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Abstract

This paper examines the advantages, challenges, and case studies of using hydrogen fuel cells for backup power applications.
Hydrogen fuel cells offer numerous benefits over traditional backup power solutions, such as reliability, sustainability, energy
independence, scalability, and longevity. However, they also face challenges related to safety, cost, infrastructure, and
integration. Case studies from data centers, telecommunications networks, and hospitals demonstrate the potential of hydrogen
fuel cells for backup power in different settings. This paper concludes that while hydrogen fuel cells offer promising solutions
for backup power, further research and development are needed to address the challenges and enable widespread deployment.
In addition to the benefits and challenges discussed in the paper, it is worth noting that the use of hydrogen fuel cells for
backup power applications can also contribute to reducing greenhouse gas emissions and addressing climate change. This is
because hydrogen fuel cells produce electricity through an electrochemical process that does not produce any harmful
emissions or pollutants.
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Introduction

Hydrogen fuel cells have emerged as a promising
technology for backup power applications. As the world
becomes increasingly reliant on technology, reliable and
sustainable backup power solutions are becoming essential.
Traditional backup power solutions, such as diesel
generators, have proven to be reliable but also have
significant drawbacks, including high emissions, noise
pollution, and maintenance requirements (Ahmed et al.,
2023b) [5:31,

Hydrogen fuel cells offer several advantages over traditional
backup power solutions. They are clean and efficient,
producing electricity through an electrochemical process
that does not produce any harmful emissions or pollutants.
They are also scalable, long-lasting, and can be replenished
with renewable energy sources such as solar or wind power
(Ahmed et al., 2023a) . Despite these benefits, hydrogen
fuel cells still face challenges related to safety, cost,
infrastructure, and integration. Therefore, this paper aims to
examine the advantages and challenges of using hydrogen
fuel cells for backup power applications (Felseghi et al.,
2019) 1. Additionally, case studies from data centers,
telecommunications networks, and hospitals will be
presented to demonstrate the potential of hydrogen fuel cells
for backup power in different settings. Finally, this paper
will conclude by discussing the need for further research
and development to address the challenges and enable
widespread deployment of hydrogen fuel cells for backup
power applications (Singla et al., 2021) *2. The adoption of
hydrogen fuel cells for backup power applications has been
increasing in recent years, with several companies and
organizations already utilizing the technology. However, the
deployment of hydrogen fuel cells for backup power is not
yet widespread due to various challenges that need to be
addressed (Mekhilef et al., 2012) [28],

this paper provides a comprehensive overview of the
advantages, challenges, and case studies of using hydrogen
fuel cells for backup power applications. The deployment of
hydrogen fuel cells for backup power has the potential to
provide reliable, sustainable, and long-lasting power
solutions. However, further research and development are
needed to address the challenges and enable widespread
deployment of hydrogen fuel cells for backup power
applications.

Basic principle of hydrogen fuel cells

The basic principle of a hydrogen fuel cell is the conversion
of chemical energy stored in hydrogen fuel into electrical
energy through an electrochemical process (Hacker &
Mitsushima, 2018) 21, This process involves the reaction of
hydrogen fuel with oxygen from the air to produce
electricity, heat, and water as the only byproduct (Mekhilef
et al., 2012) 81, The heart of a hydrogen fuel cell is a
membrane electrode assembly (MEA), which consists of a
proton exchange membrane (PEM) sandwiched between
two electrodes, an anode, and a cathode. The anode is the
negative electrode, where hydrogen fuel is introduced, and
the cathode is the positive electrode, where oxygen is
introduced (O'hayre et al., 2016) 2. As hydrogen fuel is
introduced to the anode, it is split into protons (H+) and
electrons (e-) through a catalytic process Figure 1. The
protons are then transported through the PEM to the
cathode, while the electrons are forced to take an external
circuit to generate an electric current. At the cathode, the
protons, electrons, and oxygen from the air react to form
water (H20) and release heat (Crabtree & Dresselhaus,
2008) . The overall chemical reaction in a hydrogen fuel
cell can be represented as:

2H2 + O2 — 2H20 + electricity + heat
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This process is highly efficient, as it avoids the thermal
inefficiencies associated with traditional combustion
engines, which convert chemical energy into heat, which in
turn powers a turbine to generate electricity (Revankar &
Majumdar, 2014) 31, Hydrogen fuel cells offer several
advantages over traditional combustion engines, including
higher efficiency, lower emissions, and quieter operation.
They are also highly flexible, as they can be used in a
variety of applications, from transportation to stationary
power generation (Mench, 2008) 291,
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Fig 1: Basic Principle of Hydrogen Fuel Cells

