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ABSRACT

The design and fabrication of a Solar-Powered Vapor Absorption Refrigeration
(VAR) system provide an innovative and sustainable cooling solution for street vendors.
The system harnesses solar energy to power the refrigeration cycle, eliminating the need
for conventional electricity and making it ideal for vendors operating in off-grid locations.
By maintaining an optimal temperature range of 5-10°C, the system effectively slows down
spoilage, extends the shelf life of perishable goods, and enhances food safety.

This project integrates a vapor absorption refrigeration cycle using an ammonia-
water pair, leveraging solar thermal energy as the primary driving force. Unlike
conventional vapor compression refrigeration systems, which require mechanical
compressors and high electricity consumption, the VAR system operates with minimal
power input, making it cost-effective and energy-efficient. Additionally, the system is
designed to be portable, compact, and durable, ensuring easy transportation and operation
in outdoor environments.

The system’s low-maintenance design, coupled with its ability to reduce post-
harvest losses, enhances the economic stability of street vendors by minimizing waste and

improving profitability. Future enhancements may include increased storage capacity, 10T-

based temperature monitoring, and improved solar panel efficiency for greater reliability.

By integrating renewable energy with sustainable refrigeration technology, this project

supports small-scale businesses while promoting environmental responsibility.
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Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors

CHAPTER 1

INTRODUCTION

Vapour Absorption Refrigeration (VAR) is a system, which is an alternative to
Vapour Compression Refrigeration (VCR). The major drawback of the VCR system is that
it requires large volume of refrigerant vapour which requires large mechanical power for
its operation. If some methods are used to reduce this volume before compression, there
would be considerable reduction in weight of the system and power requirement for its
operation. Heat energy can be used instead of work for producing refrigeration because it
gives high COP of the system with machine operated with supply of work energy. VAR
has adopted the principle of heat source to generate cooling.

The absorption system differs fundamentally from vapour compression system only in the
method of employed for compressing the refrigerant. In the absorption system, the
compressor is replaced by an absorber, generator and a pump. A French Scientist Ferdinand
Cane developed the first absorption refrigeration machine in early 1860. Nowadays, units
are developed upto 1500 tons capacity. The units which are generally used for air
conditioning purposes are available from 100 tons capacity. The concept of VAR developed
early in its history and progressed over time with demands for energy-efficient and

environmentally-friendly cooling solutions.
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Fig: 1.1 Block Diagram of VAR System
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1.1 PRINCIPLE OF ABSORPTOIN SYSTEM

The principle behind vapour absorption refrigeration systems is fundamentally based
on the unique properties of certain substances to absorb or release other substances under
specific temperature and pressure conditions. This phenomenon is known as selective
absorption or affinity, which forms the cornerstone of vapour absorption refrigeration

systems.

1.1.1 The Absorption Process
The absorption process involves two main components: the absorbent and the refrigerant.
In Faraday's experiment, silver chloride served as the absorbent, and ammonia was the
refrigerant. Here’s a more detailed look at how the process works:
Absorption:
e At a lower temperature and pressure, the absorbent (silver chloride in Faraday's
case) attracts and holds the refrigerant (ammonia gas).
e This absorption process is exothermic, meaning it releases heat.
Desorption:
e When the temperature is increased, the absorbent loses its affinity for the
refrigerant, causing the refrigerant to be released.

e This desorption process is endothermic, absorbing heat from the surroundings.

1.1.2 Modern Vapour Absorption Systems
In modern vapour absorption systems, more efficient and practical absorbent-refrigerant
pairs are used. Common pairs include:
Ammonia-Water System:
e Ammonia acts as the refrigerant, and water acts as the absorbent.
e This system is particularly effective in applications requiring temperatures below
the freezing point of water.
Water-Lithium Bromide System:
e Water acts as the refrigerant, and lithium bromide acts as the absorbent.
e This system is commonly used in air conditioning applications where the desired

cooling temperatures are above freezing.

