Energy and Sustainability: Proceedings of [CONRER-2023 ISBN:978-81-954233-9-2
Operational Issues and Challenges for a Solar Powered
Vapor Absorption Cooling System Integrated with
Hybrid Thermal Energy Storage for Dual Applications of
Milk Chilling and Space Cooling

Dinesh Kumar Sharma®*', Dilip Sharma?, Ahmed Hamza H Ali?,
Vishnu Agarwal®, Hemant Raj Singh*
Department of Mechanical Engineering, Swami Keshvanand Institute of Technology, Management and
Gramothan, Jaipur-302017, India
"Department of Mechanical Engineering, Malaviya National Institute of Technology, Jaipur-302017, India
3Department of Mechanical Power Engineering, Assiut University, Assiut-71516, Egypt
“Department of Mechanical Engineering, Manipal University Jaipur, Jaipur-303007, India
*Corresponding author email:

E-mail: dinesh.sharma@skit.ac.in

Abstract: This research paper addresses the multifaceted challenges and issues encountered in the operations
and maintenance of a solar-powered LiBr-H20 vapor absorption chiller integrated with thermal energy storage
for dual applications of milk chilling and air conditioning. The utilization of this innovative technology presents
a promising solution for sustainable and efficient cooling, but several critical hurdles must be overcome to ensure
its reliable and long-term functionality. One of the primary challenges is the intermittent availability of solar
energy, which affects the consistent performance of the system. Solar energy fluctuations can lead to
underperformance of the vapor absorption chiller, reducing its efficiency and compromising the overall cooling
process. Furthermore, maintaining the solar collectors, especially the evacuated tube compound parabolic
concentrators (CPC), is a daunting task. Regular cleaning is essential to ensure optimal energy capture, and the
fragility of the tubes necessitates careful handling.

The cooling tower, a crucial component of the system, faces issues such as the development of
microorganisms when not in regular use. This microbial growth can lead to contamination and reduced cooling
efficiency, highlighting the need for effective maintenance strategies to prevent these problems. Additionally,
thermal energy storage systems may face corrosion issues when exposed to hot water, potentially impacting their
longevity and effectiveness in storing thermal energy. Furthermore, the piping networks that transport hot water
within the system are susceptible to corrosion over time due to the elevated temperatures involved. This corrosion
can compromise the structural integrity of the piping, leading to leaks and operational disruptions.

Addressing these challenges and issues is essential to ensure the successful and sustainable operation of solar-
powered LiBr-H2O vapor absorption chillers integrated with thermal energy storage for dual applications. This
research paper explores potential solutions and maintenance strategies to enhance the reliability and efficiency
of such systems, thereby contributing to the advancement of renewable energy technologies and sustainable
cooling solutions.
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This manuseript delves into the intricacies and
challenges encountered in the operation and
maintenance of a solar-powered LiBr-H20 vapor
absorption chiller system, where the primary objective
is to provide efficient cooling for both the preservation
of perishable goods, such as milk, and the facilitation
of indoor air conditioning. The unique duality of this

1. Introduction

The growing demand for sustainable cooling
solutions has steered the focus toward solar-powered
vapor absorption chiller systems, heralded as
promising  alternatives  for  efficient  and
environmentally friendly cooling in diverse

applications [1]. Of particular interest is the utilization
of these systems for dual purposes—specifically, the
simultaneous chilling of milk and air conditioning—a
paradigm that integrates both agricultural and
domestic needs.
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system presents an innovative approach, vet it
necessitates a comprehensive understanding of the
challenges  that accompany its  practical
implementation.

At the heart of this system lies the solar-powered
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LiBr-H20 vapor absorption chiller, a technology
celebrated for its utilization of heat instead of
mechanical energy for cooling purposes [2]. While
this methodology holds the promise of energy
efficiency and reduced environmental impact, it
introduces a spectrum of operational and maintenance
challenges intrinsic to its complex design and the
varied operational needs in both agricultural and
domestic settings [3-4].

The challenges are multifaceted and span across the
entire system. From the Solar ET-CPC collectors and
the vapor absorption chiller itself to the cooling tower,
thermal energy storage, and the infricate piping
networks, each component faces distinct operational
hurdles [5]. The Solar ET-CPC collector’s
vulnerability to environmental elements, the delicate
nature of the chiller, and the demands of maintaining
a consistent heat source are among the mumerous
challenges requiring meticulous attention [6].

Moreover, the bi-functionality of this system—
simultaneously catering to milk chilling and indoor air
conditioning—adds a layer of complexity, requiring a
delicate balance in operation and maintenance to meet
the distinct needs of both applications without
compromising efficiency or reliability.

This manuscript aims to thoroughly examine these
challenges, offering insights into the maintenance
strategies and operational adaptations necessary to
ensure the sustained and optimal functioning of the
solar-powered LiBr-H20 vapor absorption chiller
system. By addressing these challenges, this research
endeavors to contribute to the advancement of
sustainable cooling solutions, offering a roadmap
towards reliable and efficient dual-application
systems in agricultural and domestic settings.

