVDC systems cover the step within HVDC and low
voltage DC (LVDC) systems. Moreover, they provide
added values for AC distribution, including power flow
controllability, operation, power quality and power
management facilities. Nowadays, MVDC systems are
mainly employed in motor drive systems such as marine
applications and aircrafts, and to an extent with RES.
Nevertheless, up to the present, there are just a few MVDC
projects connected to the power system, which are mostly
located in China. For instance, the +27 kV ANGLE-DC
project (UK) [18], the £10 kV three-terminal Jiangdong
MVDC Project [19], Zhuhai Tangjia Bay Project [20], £10
kV three-terminal Zhangbei and AC/DC distribution grid
project [21] and the = 20 kV four-terminal MVDC project
in Suzhou [22].

The number of MVDC systems is foreseen to increase
over the next years due to the rising number of DC loads
and RES, which are overall DC sources. This way, MVDC
systems have been proposed to transfer renewable power
to DC loads, including storage systems and power-to-gas
(P2G), where hydrogen is obtained from an electrolysis
process. In consequence, hydrogen is expected to be a
major application of MVDC grids.

MVDC systems can be considered as a small scale HVDC
system [23], with lower voltage level and shorter
transmission  lines. Nevertheless, comparing with
conventional AC grids, DC grids stand for active systems,
with different characteristics that will contribute to a more
efficient use of existing infrastructures. In brief, the
operation in steady state and fault management will be the
main differences.

Fault management in AC systems consists mainly in
supporting grid protection or maintaining the operation by
supporting the grid. In case of MVDC faults, the goal is to
isolate the affected system and keep the operation of the
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healthy system. The consequences are dependent on the
particular fault case scenario.

A.  Fault management strategy

Fault management strategies for DC distribution grids
can be classified according to the employed interrupting
devices:

e AC circuit breaker. AC circuit breaker (ACCB) based
protection strategy employs the converter AC side
ACCBs to isolate DC faults. This is a low cost practical
solution. Nevertheless, it lacks selectivity as it entails the
interruption of the entire DC grid. This strategy has been
applied in Suzhou [22] and ANGLE-DC projects [18].

* Converters with fault blocking capability. This strategy
employs converter topologies with capability to isolate
faults. One major drawback is the higher complexity and
expense that includes the initial investment as well as the
losses in the useful life. This strategy has been selected in
the Zhangbei Project, with double clamp modular
multilevel converters [21].

* DC circuit breaker: DC circuit breakers (DCCBs) are
employed to isolate the faulted part of the system. This is
a selective strategy with the required fast response.
Nevertheless, in order to achieve a widespread use of
DCCBs, the manufacturing industry should be developed
and the cost reduced. This strategy has been employed in
the Tangjia Bay project [21].

B. Protection

At present, the protection of MVDC systems is still at a
developing stage, as there are still no standards or
regulations. The protection of the DC system mainly
depends on the selected fault clearing strategy, the
protection devices and the fault detection algorithms.

Regarding the configuration of the protection system,
there are some additional issues, comparing with AC
grids that must be addressed [23]:

* The setting of control mode of the converters must be
considered. The leading converter sets the control mode
and the underling converters have to comply with the
variations. This way, any change in the operating control
mode of the leading converter must spread through the
converters line.

* Galvanic isolation between DC grids. Protection with
clear fault indications demands galvanic isolation
between DC grids. In point-to-point DC links, the
transformers located at the AC side of the converters,
provide galvanic isolation. Nevertheless, this solution is
not valid for DC grids and a proper converter type must
be considered.

 Converters can be used to isolate circuits avoiding the
use of DCCBs, as aforementioned. Nevertheless, for the
appropriate protection of feeders in DC grids, DCCBs are
required.
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C. Fault detection algorithms

From the point of view of fault response, protection
algorithms that are responsible for locating and detecting
fault conditions, are classified into local measurement-
based or communication-based algorithms. Algorithms
based on local measurements are very fast, but lack
selectivity and are sensitive to misdetection of external
faults [24], [25]. They can be based on overcurrent [26]
and undervoltage [27] principles, which use current and
voltage magnitudes, respectively, as well as rate of change
of current (ROCOC) [28] and rate of change of voltage
(ROCOV) [29].

Communication-based algorithms use the exchange of data
information between both ends of the protection zone [30].
They are inherently selective [31], but depend on the
communication channel. The communication time delay
may render the protection system unable to meet the rate
requirement [32], even when using optical fibre [33].

