International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

Optimizing Performance: Water and Power
Management Systems in Fuel Cell Technology

Vinay Nagarad Dasavandi Krishnamurthy

Software Engineer Bosch USA Michigan- USA
Email: vinayndk9[at]gmail.com

Abstract: Fuel cell technology presents a promising avenue for clean and efficient energy conversion, particularly in light of concerns
regarding fossil fuel depletion and environmental impact. This paper explores the critical role of water and power management systems
in optimizing the performance of fuel cells. A comparison between batteries and fuel cells highlights the advantages of the latter, such as
higher energy density and faster refueling times. The discussion delves into the basic working principles of Proton Exchange Membrane
Fuel Cells (PEMFCs), emphasizing the importance of effective water management to prevent flooding and ensure operational efficiency.
Issues related to water management, such as flooding and polarization loss, are identified, and strategies for addressing these challenges
are discussed. Additionally, the goal and function of both Water Management Systems (WMS) and Power Management Systems (PMS)
are elucidated, emphasizing the need for stability, efficiency, and precise power delivery in fuel cell systems. Through the implementation
of robust water and power management systems, fuel cell technology can realize its potential as a reliable and clean energy source for

various applications, contributing to a sustainable energy future.
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1. Introduction

The depleting fossil fuel reserves and environmental worries
have led to rising capital investment in alternative energy
sources i.e. hydrogen and fuel cells. Fuel cells operate
perpetually and are smaller and more portable than batteries
to enhance scalability. Scrutinizing fuel cell control
strategies is a key factor in the commercialization of efficient
energy converter devices. It is associated with a number of
control subsystems, and strategies of which mitigating fuel
starvation in case of sudden high current demands are
essential for optimum fuel cell performance and durability.

Comparison Between Batteries and Fuel Cells

For many years now, batteries have been the common
denominator of portable energy, simple to operate and safe to
use. The widespread use of such technology and its simple
structure is the key factor that drive their overspread usage in
many industries. Nevertheless, batteries have some
drawbacks, including the low energy storage capacity, long
recharge time, and being heavy and bulky, which limit their
application to portables (Gossage et al., 2022). In contrast,
fuel cells represents more advance technology that has few
benefits over the batteries. Fuel cells characterize with the
high value of energy density, which allows storage of fuel
with long operating times and no need of yield regular
battery charging. Along with that, fuel cells possess the
capacity of refueling or replenishing fuel within a very short
period of time, resulting in continuous uninterrupted
operation whose durability is dependent on availability of
fuel (Gossage et al., 2022). Even though they possess a
higher initial cost and the necessity for infrastructure for fuel
supply and distribution, fuel cells are still a great alternative
to batteries, especially where long working times and fast
refueling are always required.

Basic Working of PEMFC
A Proton Exchange Membrane Fuel Cell (PEMFC) works by

converting hydrogen and oxygen into water which then
generates electricity as a result. There are a number of key
subsystems which form the working principle. Initially, the
reaction subsystem works by providing the anode side of the
fuel cell with hydrogen gas (H2). Hydrogen molecules (H2)
decompose into electron and protons at the anode by a
catalyst such as platinum. The protons move through a
proton exchange membrane (PEM) to the cathode, while the
electrons flow out of the fuel cell through an external circuit,
thus creating an electric current. Water management plays a
significant role in PEMFCs’ operational efficiency. The
electrochemical reaction in the anode generates water as a
by-product, which must be managed accordingly to avoid
flooding and ensure proper functioning (Chen et al., 2023).
The water management inside the fuel cell depends on the
airflow rate, temperatures, and humidity levels, among
others. The water management inside the fuel cell depends
on the airflow rate, temperatures, and humidity levels.
Technologies like the external humidification systems and
internal water dispensers are implemented for the purpose of
controlling water levels within the cell and maintaining
maximum moisture at the membrane level. In addition to
water management, thermal management is also essential.
PEMFCs generate heat during operation so, effective thermal
management needs to be implemented to maintain the
operating temperature in the specified range. Heat
exchangers and cooling systems are employed to dissipate
excess thermal energy and to prevent from overheating
which could affect the fuel cell performance and endurance
(Urkande, Thakre, and Mahantare n.d.). Moreover, the
Power Management System (PMS) manages the power
distribution from the fuel cell to different loads. It regulates
voltage, current and power quality so that precise, secure and
stable power delivery to different loads is ensured.