2. Need to be Concerned Operational
Issues and Challenges

Addressing operational issues is crucial in any
system, particularly in complex setups like absorption
chillers. Ensuring the smooth and efficient operation
ofthese systems is vital for several reasons. Firstly, the
effective performance of absorption chillers is pivotal
in various industries where these systems are
employed. They are commonly utilized in applications
where consistent and reliable cooling is essential, such
as in commercial buildings, industrial processes, and
data centers. Any operational issue can disrupt the
cooling process, potentially leading to downtime,
decreased productivity, and financial losses.

Maintenance concerns in absorption chillers play a
significant role in the efficiency and longevity of the
system. Regular and proactive maintenance is
essential to prevent issues like scaling, fouling, and
corrosion. Scaling, which occurs due to the
accumulation of minerals, can reduce heat transfer
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efficiency, while corrosion can damage components,
leading to leaks and system inefficiencies. These
issues not only impact the immediate performance of
the chiller but can also contribute to long-term
deterioration, affecting the system's overall lifespan
and reliability.

Operational issues also tie closely with energy
efficiency. Absorption chillers are known for their
energy-saving capabilities, often utilizing waste heat
or renewable energy sources for operation. However,
when operational issues arise, energy efficiency can
decline. Factors like absorbent dilution, improper heat
source quality, or even refrigerant leaks can lead to
decreased performance and increased energy
consumption, resulting in higher operating costs and a
larger environmental footprint.

Additionally, the complexity of absorption chillers
necessitates attentive monitoring and specialized
knowledge for effective operation. Regular
monitoring helps in the early detection of issues,
allowing for timely intervention and maintenance,
preventing major breakdowns and reducing
downtime. Operators need specialized training to
understand the intricacies of these systems and
effectively address maintenance needs, ensuring that
the system operates at its optimal capacity.

3 Critical issues in various components of
SPACS

Critical issues permeate through various
components within the solar-powered vapor
absorption cooling system, posing significant

challenges to the system's overall efficiency and
reliability. The Solar ET-CPC collectors, fundamental
in harnessing solar energy, face critical issues related
to their susceptibility to environmental factors such as
dust, debris, and weather fluctuations, impacting
energy absorption and system performance. The vapor
absorption chiller, reliant on consistent heat sources,
encounters challenges related to solar energy
variability, leading to fluctuations in its efficiency and
cooling output. Maintenance and operational
challenges, such as scaling and corrosion, plague the
cooling tower, impacting its functionality and creating
potential health hazards due to microorganism growth
in stagnant water. Moreover, the thermal energy
storage units face corrosion concerns, particularly
with hot water, and must grapple with insulation
degradation, risking energy losses and reduced system
efficiency. Piping networks within the system are
vulnerable to corrosion due to exposure to high-
temperature water, risking leaks and system
inefficiencies. Addressing these critical issues across
various components is essential for ensuring the
seamless operation and long-term sustainability of the
solar-powered vapor absorption cooling system.
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3.1 Solar ET-CPC Collectors

Cleaning and Mainfenance: Regular cleaning is
critical to ensure optimal solar energy absorption.
Dust, dirt, or other debris can accumulate on the
collector's surface, reducing its efficiency.
Additionally, bird droppings or environmental factors
can impact its functionality.

Fragility and Replacement: Evacuated tubes are
fragile, making them susceptible to damage. Their
fragility demands careful handling during

maintenance and replacement, which can be labor-
intensive and costly.

Figure 1: Damaged tubes of ET-CPC solar field

Weather Sensitivity: Extreme weather conditions
like hail, storms, or significant temperature
fluctuations might damage the collector's surface or
components, impacting its overall efficiency and
lifespan.

3.2 Vapor Absorption Chiller

Solar Energy Variability: The chiller's performance
heavily relies on the availability of solar energy.
Fluctuations in solar radiation can cause inconsistent
performance, leading to reduced efficiency and
potentially affecting the cooling process.

Regular Servicing: The vapor absorption chiller
contains intricate mechanical and chemical systems
that require regular maintenance. Lack of proper
servicing can lead to breakdowns, reduced efficiency,
or malfunctioning of components.

Corrosion and Leakage: The working fluids and
high-temperature operation in the chiller may
contribute to internal corrosion and potential leakage,
necessitating  periodic checks and corrosion
prevention strategies.

3.3 Wet Cooling Tower

Microorganism Growth: Stagnation when the
cooling tower is not in regular use may result in the
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growth of microorganisms. This can decrease the
tower's efficiency and possibly contaminate the
system.