Consequently, the communication delay is the most
limiting parameter for these algorithms [34]. Hence, they
are mostly used as back-up protection systems [35], when
transmission distances are relatively short [33] or to
protect against high impedance fault conditions when
speed requirements are not so critical.

3. MVDC grid topologies

The feasible MVDC system topologies are foreseen to be

point-to-point links with two substations at first and later

on, presumably, multiterminal configurations with three or
more VSC based substations. The last one is highly
suitable for the integration of RES and DC loads into the

grid [23][36].

The practical multiterminal topologies are hereinafter

presented:

e Radial Topology: there is a single path for connecting
the existing AC grid with the MVDC system, as
shown in Fig. 2. The MVDC system can comprise
RES, storage systems, DC loads as well as AC loads.
This topology is rather simple, reduces distribution
losses and easily enables different voltage levels. The
main limitation is that in case of failure, service is
interrupted downstream the faulted point.

The unidirectional power flow facilitates the operation
of the protection system. In this regard, overcurrent
based algorithms are a good option.

e Ring Topology: there are two or more paths between
the AC grid and MVDC system, Fig. 3. This topology
requires high speed DC switches located at both ends
of each DC bus to isolate faults. In case of failure, just
the faulted line is isolated while the remaining
systems keep on operating. Ring topology is fully
dependant on the AC grid, as any failure will result in
the loss of the MVDC system. More reliable than
radial topology but the protection system is more
demanding.
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Mesh Topology: there are two or more AC grids
connected to the MVDC system, which is
interconnected by several paths, Fig. 4. This way, the
redundancy results in a higher reliability. Moreover,
in case of failure, the mesh topology just isolates the
faulted DC bus.

Besides, meshed topologies are the most challenging
ones for a selective operation of the protection
system. In MVDC meshed systems communication-
based algorithms can improve the selectivity,
considering that the length of MVDC lines will not
commonly cause large time delays.
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Fig. 4. MVDC Mesh Topology [36].
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4. Case study

The performance of one MVDC system with RES and an
electrolyzers is studied with PSCAD/EMTDC software.
Fig. 5 shows the MTDC system under analysis, which is a
symmetric monopole composed of three MMC half-bridge
converters and one DC-DC converter. Converters 1 and 2
are connected with AC grids, converter 4 is a 500 MW
offshore wind power plant and converter 3 is a 1 MW
electrolyzer. All AC voltages are 33 kV, the voltage of the
MVDC system is + 25 kV and at the electrolyzer is 450
Vdc. This way, the electrolyzer is connected to grid with a
power electronic interface. This converter must provide the
required DC power to the electrolyzer stack, thus, it must
perform a voltage step-down. Moreover, galvanic isolation
is required for protecting the electrolyzer from stray
currents. Additionally, the power conversion should not
present an adverse impact on the grid, according to grid
codes [37].

Regarding fault management strategies, employing AC
CBs for clearing DC side faults requires large operation
times and lacks selectivity. Besides, the critical point in
this study case is that the electrolyzer won’t be properly
protected, as it has no AC CB. Fault blocking capability
converters are overly complex and costly. Finally, the
selected strategy is the based on employing DCCBs, which
is the most feasible one for the considered study case.

The protection algorithm is based on simple undervoltage
and overcurrent algorithms. Moreover, converter valves
are protected against overcurrent with a maximum IGBT’s
current limit of 2 p.u. Each pole of every DC link includes
a mechanical DCCB, which is represented by a black
square in Fig. 5. This constitutes a selective scheme, where
in case of fault just the affected part is disconnected by the
corresponding DCCBs.

A. Dynamic model of the PEM electrolyzer

The dynamic model of a single cell PEM electrolyzer [38]
is shown in Fig. 6. The RC branch emulates the losses in
the anode and represents the transient operation of the
anode reaction while Riy is the membrane resistor. The
open cell voltage V. is a DC voltage which represents the

https://doi.org/10.24084/repqj21.260 181

reversible voltage that must be overcome in order to lead
to the chemical reaction of water splitting into oxygen
and hydrogen.

ANODE | MEMBRANE

| CATODE

Fig. 6. Dynamic model of a single cell PEM electrolyzer.

The model used in this paper is based on the laboratory
characterization of a commercial single cell PEM
electrolyzer. The parameters of the cell equivalent circuit
have been obtained by adjusting the model response to
the measured values of the cell current (orange) and
voltage (green) to a step change in the cell current, as
shown in Fig. 7.