1.1.3 The Working Cycle

A typical vapour absorption refrigeration cycle consists of the following stages:

Dept. of ME, MIT Mysore 2



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
Absorber:

» The refrigerant vapour from the evaporator is absorbed by the absorbent, releasing
heat.
» This heat is typically removed by cooling water in commercial systems to maintain
the absorption process.
Pump:
» The resulting refrigerant-absorbent solution is pumped to a higher pressure.
» The work required for this pumping process is significantly lower than that needed
for mechanical compression in vapour compression systems.
Generator:
» Heat is added to the high-pressure solution in the generator, causing the refrigerant
to desorb from the absorbent.
» The refrigerant vapour then moves to the condenser, while the absorbent returns to
the absorber.
Condenser:
» The refrigerant vapour releases its latent heat to the surroundings and condenses
into a liquid.
Expansion Valve:
» The high-pressure liquid refrigerant is throttled through an expansion valve to the
low-pressure evaporator, where it absorbs heat and evaporates, providing the

cooling effect.

1.1.4 Advantages of Vapour Absorption Systems

Energy Efficiency: These systems use heat energy (which can be waste heat or solar
energy) instead of mechanical energy, leading to lower operational costs.

Quiet Operation: The absence of moving parts like compressors makes the system quiet
and reduces mechanical wear and tear.

Low Maintenance: With fewer moving parts, maintenance requirements are significantly
reduced.

Flexibility in Energy Sources: They can operate on various heat sources, including natural

gas, steam, and solar energy, making them versatile in different settings.

1.1.5 Applications
Vapour absorption refrigeration systems are used in a variety of applications, including:

Industrial Cooling: Used in processes requiring large-scale cooling, such as chemical
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plants and refineries.

Air Conditioning: Employed in buildings and large facilities for efficient and quiet air
conditioning.

Solar Refrigeration: Ideal for remote areas where conventional electricity may not be
available, utilizing solar thermal energy to drive the refrigeration cycle.

1.2 History of VAR System

Early ldeas, 18th-19th Century: The basic ideas of absorption refrigeration were
explored in the 18th and 19th centuries. In 1777, he was able to produce artificial
refrigeration. Later in the early 1800s, John Leslie studied the concept of absorption cooling

using sulfuric acid.

First Practical System, 1859: The first practical vapor absorption refrigeration system was
invented in 1859 by French engineer Ferdinand Carré. Here, he used water as a refrigerant
while using ammonia as an absorbent and produced ice through the absorption of heat from

its surroundings.

Commercialization (Late 19th Century): Carré's system was commercialized and used
in a number of applications including ice making and food preservation. It was a substitute
for mechanical refrigeration at that time, which used the vapor-compression cycle and

consumed a large amount of electricity.

Advances (20th Century): This technology was developed and modified in the 20th
century for many applications. Improved absorption agents and better system
configurations made VAR systems more efficient and reliable. They had widespread

applications in industrial processes, air condition, and refrigeration.

Modern Era (Late 20th Century-Present): The late 20th and early 21st century VAR
systems, have been more environmentally friendly, using eco-friendly refrigerants and
materials. They are applied in many fields nowadays, that includes the latest of solar-

powered coolers and waste heat recovery.

1.3 Types of Vapour Absorption Refrigeration system
1.3.1 Single-Effect Absorption Refrigeration System:

A Single-Effect Absorption Refrigeration System is a type of cooling system that
Dept. of ME, MIT Mysore 4
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utilizes heat energy instead of mechanical work to achieve refrigeration. It comprises four

main components: a generator, condenser, evaporator, and absorber. In this system, a
refrigerant and an absorbent work in tandem, typically ammonia and water, respectively.
The cycle begins in the generator, where an external heat source, such as gas or hot water,
heats the absorbent-refrigerant solution, causing the refrigerant (ammonia) to vaporize. The
refrigerant vapor then flows to the condenser, where it releases heat to the surroundings
and condenses into a liquid. This liquid refrigerant passes through an expansion valve into
the evaporator, where it absorbs heat from the surroundings and evaporates, creating a
cooling effect. The refrigerant vapor is then absorbed back into the absorbent in the
absorber, releasing heat in the process. The solution is pumped back to the generator to
repeat the cycle. Single-Effect systems are advantageous in using low-grade heat sources
and are quieter and more efficient in areas with limited electricity.