Corrosion and Scaling: Water treatment and routine
cleaning are vital to prevent corrosion, scaling, and
fouling of the cooling tower, which can significantly
affect its performance.
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Figure 2: Damaged RTD due to corrosion

3.4 Thermal Energy Storage (Hot and Cold)

Corrosion and Insulation Integrity: Corrosion can
affect both hot and cold thermal energy storage
systems, with hot water storage being more
susceptible due to high temperatures. Monitoring and
preventing corrosion, as well as maintaining
insulation integrity, are critical for efficiency and
longevity.

3.5 Piping Systems

Corrosion and Leakage: Piping transporting hot
water may face corrosion due to high temperatures.
Regular inspection and potential replacement are
necessary to prevent leaks and system inefficiencies.
3.6 Plate Heat Exchanger

Scaling and Fouling: Scaling and fouling due to the
water properties used in the system can impact the
heat exchanger's efficiency. Regular cleaning and
maintenance are necessary to ensure optimal heat
transfer.
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Figure 3 : Oil contamination within Purge Pump
3.7 Milk Tank and Chilled Water Indoor Units

Temperature Control and Servicing: The milk tank
needs a consistent and optimal temperature, requiring
continuous monitoring. The indoor units also need
periodic servicing to maintain their efficiency and
ensure optimal cooling performance.

3.8 System as a Whole

Integration and Coordination: Ensuring seamless
integration and coordination of all components are
crucial. A robust control and monitoring system are
needed to maintain a balance between wvarious
components.

Predictive Maintenance: Predicting maintenance
needs and scheduling regular inspections across
multiple components is essential to prevent system-
wide failures.

Maintenance strategies for the system should involve
a proactive approach, including regular inspections,
cleaning schedules, monitoring for signs of wear, and
predictive maintenance based on historical data and
known failure points to ensure the system's efficiency
and reliability. Additionally, having contingency plans
for component failures and quick response to address
issues can be vital for system continuity.

4 Issues in Integration

Complex Interdependency: The system is comprised
of multiple interconnected components that rely on
each other for efficient operation. Coordinating their
functions seamlessly is a significant challenge.
Balancing Operations: Ensuring that each
component operates in sync with the others,
considering variations in solar energy availability and
varying demand for cooling (milk chilling and air
conditioning) is complex.

Optimizing Performance: Achieving optimal
performance involves effectively managing the
interaction between the solar collector, energy storage,
absorption chiller, cooling tower, and associated
equipment.

4.1 Maintenance and Service Scheduling

Multiple Points of Maintenance: With diverse
components, scheduling and conducting regular
maintenance for each part of the system is intricate
and time-consuming.

Predictive Maintenance: Anticipating failures and
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proactively maintaining different components require
a comprehensive understanding of their lifecyeles and
potential failure modes.

Downtime Management: Balancing system
maintenance needs with operational uptime is crucial,
especially for applications such as milk chilling,
where consistent operation is necessary.

4.2 System Resilience and Redundancy

Backup Systems: Implementing backup systems or
redundancy measures to ensure continuity in case of
component failure or suboptimal performance is
critical for uninterrupted operation.

Failure Management: Establishing protocols to
address and rectify system failures promptly to
minimize downtime and mitigate potential losses.

4.3 Monitoring and Control

Comprehensive Monitoring: Continuous monitoring
of each component's performance, energy levels,
temperatures, and system functionality is essential to
detect deviations or potential issues.

Efficient Control Systems: Developing and
maintaining robust control systems that allow for
dynamic adjustments based on varying conditions is
crucial for the system's optimal performance.
Optimizing Energy Utilization: Ensuring that the
gystem maximizes energy efficiency and minimizes
energy wastage is vital for sustainability and cost-
effectiveness.

Environmental Impact: Minimizing the
environmental impact through reduced energy
consumption and waste generation while achieving
cooling goals is a significant challenge.

Addressing  these  challenges involves a
comprehensive and holistic approach. It requires
ongoing system monitoring, predictive maintenance
based on data analysis, efficient energy management,
and the development of responsive control systems to
adapt to wvariable conditions. Furthermore,
implementing backup solutions and contingency plans
can ensure system continuity during failures or
adverse conditions.

4. Conclusion and Future Directions

Being concerned about operational issues is not just
a matter of system efficiency; it's about overall
sustainability, financial prudence, safety, and the
ability to meet the demands of critical processes. A
well-maintained and efficiently operated system can
save costs, reduce environmental impact, and ensure
that vital operations run smoothly and without
disruption. The Solar ET-CPC collectors, vapor
absorption chiller, cooling tower, thermal energy
storage units, and intricate piping networks all
contribute to the complexities demanding meticulous
attention. Overcoming issues related to environmental
susceptibility, variability in heat sources, corrosion,
scaling, and maintenance demands not only technical
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adeptness but also a comprehensive strategy for
proactive maintenance and adaptive operational
practices. Innovative approaches focusing on
enhancing component resilience, energy optimization,
and systematic maintenance are crucial for advancing
sustainable and efficient cooling solutions.
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