Introduction to the concept of backup power and its
importance for critical infrastructure

Backup power refers to the use of secondary power sources
to provide electricity in the event of an unexpected power
outage or disruption to the primary power supply. Backup
power systems are essential for critical infrastructure, such
as hospitals, data centers, telecommunications networks, and
emergency response systems, where uninterrupted power is
critical to maintain operations and ensure public safety
(Munasinghe & Sanghvi, 1988) I3,

The importance of backup power for critical infrastructure
cannot be overstated. In these settings, power outages can
have severe consequences, including loss of life, damage to
property, and disruption of essential services. Backup power
systems are designed to provide reliable and continuous
power to critical infrastructure, even in the event of an
extended power outage, natural disaster, or other emergency
(Wiistenhagen et al., 2007) 31,

Critical infrastructure refers to the essential systems and
services that support the functioning of society. These
include power grids, transportation networks, water and
sanitation systems, and communication networks, among
others. The failure of any of these systems can have far-
reaching consequences, affecting not only the individuals
and organizations directly impacted but also the broader
economy and society as a whole. In the case of power grids,
the consequences of a failure can be particularly severe
(Rinaldi et al., 2001) B, A power outage can disrupt the
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operations of hospitals, emergency services, and other
critical infrastructure, potentially putting lives at risk. It can
also lead to economic losses, as businesses are forced to
shut down and workers are unable to perform their jobs
(Ahmed & Miller, 2022) 81, Moreover, power outages can
have cascading effects, leading to secondary failures in
other critical infrastructure systems. For these reasons, it is
essential to ensure that critical infrastructure is protected
against power outages. One way to achieve this is through
the use of backup power systems. Backup power systems
provide an alternative source of electricity that can be used
when the primary source fails. These systems typically
consist of a generator or other power source, which can be
activated automatically or manually when needed.

There are several types of backup power systems available,
each with its own advantages and disadvantages. One of the
most common types is the uninterruptible power supply
(UPS). A UPS is a battery-powered device that provides
short-term backup power to critical systems in the event of a
power outage. It is commonly used in data centers,
hospitals, and other environments where even a brief
interruption in power can have serious consequences (Al
Hosani et al., 2022) 1. Another type of backup power
system is the generator. Generators are larger and more
powerful than UPSs, and they can provide backup power for
longer periods. They are commonly used in industrial
settings, such as manufacturing plants and oil refineries,
where a power outage can result in significant economic
losses (Rinaldi et al., 2001) B71,

In addition to generators and UPSs, there are other types of
backup power systems, including solar panels, fuel cells,
and wind turbines. Each of these technologies has its own
advantages and disadvantages, and the choice of technology
will depend on a variety of factors, including cost,
reliability, and the specific needs of the organization
(Barakah & Ammad-uddin, 2012) (',

Regardless of the type of backup power system used, it is
essential to ensure that the system is reliable and well-
maintained. Backup power systems require regular
maintenance to ensure that they are ready to be activated
when needed (Ahmed, 2022) Bl This includes testing the
system periodically to ensure that it is functioning correctly
and replacing any faulty components. Moreover, backup
power systems must be integrated into the broader
infrastructure in a way that maximizes their effectiveness.
This may involve ensuring that critical systems are
connected to the backup power system and that there are
redundant power sources available in the event of a failure
(Schleicher-Tappeser, 2012) 9. The importance of backup
power for critical infrastructure cannot be overstated.
Without backup power, critical systems can be vulnerable to
power outages, potentially putting lives at risk and leading
to economic losses (Ahmed & Ahmed, 2023a) “. By
ensuring that backup power systems are in place and well-
maintained, organizations can minimize the risks associated
with power outages and ensure that critical systems continue
to operate even in the face of unexpected disruptions.

Some of the key benefits of backup power for critical
infrastructure include
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There are several key benefits of backup power for critical
infrastructure.