Condenser Desorber
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= d,
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Fig: 1.3.1 Block Diagram of Single-Effect

Absorption Refrigeration System

Applications: Small to medium-sized applications, consisting of residential and small

commercial air-conditioning;

1.3.2 Double-Effect Absorption Refrigeration System:

A Double-Effect Absorption Refrigeration System enhances efficiency by utilizing
two stages of heat exchange, significantly improving the Coefficient of Performance (COP)
compared to single-effect systems. It comprises two generators (high-temperature and low-
temperature), two condensers, an evaporator, an absorber, a solution heat exchanger, and
pumps. The working pair typically used is lithium bromide and water, where water acts as
the refrigerant and lithium bromide as the absorbent. The high-temperature generator uses

an external heat source to vaporize the refrigerant, which then condenses and transfers heat
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to the low-temperature generator. This cascading effect allows the low-temperature

generator to operate with the heat recovered from the high-temperature stage, thus utilizing
energy more effectively. The refrigerant vapor from the low-temperature generator is then
condensed and evaporated to provide the cooling effect. The absorbent solution is
circulated back to the absorber, where it absorbs the refrigerant vapor, completing the cycle.
This system is ideal for applications with higher cooling capacities and where waste heat
or solar energy can be effectively utilized, such as in large commercial buildings, industrial
processes, and district cooling systems.

condenser %
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|:> evaporator
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H: O'Vapor = Srong LiBr-H: 01T

Fig: 1.3.2 Block Diagram of Double-Effect

Absorption Refrigeration System

Applications: Utilized for large-sized commercial and industrial applications where high
efficiency is required.
1.3.3 Triple-Effect Absorption Refrigeration System:

The Triple-Effect Absorption Refrigeration System is a highly efficient cooling
system that utilizes three stages of heat exchange to maximize the use of available heat
energy, providing a significantly higher Coefficient of Performance (COP) than single-
effect and double-effect systems. It consists of three generators, condensers, absorbers, an
evaporator, a solution heat exchanger, and pumps. The system typically uses lithium
bromide (LiBr) and water as the absorbent and refrigerant, respectively. The process begins
in the high-temperature generator, where heat vaporizes the refrigerant, which is then
condensed and used to heat the second generator. The vapor from the first stage heats the

second generator, and the refrigerant is vaporized at a lower temperature. The third stage
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an even lower temperature. This cascading effect ensures that the system uses heat more
efficiently at each stage. The refrigerant vapor is then condensed, and the cooling effect is
achieved when it evaporates in the evaporator. The absorbent solution is circulated back to
the absorber, completing the cycle. This system is ideal for large-scale applications like
industrial cooling, district cooling, and facilities where waste heat or renewable energy

sources are available, offering superior energy savings and performance.

Tripple Effect Vapor Absorption Machine

b 09 b
150C 12oc

H T G - High Temperature Generator

M T G - Medium Temperature Generator
— Cold Water L T G - Low Temperature Generator

E V- Expancion Valve

s, LABT Water Muixture H E - Heat Exchanger
30'30-ratio of LiBr to Water

Fig: 1.3.3 Block Diagram of Triple-Effect
Absorption Refrigeration System

Applications: Applied for large sized industrial applications where greater efficiency is

required.

1.3.4 Ammonia-Water Absorption Refrigeration System: The Ammonia-Water
Absorption Refrigeration System is a widely used absorption refrigeration system where
ammonia acts as the refrigerant and water serves as the absorbent. This system operates by
using heat instead of mechanical work to drive the refrigeration cycle. The process begins
in the absorber, where ammonia vapor from the evaporator is absorbed by the water,
forming a solution known as aqua ammonia. This solution is then pumped to a high-

temperature generator, where heat from an external source (like steam or gas) is applied to

Dept. of ME, MIT Mysore 7



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
separate the ammonia vapor from the water. The ammonia vapor moves to the condenser,

where it releases heat and condenses into a liquid state. The liquid ammonia then passes
through an expansion valve, entering the evaporator at low pressure, where it evaporates
by absorbing heat from the surroundings, thus providing the cooling effect. The remaining
weak ammonia-water solution is returned to the absorber to repeat the cycle. This system
is particularly effective in environments where waste heat or solar energy is available, as it
uses low-grade heat efficiently. It is commonly used in industrial refrigeration, large-scale
cooling applications, and areas with limited access to electricity. The ammonia-water
system offers advantages such as lower electricity consumption, quieter operation, and

lower maintenance due to the absence of mechanical compressors.
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Fig: 1.3.4 Block Diagram of Ammonia-Water

Absorption Refrigeration System

Applications: Industrial refrigeration, ice-making plants, and those situations where very

low temperatures are required.