1w H C .

Fig. 7. Commercial PEM electrolyzer measured response to a
current step test.

In order to increase the voltage rating of the electrolyzer
used in the MVDC model, the individual cells are
connected in series forming one string and several strings
are connected in parallel to increase the current rating.
Fig. 8 introduces the dynamic model of an equivalent
electrolyzer, where N; is the number of individual cells in
series and N, is the number of strings in parallel.
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Fig. 8. Dynamic model of a multi megawatt PEM electrolyzer.

The 1 MW and 450 Vdc electrolyzer in the MVDC model
is composed by 70 cells in series and 275 strings in
parallel and has been implemented in PSCAD. Fig. 9
shows the response of the model to a step change in the
current from 0 to nominal value, which is similar to the
response measured in the lab for the individual PEM cell.
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Fig. 9. Simulated response of the dynamic model of a IMW
450Vdc electrolyzer.

B.  Response to DC faults

Pole-to-pole faults in MVDC systems are the most severe
events. On account of this, a permanent solid pole-to-pole
fault is simulated at bus 4 at 1.99 s. Fig. 10 shows the
evolution of the currents in the four converters. Protection
algorithms detect the fault when the currents and voltages
cross respective thresholds. As a result, they send tripping
signals to all DCCBs connected to bus 4. DCCBs interrupt
fault currents at converter 4, which is the most affected
one, in 9 ms. Travelling waves attenuate fault currents in
the remaining converters.

Converters' DC currents

Converter |

1.985 199 1995 2 2005 201 2015 202
t(s)

Fig. 10. Power converter currents.

Fig. 11 shows the positive pole current of the electrolyzer
at the 25 kV dc bus. The fault causes a reversal of the
current that changes from the nominal to 15 times that
value at the peak, after then it is reduced due to the action
of the DCCB. Finally, after some oscillations, the current
is interrupted.

Finally, in case of permanent faults, DCCBs are not
reclosed and converters 3 and 4 will be disconnected while
grid connected converters will continue their operation
after a transient period. This way, a selective and reliable
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protection is assured. Nevertheless, the constraints of
radial meshes arise, as the power supply to the
electrolyzer cannot be maintained

005 Electrolyzer DC current

“L.985 199 1.995 2 2005 201 2015 202
t(s)

Fig. 11. Positive pole current of the electrolyzer.
5. Conclusions

This paper addresses the protection of MVDC grids with
electrolyzers and RES. This way, in the paper, fault
management strategies, protection specifications, fault
detection algorithms for MVDC systems as well as grid
topologies have been discussed.

A case study with RES and one electrolyzer has been
analyzed. A single cell PEM electrolyzer has been
dynamically modelled and the equivalent model of an
electrolyzer with N; series cells and N, parallel strings
has been presented. The response of the MVDC system
for a pole to pole fault has been analysed and the current
from the electrolyzer converter has been characterized.
As a future research work, the response of the PEM
single cell under short circuit in the supply source has to
be compared with laboratory measurements.

Finally, the protection with DCCBs has been considered
as the most feasible fault management strategy for the
analysed case study, providing selectivity and fast
operation. Therefore, it can be concluded that
electrolyzers can be properly protected in MVDC
systems, meeting the protection requirements: sensitivity,
selectivity, speed and reliability

Acknowledgement

The authors gratefully acknowledge the support from the
Basque Government (GISEL research group 1T1522-22
and Elkartek KK-2022/00039).

References

[1] A. Mohammadi, M. Mehrpooya, A comprehensive review
on coupling different types of electrolyzer to renewable energy

sources, Energy, Volume 158, 2018, pp. 632-655,
https://doi.org/10.1016/j.energy.2018.06.073.
[2] European  Commission.  Available:  “Hydrogen”

https://energy.ec.europa.eu/topics/energy-systems-
integration/hydrogen_en, accessed: 10-01-2023

[3] Fundaciéon de Renovables, Oct. 2021: El papel del
hidrogeno en la transicion energética. Available:
https://fundacionrenovables.org/notas/la-fundacion-renovables-
considera-el-hidrogeno-renovable-como-complemento-a-la-
electrificacion-de-la-demanda-de-energia/, accessed: 10-01-
2023.

[4] Enapter.
https://www.enapter.com/applications/research, accessed:
01-2023.