1 Ensuring continuity of operations: The primary benefit
of backup power is that it ensures continuity of
operations for critical infrastructure systems, even in
the event of a power outage. This is essential for
organizations that rely on these systems to provide
essential services or maintain operations (Ahmed &
Ahmed, 2023b) [5:31,

2 Minimizing downtime and losses: Backup power helps
to minimize downtime and losses associated with
power outages. By providing an alternative source of
power, organizations can continue operating without
interruption, minimizing the impact of power outages
on their operations (Cook et al., 2020) [*31,

3 Reducing risk: Backup power reduces the risk of
system failures and the associated consequences. For
example, in hospitals, backup power can ensure that
life-support systems and other critical medical
equipment continue to function, reducing the risk of
harm to patients (Lewis, 2006) 4],

4 Improving safety: Backup power can improve safety in
critical infrastructure systems by ensuring that safety
systems and emergency protocols can continue to
function even in the event of a power outage. This is
particularly important in settings such as chemical
plants or nuclear power plants where the consequences
of a safety failure can be severe (Anderson et al., 2016)
[10]

5 Enhancing reliability: Backup power systems can
enhance the reliability of critical infrastructure systems
by providing redundancy and backup. This reduces the
risk of system failures and ensures that systems can
continue operating even if one component fails (Miller
& Rowe, 2012) 201,

6 Meeting regulatory requirements: In some cases,
backup power is required by regulatory agencies or
industry standards. For example, data centers are often
required to have backup power systems in place to
ensure uninterrupted service to their customers (Givens
& Busch, 2013) 11,

7 Protecting assets: Backup power can protect critical
infrastructure assets from damage or loss due to power
outages. For example, backup power can ensure that
backup generators or other critical equipment can
continue to function even in the event of a power
outage (Rosales-Asensio et al., 2021) %81,

Advantages of hydrogen fuel cells for backup power

applications

Hydrogen fuel cells offer several advantages over

conventional backup power solutions, such as diesel

generators and lead-acid batteries. Some of these advantages
are:

1 Reliability: Hydrogen fuel cells can provide reliable
backup power for critical infrastructure, with high
uptime and low maintenance requirements. Unlike
diesel generators, fuel cells do not have moving parts,
such as pistons and crankshafts, that can wear out and
require frequent maintenance. Also, fuel cells do not
emit harmful pollutants, such as particulate matter and
nitrogen oxides, that can affect the performance and

lifespan of electrical equipment (Mekhilef et al., 2012)
(28],
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2 Sustainability: Hydrogen fuel cells are a clean and
sustainable source of backup power, with no emissions
of greenhouse gases or other pollutants. They generate
electricity through the electrochemical reaction of
hydrogen and oxygen, producing only water and heat as
byproducts. In contrast, diesel generators emit a
significant amount of greenhouse gases, such as carbon
dioxide and methane, and other pollutants, such as
sulfur dioxide and nitrogen oxides (Knights, 2016).

3 Scalability: Hydrogen fuel cells can be scaled up or
down to meet the power requirements of different
applications, from small data centers to large telecom
networks. Fuel cells can be modular and stackable,
allowing for flexible and scalable configurations. In
contrast, diesel generators and lead-acid batteries have
limited scalability and may require significant space
and infrastructure (Cook, 2002) [*2,

4 Energy Independence: Hydrogen fuel cells can provide
energy independence for critical infrastructure, by
generating power on-site without relying on external
sources. This is particularly important in remote or off-
grid locations, where access to grid power may be
limited or unreliable. Fuel cells can be powered by
hydrogen produced from renewable sources, such as
solar or wind power, further enhancing their energy
independence and sustainability (Ahmed et al.).

5 Quiet Operation: Hydrogen fuel cells operate quietly,
with no noise or vibrations. This is particularly
important for applications such as hospitals, schools,
and residential areas, where noise pollution can be a
concern (Shabani & Andrews, 2015).

6 Long Lifespan: Hydrogen fuel cells have a longer
lifespan than conventional backup power solutions,
such as diesel generators and lead-acid batteries. Fuel
cells can operate for up to 10,000 hours or more, with
low maintenance requirements. In contrast, diesel
generators and lead-acid batteries have a shorter
lifespan and require frequent maintenance and
replacement (Perry & Strayer, 2006).

Challenges of hydrogen fuel cells for backup power

applications

Despite the advantages of hydrogen fuel cells for backup

power applications, there are several challenges that need to

be addressed for their wider adoption. Some of these
challenges are:

1 Safety: Hydrogen is a highly flammable gas that
requires careful handling and storage. Fuel cells need to
be designed and operated with strict safety protocols,
including proper ventilation, fire suppression, and leak
detection systems. The risk of hydrogen leakage and
explosion can be mitigated by using high-quality
materials, such as advanced polymers and metal alloys,
for the fuel cell components (Garland et al., 2012).