1.3.5 Lithium Bromide-Water Absorption Refrigeration System:

The Lithium Bromide-Water Absorption Refrigeration System is a widely used type
of absorption refrigeration system, where water acts as the refrigerant and lithium bromide
(LiBr) as the absorbent. The system operates in a cycle that begins with the refrigerant
vapor being absorbed by the lithium bromide solution in the absorber. This process releases
heat, which is removed by cooling water. The absorbent solution is then pumped into the

generator, where an external heat source (such as steam, hot water, or waste heat) is applied
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to separate the refrigerant from the absorbent. The vaporized refrigerant is then condensed

in the condenser, where it releases heat and returns to a liquid state. The liquid refrigerant
is expanded through an expansion valve and enters the evaporator, where it absorbs heat
from the surrounding environment, thus producing the cooling effect. The remaining
lithium bromide solution, now weak, is returned to the absorber, and the cycle repeats. This
system is highly efficient, as it uses thermal energy rather than mechanical compression,
making it suitable for applications where waste heat or solar energy is available. It is
commonly used in large-scale cooling applications such as air conditioning in buildings,
industrial cooling, and district cooling systems. The Lithium Bromide-Water system is

known for its quiet operation, low maintenance, and energy efficiency.
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Fig: 1.3.5 Block Diagram of Lithium Bromide-Water

Absorption Refrigeration System

Applications: Large buildings, commercial and industrial chilling application.

1.3.6 Solar-Powered Absorption Refrigeration System:

A Solar-Powered Absorption Refrigeration System combines the principles of
absorption refrigeration with solar energy, offering an eco-friendly and energy-efficient
cooling solution. In this system, solar energy is harnessed using solar thermal collectors,
which provide the necessary heat to drive the absorption refrigeration cycle. The system
typically uses water as the refrigerant and lithium bromide as the absorbent, though other

working pairs can be used. The process begins in the generator, where solar heat is applied
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to the refrigerant-absorbent solution, causing the refrigerant to vaporize. This vapor then

moves to the condenser, where it releases heat and condenses into a liquid. The liquid
refrigerant is expanded through a valve and evaporates in the evaporator, providing cooling.
The absorbent solution, now weaker, returns to the absorber where it reabsorbs the
refrigerant vapor, releasing more heat. The solution is then pumped back to the generator
to repeat the cycle. Solar-powered absorption systems are particularly beneficial in areas
with abundant sunlight, such as remote locations or off-grid environments. They are used
in applications like residential air conditioning, refrigeration for food storage, and in
commercial and industrial cooling systems, providing a sustainable and cost-effective

alternative to conventional electrically powered refrigeration systems.
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Fig: 1.3.6 Block Diagram of Solar-Powered

Absorption Refrigeration System

Applications: Remote areas, solar-powered chilling applications, and areas which have a

high availability of sun radiations.

1.3.7 Absorption Chillers with Combined Heat and Power (CHP):

Absorption chillers with Combined Heat and Power (CHP) systems integrate
refrigeration and power generation in a single, highly efficient system. The CHP process
simultaneously produces electricity and useful heat from a single fuel source, such as
natural gas or biogas, while the absorption chiller uses this waste heat to generate cooling.
In a typical setup, the waste heat from the power generation process is directed to a

generator in the absorption chiller, where it causes the refrigerant to desorb from the
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absorbent. The vaporized refrigerant is then condensed, providing the cooling effect in the

evaporator. This system increases overall energy efficiency by utilizing both electricity and
thermal energy, reducing fuel consumption and lowering operational costs. The integration
of CHP with absorption chillers is especially beneficial in facilities that require both
electricity and cooling, such as hospitals, industrial plants, and large commercial buildings.
By capturing and utilizing waste heat, these systems reduce environmental impact,
contribute to energy conservation, and enhance sustainability. Moreover, they can provide
a reliable and continuous supply of both cooling and electricity, making them ideal for
critical operations that demand high reliability and efficiency.
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Fig: 1.3.7 Block Diagram of Absorption Chillers with
Combined Heat and Power (CHP)

Applications: industrial facilities, district cooling systems, wherever waste heat is

available.