Goal of Water Management System

The primary goal of the Water Management System (WMS)
in fuel cells is to avoid flooding and evaporation tendency of
membranes, and to maintain appropriate membrane humidity
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level (Aman, Khan and Ujwal Shreenag Meda, 2022). Flood-
ing prevention is an essential point to produce the fuel cells
stable. The efficient management of water needs sufficient
regulation of the water levels within the cell to eliminate or
reduce overflow that may hinder performance and cause
com- ponent damage. The membrane should be adequately
hydrated in order to boost conductivity and stability but also
need to pre- vent the system from flooding caused by
excessive moisture. Preserving the desired degree of
membrane hydration level is extremely relevant for the fuel
cell’s efficiency. The water in fuel cell is processed through
a wide range of strategies to ensure efficiency (Aman, Khan
and Ujwal Shreenag Meda, 2022). The external
humidification system is the most effective means of
regulating the humidity of the reactant gases through
controlling the temperature and duration of contact with the
water in the external humidifier. On the other hand, the
internal water dispenser helps by pumping the water into the
fuel cell thereby maintaining the cell membrane moisture
levels. Moreover, humidity sensors and controllers come into
play for managing and adjusting humidity of the cell and
maintaining humidity and prevent flooding.

Issues With Water Management System (WMS) in Fuel
Cells

Water management is necessary for the successful
application of fuel cells (Chen et al., 2023). The primary
concerns related to the management of water are flooding
and loss of polarization. Flooding happens when excessive
water gets accumulated in the fuel cell, resulting to damaged
fuel cells. Airflow, temperature and humidity levels are some
factors contributing to flooding. A low air flow rate
compromises the mass transfer of water into the air,
produced by the electro- chemical reaction, and, therefore,
increases the likelihood of flooding (Chen et al., 2023). Also,
low temperatures decrease the water evaporation rate thus
increasing the flood risk. The humidity level is equally
important in the process, as excessive humidity could cause
the waterlogging of the fuel cell, but on the other side, the
low humidity can be the reason for dried membrane, as a
result of which the performance of the fuel cell also
decreases. Polarization loss is defined as the decrease in
voltage because of the several reasons like activation
polarization, ohmic polarization, and mass transport
polarization. These losses lower the efficiency of a fuel cell
and affect the power it produces. Efficient water
management systems focus on preventing flooding through
regulating the quantity of water within the cell while
sustaining membrane humidity at the optimum level (Chen et
al., 2023).

Goal of Power Management System

In fuel cell systems, PMS is considered as a key element in
the distribution of the electric power from the fuel cell to the
loads (Surya et al., 2022). Main purpose of this system is to
be stable and to provide load with enough power. A
sustained output is crucial for meeting the expected result
when working in unstable environments on multiple kind of
applications. The PMS requires the electric power flow
regulation capability from the fuel cell to the loads such as
voltage, current, and power quality correction features, with

the application determinants (Surya et al., 2022). To
maintain a constant voltage, PMS employs various types of
controls and circuits including voltage regulators, DC/DC
converters, and chopper circuits for controlling power
output. Similarly, they are responsible for voltage regulation
at fixed values and the power supply control for meeting load
demands which ensures the efficiency of the whole system.
Also, PMS controls the polarization problems and ohmic loss
to improve the efficiency of power delivery. Voltage
regulators, converters, and chopper circuits are incorporated
to minimize these losses and guarantee the brief smoothing
and precise power delivery from the fuel cell to the loads
(Surya et al., 2022).

2. Conclusion

In conclusion, effective water and power management
system are essential for maximizing the performance and
efficiency of fuel cell system. The design of water control
systems need to sustain the membrane and prevent flooding,
this should be in the same way as energy managements
systems which should have a good power supply to meet the
demands of different applications. Through addressing these
obstacles, fuel cell technology can and will become a reliable
and clean energy source that will be able to meet the needs
and demands of various types of applications.

References

[1] Aman, A., Khan, A. and Ujwal Shreenag Meda (2022).
Water Management in PEM Fuel Cells. ECS
transactions, [online] 107(1), pp.19403-19413.

[2] Chen, L., Wang, Z., Sun, C., Zhu, H., Xia, Y., Hu, G.
and Fang, B. (2023). Water Management Capacity of
Metal Foam Flow Field for PEMFC under Flooding
Situation. Micromachines, [online] 14(6), pp.1224—
1224,

[3] Gossage, Z.T., Hatfield, K.O., Zhao, Y., Gaddam, R.,
Dipobrato Sarba- palli, Mishra, A. and Joaqu'm
Rodr’iguez-Lo’pez (2022). Application to Batteries
and Fuel Cells. CRC Press eBooks, [online] pp.481—
512.

[4] Surya, P., Feby Agung Pamuji, Mochamad Ashari and
None Soedibyo (2022). PEM Fuel Cell Power Control
with Single Phase Inverter Con- nected To Distribution
Grid Using Hysteresis Current Control Method.

[5] Urkande, Om, G Thakre, and Y Mahantare. n.d. “A
Review on Heat Management and Cooling
Management  System  Incorporated in  High
Temperature Proton Exchange Membrane Fuel Cell.”
International Jour- nal of Engineering and Creative
Science 5 (2): 2022.

Volume 10 Issue 1, January 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper |D: SR24430160209

DOI: https://dx.doi.org/10.21275/SR24430160209

1645


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