2  Cost: Hydrogen fuel cells are still more expensive than
conventional backup power solutions, such as diesel
generators and lead-acid batteries. The cost of hydrogen
production and storage, as well as the cost of fuel cell
components, such as the membrane electrode assembly
and the catalyst, need to be reduced to make fuel cells
more competitive (Ahmed & Ahmed, 2023c) . The
economies of scale and the development of new
manufacturing technologies can help to reduce the cost
of fuel cells (Crabtree & Dresselhaus, 2008) (41,
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3 Infrastructure: Hydrogen fuel cells require specific
infrastructure for the production, storage, and delivery
of hydrogen. This includes hydrogen production
facilities, storage tanks, and dispensers. The lack of
hydrogen infrastructure can limit the deployment of
fuel cells, especially in remote or off-grid locations.
The development of hydrogen infrastructure, including
the use of hydrogen pipelines and mobile hydrogen
generators, can enhance the viability of fuel cells for
backup power applications (Epping Martin et al., 2010)
[15]

4 Durability: Hydrogen fuel cells need to be durable and
resistant to environmental factors, such as temperature,
humidity, and corrosion. The degradation of fuel cell
components, such as the membrane and the catalyst,
can affect the performance and lifespan of fuel cells.
The development of new materials and coatings, as well
as the improvement of fuel cell design and
manufacturing, can enhance the durability of fuel cells
(Felseghi et al., 2019) [*7],

5 Fuel availability: Hydrogen fuel is not yet widely
available, which can limit the use of hydrogen fuel cells
for backup power applications. While there are some
sources of hydrogen, such as from electrolysis of water
or from natural gas reforming, these sources are not yet
widespread (Maestre et al., 2021) 271,

6 Efficiency: While hydrogen fuel cells are more efficient
than traditional backup power systems in terms of
converting fuel into electricity, they still have some
inefficiencies that can limit their effectiveness. For
example, the efficiency of the fuel cell can decrease
over time as the membrane degrades, and the efficiency
can also be affected by temperature and humidity
conditions (Fadzillah et al., 2019) (261,

Case studies of hydrogen fuel cells for backup power

applications

Several case studies have demonstrated the potential of

hydrogen fuel cells for backup power applications in

different settings. Some of these case studies are:

1 Data Centers: Data centers are critical infrastructure
that require reliable and sustainable backup power. In
2013, the National Renewable Energy Laboratory
(NREL) installed a 200 kW hydrogen fuel cell system
for backup power at its data center in Colorado. The
fuel cell system provided reliable backup power with
minimal maintenance and emissions, reducing the
center's carbon footprint and energy costs (Riekstin et
al., 2014) 361,

2 Telecommunications: Telecommunications networks
are another critical infrastructure that require reliable
and sustainable backup power. In 2016, NTT Docomo,
a leading telecom company in Japan, installed a 200
kW hydrogen fuel cell system for backup power at its
data center in Tokyo. The fuel cell system provided
reliable backup power with minimal emissions,
reducing the center's carbon footprint and energy costs
(Luo et al., 2020) [8],

3 Hospitals: Hospitals are critical infrastructure that
require reliable backup power for emergency situations.
In 2019, the University of California, San Francisco
(UCSF) installed a 400 kW hydrogen fuel cell system
for backup power at its medical center. The fuel cell
system provided reliable backup power with minimal
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emissions, ensuring that critical medical services could
continue during power outages (Godbole & Lamb,
2018) [201,

4 American Tower Corporation (ATC): ATC is a leading
provider of wireless infrastructure solutions, and they
have been using hydrogen fuel cells for backup power
at their remote telecommunication towers. ATC has
installed over 500 fuel cell backup power systems
across the United States, and they have found that fuel
cells provide a reliable and cost-effective alternative to
traditional backup power systems. The fuel cells they
use are designed by Plug Power, and they provide up to
48 hours of backup power (Liu et al., 2014) [?5 3],

5 Mercy Medical Center: Mercy Medical Center in Des
Moines, lowa, has been using hydrogen fuel cells for
backup power since 2010. The hospital's backup power
system includes a 200kW fuel cell and a 200kW natural
gas generator. The fuel cell provides primary backup
power, while the natural gas generator serves as a
secondary backup. The fuel cell has been reliable, and it
has saved the hospital thousands of dollars in fuel costs
and maintenance expenses (Organization, 2011) (531,