Available:
10-

RE&PQJ, Volume No.21, July 2023



[5] HPS, https://www.homepowersolutions.de/en/product/

[6] E. Amores, M. Sanchez, N. Rojas, M. Sanchez-Molina,
Renewable hydrogen production by water electrolysis,

Editor(s): S. Dutta, C.M.r Hussain, Sustainable Fuel
Technologies Handbook, Academic Press, 2021, Pages 271-313
doi: 10.1016/B978-0-12-822989-7.00010-X

[71 V. Ruuskanen, J. Koponen, A. Kosonen, M. Niemeld, J.
Ahola, A. Hédmaéldinen, “Power quality and reactive power of
water electrolyzers supplied with thyristor converters,” Journal of
Power Sources, vol. 459, May 2020.

[8] J. Koponen, A. Poluektov, V. Ruuskanen, A. Kosonen, M.
Niemeld, J. Ahola, “Comparison of thyristor and insulated-gate
bipolar transitor -based power supply topologies in industrial
water electrolysis applications,” Journal of power Sources, vol.
491, April 2021.

[9] J. Eichman, K. Harrison, M. Peters, “Novel Electrolyzer
Applications: Providing More Than Just Hydrogen,” Golden, CO
(United States), 2014.

[10] W. Deng, W. Pei, Y. Yi, Y. Zhuang, L. Kong, “Study on
enhancing hydrogen production potential from renewable energy
in multi-terminal DC system,” Proc. 4th International Conference
on Electrical Engineering and Green Energy (CEEGE), Munich,
Germany, June 2021.

[11] S. Azazi, M. Sanaye-Pasand, M. Abedini, A. Hasani, “A
traveling-wave-based methodology for wide-area fault location in
multiterminal DC systems,” IEEE Trans. Power Del., vol. 29, n°
6, pp. 2552-2560, Dec. 2014.

[12] J. Descloux, B. Raison, J. Curis, “Protection strategy for
undersea MTDC grids,” Proc. 2013 IEEE Grenoble Conference,
Grenoble, France, June 2013.

[13] L. Zhang, Y. Zou, J. Yu, J. Qin, V. Vittal, G. G. Karady, D.
Shi, Z. Wang, “Modeling, control, and protection of modular
multilevel converter based multi-terminal HVDC systems: a
review,” CSEE J. Power Energy Syst., vol. 3, n° 4, pp. 340-352,
Dec. 2017.

[14]Y. Lin and L. Fu, "A Study for a Hybrid Wind-Solar-Battery
System for Hydrogen Production in an Islanded MVDC
Network," in IEEE Access, vol. 10, pp. 85355-85367, 2022, doi:
10.1109/ACCESS.2022.3193683.

[15] L. Oliveira-Assis, P. Garcia-Trivifio et al., Optimal energy
management system using biogeography based optimization for
grid-connected MVDC microgrid with photovoltaic, hydrogen
system, electric vehicles and Z-source converters, Energy
Conversion and Management, Volume 248, 2021, 114808,
https://doi.org/10.1016/j.enconman.2021.114808.

[16] J. Li et al., "Coordinated Planning of HVDCs and Power-to-
Hydrogen Supply Chains for Interregional Renewable Energy
Utilization," in IEEE Transactions on Sustainable Energy, vol.
13, mno. 4, pp. 1913-1929, Oct. 2022, doi:
10.1109/TSTE.2022.3175855.

[17] A. Alassi, S. Banales, O. Ellabban, G. Adam, C. Maclver,
HVDC Transmission: Technology Review, Market Trends and

Future  Outlook, Renewable and Sustainable Energy
Reviews,.Vol. 112, 2019, Pp. 530-554,
https://doi.org/10.1016/j.rser.2019.04.062.

[18] ANGLE-DC, 2015 Electricity Network Innovation

Competition, Ofgem. Available:
https://www.ofgem.gov.uk/ofgem-
publications/97841/anglesubmission-pdf, accessed 12-01-2023:
[19] NR’s MVDC Solution, +10kV JiangDong MVDC for
optimizing distribution network. Available:
https://www.nrec.com/en/web/upload/2019/05/14/155782263099
7rxt25.pdf, Accesed on 12-01-2023

[20] L. Qu, et al., “Planning and analysis of the demonstration
project of the MVDC distribution network in Zhuhai”, Frontiers
in Energy, vol. 13, pp. 120-130, 2019.