1.4 Solar-Powered Vapour Absorption Refrigeration System (SAVAR)
A Solar-Powered Vapour Absorption Refrigeration System (SAVAR) combines solar

energy with absorption refrigeration technology to provide an energy-efficient and sustainable
cooling solution. The system harnesses solar thermal energy to drive the refrigeration cycle,
replacing conventional electrical power or fossil fuels traditionally used in vapour compression
systems. By utilizing renewable solar energy, SAVAR systems are particularly suitable for areas
with abundant sunlight and where electricity access is limited or unreliable. This combination of
solar power and absorption refrigeration offers a green and cost-effective alternative for

refrigeration, air conditioning, and cold storage.
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1.4.1 Working Principle

The working principle of a Solar-Powered Vapour Absorption Refrigeration System is
similar to traditional absorption refrigeration, but instead of using mechanical energy or
waste heat, it uses solar thermal energy to drive the refrigeration cycle. The process consists
of several key stages:

Solar Collectors:

Solar thermal collectors are the first component in the system. These collectors capture
solar energy, usually through flat-plate collectors or evacuated tube collectors, and convert
it into heat. The collectors are typically installed on the roof of a building or in an open area
with maximum sun exposure.

High-Temperature Generator:

The heat from the solar collectors is transferred to the high-temperature generator. This
generator uses the heat to vaporize the refrigerant (commonly ammonia or water) from the
absorbent solution (usually lithium bromide or water). The refrigerant is separated from the
absorbent due to the high temperature in the generator.

Absorber and Evaporator:

After the refrigerant is vaporized, it moves to the condenser, where it releases heat and
condenses into a liquid. The liquid refrigerant is then passed through an expansion valve
into the evaporator. In the evaporator, the refrigerant absorbs heat from the environment
(such as the air or a refrigerated space), causing it to evaporate and create a cooling effect.
Absorption and Solution Pumping:

The refrigerant vapor is absorbed by the absorbent in the absorber. This process releases
heat, which is typically carried away by water to prevent the system from overheating. The

solution is then pumped back to the high-temperature generator, completing the cycle.
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Fig. 1.4 Block Diagram of SPVAR System
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1.4.2 Advantages of Solar-Powered Vapour Absorption Refrigeration Systems

Energy Efficiency:

SAVAR systems use solar energy, which is a renewable resource, to drive the refrigeration
cycle, reducing dependency on electrical power or fossil fuels. This significantly lowers
operational costs and energy consumption.

Environmental Sustainability:

By utilizing solar energy, SAVAR systems produce little to no greenhouse gas emissions,
contributing to sustainability efforts and mitigating climate change. They provide a cleaner
alternative to traditional refrigeration systems that rely on electricity generated from fossil
fuels.

Low Operating Costs:

Once installed, the primary operating cost of a solar-powered absorption chiller is the
maintenance cost, as solar energy is free. Over time, the initial investment in the system
can be recouped through savings on electricity bills and reduced reliance on conventional
POWEr sources.

Ideal for Remote Areas:

SAVAR systems are particularly useful in remote or off-grid locations where conventional
electricity supply is limited or non-existent. These systems provide a reliable source of
refrigeration using only solar power, which is abundant in such areas.

Versatile Applications:

Solar-powered absorption systems can be used for various applications, including air
conditioning, cooling of industrial processes, and refrigeration for food storage. They are
especially useful for agricultural industries that need refrigeration for perishable goods and
for cooling in remote villages and communities.

Reduced Peak Electricity Demand:

During the daytime, when solar energy is abundant, the system operates and provides
cooling, reducing the demand on the electrical grid. This is particularly beneficial in areas
with high air-conditioning loads during hot months, helping to reduce peak electricity
demand.

1.4.3 Challenges and Limitations

High Initial Cost:

The initial installation cost of a solar-powered absorption refrigeration system can be high
due to the cost of solar collectors, the absorption refrigeration unit, and other associated
components. However, this cost is offset by lower operating costs and the long-term

benefits of using solar energy.
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Dependence on Solar Irradiation:

The performance of the system is directly dependent on the amount of solar radiation
available. In regions with inconsistent or low solar radiation, the system’s performance may
be limited, and additional backup systems (such as electrical heaters or supplementary
power sources) may be needed during cloudy days or at night.

Storage and Efficiency:

Efficient storage of thermal energy can be challenging. While the system is effective during
the day, nighttime cooling or cloudy periods require energy storage systems (e.g., thermal
energy storage) to maintain consistent performance, adding to the complexity and cost of
the system.

Space Requirements:

Solar collectors require a significant amount of space to generate sufficient heat for large-
scale cooling, which may not always be available in urban or densely built-up areas.