6 University of California, Irvine: The University of
California, Irvine has installed a 2 MW fuel cell system
to provide backup power to its campus. The fuel cell
system, designed by Bloom Energy, is connected to the
campus microgrid and provides backup power to
critical buildings, including the medical center and
research labs. The fuel cell system is powered by
natural gas, and it has reduced the university's carbon
emissions by over 45% (Shaffer et al., 2014) 1411,

7 Alcatraz Island: Alcatraz Island, the infamous former
prison in San Francisco Bay, has installed a 150 kW
fuel cell system to provide backup power to the island's
facilities. The fuel cell system, designed by Fuel Cell
Energy, is powered by hydrogen and provides reliable
backup power to the island's critical systems, including
the wastewater treatment plant and the island's water
supply. The fuel cell system has reduced the island's

carbon emissions by over 50% (Homer-Dixon, 2010)
[22]

Conclusion

In conclusion, hydrogen fuel cells offer a promising solution
to the growing demand for reliable and sustainable backup
power. While traditional backup power solutions have
significant drawbacks, hydrogen fuel cells offer several
advantages, including clean and efficient energy production,
scalability, and replenishment with renewable energy
sources. However, there are still challenges related to safety,
cost, infrastructure, and integration that need to be
addressed before widespread deployment can be achieved.
This paper has presented case studies from various settings
to demonstrate the potential of hydrogen fuel cells for
backup power applications. Further research and
development are needed to overcome the challenges and
enable widespread adoption of this technology, which could
have significant environmental and economic benefits.

References

1 Ahmed h. human systems integration of agricultural
machinery in developing economy countries: sudan as a
case study colorado state university, 2022.

28



International Journal of Research in Advanced Engineering and Technology

2

10

11

12

13

14

15

16

17

18

Ahmed H, Adebayo P, Ahmed M, Arbab Al. Hydrogen
Fuel Cell Technology: Benefits, Challenges, and Future
Potential, 2023a.

Ahmed H, Adebayo P, Ahmed M, Arbab Al. Life Cycle
Assessment of Hydrogen Fuel Cells: Environmental
Impact and Sustainability. Life, 2023b, 13(1).

Ahmed H, Ahmed M. Facts, Myths, and Evolving
Research Agenda on the Mechanization of the African
Agricultural Sector, 2023a.

Ahmed H, Ahmed M. Human Systems Integration: A
Review of Concepts, Applications, Challenges, and
Benefits, 2023b.

Ahmed H, Ahmed M. Influencing Factors on Adoption
of Modern Agricultural Technology in Developing
Economy Countries, 2023c.

Ahmed H, Edzie EAS, Ahmed M. Investigating the
effect of local activated carbon in the treatment of some
heavy metals in spent synthetic based mud.

Ahmed H, Miller EE. Human - Systems Integration of
Agricultural Machinery in Developing Economy
Countries:  Perceptions of Adoption. INCOSE
International Symposium, 2022.

Al Hosani N, Fathelrahman E, Ahmed H, Rikab E.
Moving Bed Biofilm Reactor (MBBR) for
decentralized grey water treatment: Technical,
ecological and cost efficiency comparison for domestic
applications. Emirates Journal of Food and Agriculture,
2022.

Anderson K, Burman K, Simpkins T, Helson E, Lisell
L. New York solar smart DG hub-resilient solar project:
Economic and resiliency impact of PV and storage on
New York critical infrastructure, 2016.

Barakah DM, Ammad-uddin M. A survey of challenges
and applications of wireless body area network
(WBAN) and role of a virtual doctor server in existing
architecture. 2012 Third International Conference on
Intelligent Systems Modelling and Simulation, 2012.
Cook B. Introduction to fuel cells and hydrogen
technology. Engineering Science & Education
Journal,2002:11(6):205-216.

Cook J, Hotchkiss E, Li X, Cruce J. Planning for the
storm: Considering renewable energy for critical
infrastructure  resilience. Journal of Emergency
Management, 18(NREL/JA-6A20-74329), 2020.
Crabtree GW, Dresselhaus MS. The hydrogen fuel
alternative. Mrs Bulletin,2008:33(4):421-428.

Epping Martin K, Kopasz JP, McMurphy KW. Status
of fuel cells and the challenges facing fuel cell
technology today. In Fuel cell chemistry and operation
ACS Publications, 2010, 1-13.

Fadzillah D, Kamarudin S, Zainoodin M, Masdar M.
Critical challenges in the system development of direct
alcohol fuel cells as portable power supplies: An
overview. International  journal of hydrogen
energy,2019:44(5):3031-3054.