[21] X. Wang, R. Chen, J. Ge, T. Cao, F. Wang and X. Mo,
"Application of AC/DC Distribution Network

https://doi.org/10.24084/repqj21.260

183

Technology Based on Flexible Substation in Regional Energy
Internet," 2019 IEEE Innovative Smart Grid Technologies -
Asia (ISGT Asia), Chengdu, China, 2019, pp. 4340-4345

[22] C. Liang, J. Mengmeng, H. Qiang, Y. Xiaodong and L.
Fei, "Engineering Simulation Analysis and

Demonstration Application of Multi-terminal DC Distribution
System," 2018 International Conference on Power System
Technology (POWERCON), Guangzhou, 2018, pp. 2343-2349.
[23] WG C6/B4.37 Cigre, Medium voltage DC distribution
systems, Ref. 875, July 2022.

[24] G. Buigues, V. Valverde, 1. Zamora, D. M. Larruskain, O.
Abarrategui, A. Iturregi, “DC fault detection in VSC-based
HVDC grids used for the integration of renewable energies,”
Proc. 2015 International Conference on Clean Electrical Power
(ICCEP), Taormina, Italy, June 2015.

[25] R. E. Torres-Olguin, H. K. Heidalen, “Inverse time
overcurrent protection scheme for fault location in multi-
terminal HVDC,” Proc. 2015 IEEE Eindhoven PowerTech,
Eindoven, Netherlands, June-July 2015.

[26] J. Yang, J. E. Fletcher, J. O’Reilly, G. P. Adam, S. Fan,
“Protection scheme design for meshed VSC-HVDC
transmission systems of large-scale wind farms,” Proc. 9th IET
International Conference on AC and DC Power Transmission
(ACDC 2010), London, UK, Oct. 2010.

[27] W. Leterme, N. Ahmed, J. Beerten, L. Angquist, D. V.
Hertem, S. Norrga, “A new HVDC grid test system for HVDC
grid dynamics and protection studies in EMT-type software,”
Proc. 11th IET International Conference on AC and DC Power
Transmission, Birmingham, UK, Feb. 2015.

[28] N. Geddada, Y. M. Yeap, A. Ukil, “Experimental
validation of fault identification in VSC-based DC grid
system,” IEEE Trans. Ind. Electron., vo. 65, n® 6, pp. 4799—
4809, June 2018.

[29] J. Sneath, A. D. Rajapakse, “DC fault protection of a nine-
terminal mmc HVDC grid,” Proc. 11th IET International
Conference on AC and DC Power, Birmingham, UK, 2015.

[30] L. Jahn, N. Johannesson, S. Norrga, “Survey of methods for
selective DC fault detection in MTDC grids,” Proc. 13th IET
International Conference on AC and DC Power Transmission
(ACDC 2017), Manchester, UK, Feb. 2017.

[31] A. K. Marten, C. Troitzsch, D. Westermann, ‘“Non-
telecommunication based dc line fault detection methodology
for meshed HVDC grids,” IET Gener. Transm. Dis., vol. 10, pp.
4321-4239, July 2016.

[32] R. Li, L. Xu, “Review of DC Fault Protection for HVDC
Grids,” WIREs Energy and Environ., Dec. 2017.

[33] 1. Dallas, C. Booth, “Teleprotection in multi-terminal
HVDC supergrids,” Proc. 12th IET International Conference on
Developments in Power System Protection (DPSP 2014),
Copenhagen, Denmark, March-April, 2014.

[34] M. J. Pérez-Molina, D. M. Larruskain, P. Eguia Lopez, O.
Abarrategi, M. Santos- Mugica, “A comparison of non-unit and
unit protection algorithms for HVDC grids,” Proc. AEIT
HVDC International Conference 2019, Florence, Italy, 2019.
[35] D. Naidoo, N. M. Jjumba, “HVDC line protection for the
proposed future HVDC systems,” Proc. 2004 International
Conference on Power System Technology (PowerCon),
Singapore, Nov. 2004.

[36] CIGRE TB 793, Medium voltage direct current (MVDC)
grid feasibility study, 2020.

[37] B.L.H. Nguyen, et al., "Power Converter Topologies
for Electrolyzer Applications to Enable Electric Grid
Services," IECON 2021 — 47th Annual Conference of the
IEEE Industrial Electronics Society, Toronto, ON,
Canada, 2021.

[38] B. Yodwong et al, “Proton Exchange Membrane
Electrolyzer Modeling for Power Electronics Control: A Short
Review” Journal of Carbon Research, C2020, 6, 29

RE&PQJ, Volume No.21, July 2023