1.4.5 Applications of Solar-Powered Vapour Absorption Refrigeration Systems
Solar Air Conditioning:

These systems are widely used for solar-powered air conditioning in commercial and
residential buildings. They provide an energy-efficient solution for cooling in areas with
abundant sunlight.

Cold Storage for Agriculture:

In rural or remote areas, solar-powered refrigeration systems are used for agricultural
cooling, helping preserve perishable goods such as fruits, vegetables, dairy, and meat,
reducing spoilage and wastage.

Off-Grid Refrigeration:

In regions with no access to electricity, these systems offer a reliable, renewable energy
solution for refrigeration needs, including for small businesses, health centers, and food
storage facilities.

Industrial Process Cooling:

In industries that require cooling during production processes, such as food processing or
pharmaceuticals, solar-powered absorption chillers can reduce energy costs while
providing consistent and efficient cooling.

Eco-Friendly Buildings:

In green building projects, solar-powered absorption refrigeration can contribute to the
overall sustainability goals by providing cooling without relying on fossil fuels, making it

an integral part of energy-efficient building designs.
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The Solar-Powered Vapour Absorption Refrigeration System is a promising

technology for achieving energy-efficient and environmentally sustainable cooling. By
integrating solar energy with absorption refrigeration, these systems can significantly
reduce energy costs, minimize environmental impact, and provide reliable cooling
solutions, especially in remote or off-grid locations. While the initial investment can be
high, the long-term benefits make this technology an increasingly popular choice for both

commercial and residential applications in regions with ample sunlight.

1.4.6 Applications

Solar-Powered Vapour Absorption Refrigeration Systems (SAVAR) have several practical
applications:

Solar Air Conditioning: Used in homes, offices, and buildings to provide cooling using
solar energy, reducing electricity costs.

Agricultural Cold Storage: Helps preserve perishable goods like fruits and vegetables in
rural areas with limited electricity, reducing waste.

Off-Grid Refrigeration: Provides reliable refrigeration in remote areas without access to
power, useful for healthcare and small businesses.

Industrial Cooling: Used in factories and plants for cooling processes, reducing energy
costs and dependency on grid electricity.

Medical Refrigeration: Ensures the proper storage of vaccines and medicines in areas
with unreliable power supply.

District Cooling: Provides centralized cooling for large buildings or complexes, reducing
energy consumption.

Eco-Friendly Buildings: Integrated into green building designs to minimize energy use
and reduce the building's carbon footprint.

Remote Communities: Supplies refrigeration for households in areas with unstable or no
electricity.

Aquaculture and Fisheries: Keeps seafood fresh by providing cooling in fish farms and
processing plants.

Mobile Refrigeration: Powers refrigerated transport vehicles using solar energy, reducing
fuel costs and emissions.

These applications make SAVAR systems ideal for providing sustainable, cost-effective

cooling in areas with abundant sunlight.
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1.5 Comparison Between Vapor Compression Refrigeration (VCR) And

Vapor Absorption Refrigeration (VAR) Systems
Here is a comparison between Vapor Compression Refrigeration (VCR) and Vapor
Absorption Refrigeration (VAR) systems.
Table 1.1: Comparison Between Vapor Compression Refrigeration (VCR) and
Vapor Absorption Refrigeration (VAR) Systems

Aspect

VCR System

VAR System

Energy Source

Mechanical work

(electricity-driven)

Heat energy (solar, waste heat,

gas, etc.)

Compressor Uses a mechanical No mechanical compressor; uses
compressor an absorber
Main Compressor, Condenser, Absorber, Generator, Pump,
Components Evaporator, Expansion Condenser, Evaporator
Valve
Working Fluid Refrigerant only Refrigerant and Absorber pair
Power High due to mechanical Low; requires heat input

Consumption

work

Operating Cost

High due to electricity

Low if waste heat or renewable

usage energy is used
Noise and High due to moving Very low as there are minimal
Vibration compressor parts moving parts

Maintenance

Requires frequent

maintenance

Requires less maintenance

Environmental

Potential for refrigerant

Environment-friendly (uses

Impact leaks (CFCs, HFCs) natural refrigerants like water or
ammonia)
Application Widely used in domestic Suitable for industrial
and commercial systems | applications, chillers, and large-
scale systems
Initial Cost Lower compared to VAR Higher due to additional
systems components
Suitability Best for areas with Best for areas with available

electricity availability

waste heat or solar energy

Dept. of ME, MIT Mysore

16



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
1.6 Refrigerant —Absorber Pairs

Absorption refrigeration systems rely on refrigerant-absorber pairs to create a
cooling effect without the need for mechanical compressors. Instead of using electricity-
intensive components, these systems use heat—Ilike solar energy, waste heat, or natural
gas—as their primary energy source. In this process, the refrigerant evaporates at low
temperatures to absorb heat, and the absorber captures the refrigerant vapor, allowing the
system to function continuously.