Felseghi RA, Carcadea E, Raboaca MS, Trufin CN,
Filote C. Hydrogen fuel cell technology for the
sustainable  future of stationary applications.
Energies,2019:12(23):4593.

Garland NL, Papageorgopoulos DC, Stanford JM.
Hydrogen and fuel cell technology: Progress,
challenges, and  future  directions. Energy
Procedia,2012:28:2-11.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

www.allengineeringjournal.in

Givens AD, Busch NE. Realizing the promise of
public-private partnerships in US critical infrastructure
protection.  International  Journal of  Critical
Infrastructure Protection,2013:6(1):39-50.

Godbole NS, Lamb JP. Making Healthcare Green.
Springer, 2018.

Hacker V, Mitsushima S. Fuel cells and hydrogen: from
fundamentals to applied research. Elsevier, 2018.
Homer-Dixon T. The upside of down: catastrophe,
creativity, and the renewal of civilization. Island Press,
2010.

Knights S. Backup Power Systems. Fuel Cells: Data,
Facts and Figures, 2016, 276-281.

Lewis JA. Cybersecurity and critical infrastructure
protection. Center for Strategic and International
Studies, 20086, 9.

Liu M, Shi Y, Fang F. Combined cooling, heating and
power systems: A survey. Renewable and Sustainable
Energy Reviews,2014:35:1-22.

Luo Y, Shi Y, Cai N. Hybrid Systems and Multi-energy
Networks for the Future Energy Internet. Academic
Press, 2020.

Maestre V, Ortiz A, Ortiz I. Challenges and prospects

of renewable hydrogen-based strategies for full
decarbonization of stationary power applications.
Renewable and Sustainable Energy

Reviews,2021:152:111628.

Mekhilef S, Saidur R, Safari A. Comparative study of
different fuel cell technologies. Renewable and
Sustainable Energy Reviews,2012:16(1):981-989.
Mench MM. Fuel cell engines. John Wiley & Sons,
2008.

Miller B, Rowe D. A survey SCADA of and critical
infrastructure incidents. Proceedings of the 1st Annual
conference on Research in information technology,
2012.

Munasinghe M, Sanghvi A. Reliability of electricity
supply, outage costs and value of service: an overview.
The Energy Journal, 1988, 9(2).

O'hayre R, Cha SW, Colella W, Prinz FB. Fuel cell
fundamentals. John Wiley & Sons, 2016.

Organization WH. Compendium of new and emerging
health technologies, 2011.

Perry ML, Strayer E. Fuel-cell based back-up power for
telecommunication applications: developing a reliable
and cost-effective solution. INTELEC 06-Twenty-
Eighth International Telecommunications Energy
Conference, 2006.

Revankar ST, Majumdar P. Fuel cells: principles,
design, and analysis. CRC press, 2014.

Riekstin AC, James S, Kansal A, Liu J, Peterson E. No
more electrical infrastructure: Towards fuel cell
powered data centers. ACM SIGOPS Operating
Systems Review,2014:48(1):39-43.

Rinaldi SM, Peerenboom JP, Kelly TK. Identifying,
understanding, and analyzing critical infrastructure
interdependencies. IEEE control systems
magazine,2001:21(6):11-25.

Rosales-Asensio E, de Simén-Martin M, Rosales AE,
Colmenar-Santos A. Solar-plus-storage benefits for
end-users placed at radial and meshed grids: An
economic and resiliency analysis. International Journal

29



International Journal of Research in Advanced Engineering and Technology

39

40

41

42

43

of Electrical Power & Energy
Systems,2021:128:106675.

Schleicher-Tappeser R. How renewables will change
electricity markets in the next five years. Energy
policy,2012:48:64-75.

Shabani B, Andrews J. Hydrogen and fuel cells. Energy
sustainability through green energy, 2015, 453-491.
Shaffer B, Tarroja B, Samuelsen S. Advancing Toward
Sustainability Goals at the University of California,
Irvine. Energy Sustainability, 2014.

Singla MK, Nijhawan P, Oberoi AS. Hydrogen fuel and
fuel cell technology for cleaner future: a review.
Environmental Science and Pollution
Research,2021:28:15607-15626.

Wistenhagen R, Wolsink M, Birer MJ. Social
acceptance of renewable energy innovation: An
introduction to the concept. Energy
policy,2007:35(5):2683-2691.

www.allengineeringjournal.in

30