For example, in the Ammonia-Water system, ammonia serves as the refrigerant, absorbing
heat as it evaporates, while water, in its liquid form, absorbs the ammonia vapor. This pair
is widely used in industrial refrigeration, gas-powered refrigerators, and absorption chillers
because of its efficiency and ability to work with various heat sources. Other solid
absorbers, like Sodium Thiocyanate, Lithium Nitrate, Calcium Chloride, and Isobutane, are
also paired with ammonia. These solid materials effectively absorb ammonia vapor and are
commonly used in portable cooling systems, where compact designs and lower
temperatures are needed.

Another popular combination is the Water-Lithium Bromide and Water-Lithium Chloride
systems. Here, water acts as the refrigerant, while lithium bromide or lithium chloride
absorbs the water vapor. These systems operate under vacuum conditions, allowing water
to evaporate at low temperatures. They are widely used in large-scale applications, such as
air conditioning systems and industrial cooling, especially where waste heat or renewable
energy can power the process.

Lastly, the Methyl Chloride-Dimethyl Ether of Tetra Ethylene Glycol pair stands out for
its liquid-to-liquid interaction, making it suitable for specialized low-temperature cooling
applications.

The beauty of absorption systems lies in their simplicity and eco-friendliness. By relying
on natural refrigerants like ammonia and water, they reduce environmental impact. Plus,
by utilizing waste heat or renewable energy, they offer an energy-efficient alternative to
conventional cooling systems. Whether for large buildings, industries, or portable

applications, these systems provide sustainable and effective cooling solutions.
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Table 1.2: Common Refrigerant-Absorber Pairs Used in Absorption Refrigeration

Systems
Refrigerant Absorber State of Absorber

Ammonia Water Liquid
Ammonia Sodium Thiocyanate Solid
Ammonia Lithium Nitrate Solid
Ammonia Calcium Chloride Solid
Ammonia Isobutane Solid
Water Lithium Bromide Solid
Water Lithium Chloride Solid
Methyl Chloride | Dimethyl Ether of Tetra Ethylene Glycol Liquid
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CHAPTER 2

LITERATURE SURVEY

Rohan Chandra, Rahul, Rahul Kumar and Prof. J.P. Kesari [1] “Design of Solar
Powered Vapour Absorption Refrigeration System” International Journal of Advances
in Engineering and Management (IJAEM) Volume 2, Issue 10, pp: 180-186. ISSN: 2395-
5252. This paper investigates the thermal performance of a 2-ton capacity vapour
absorption refrigeration system with ammonia-water pair using solar energy. The paper
describes the system design, components and its performance under different operating

conditions.

Shabari Girish K.V.S., Praveen R., Dipesh Nair and Debjyoti Sahu [2] “A Case Study
on Solar Vapour Absorption Refrigeration System” International Journal of
Engineering & Technology, 7 (4.5) (2018) 44-47. This study offers an optimum point of
operating the system with a higher COP by considering parabolic Solar Collector as the
Fundamental Thermal Source. Proving that solar energy can be used for high-efficiency

and super eco-friendly refrigeration.

Varun Yadav, Supradeepan Panual G, Neeraj Yadav, Ratham Bordia, Rohini Soni
and Rinkesh Khanedy [3] “Design and Fabrication of Solar Powered Vapour
Absorption Refrigeration System” E3S Web of Conferences 170, 0 (2020) EVF2019.
202017002011. In this paper, the design, fabrication and performance analysis of the
system is dealt. With this initiative we are aiming to provide an alternative refrigeration
system that competes with current conventional refrigerants working through mechanical

compression which is associated more nonrenewable energy use.

Hemanth Suvarna, Bhushan Kundar, Christon Lloyd Pinto, Likhith S Shetty and
Gurukiran [4] “A Review on Vapour Absorption Solar Refrigeration System”
International Journal of Research Publication and Reviews, Vol 4, no 2, pp 416-426,
February 2023. ISSN 2582-7421. The paper provides an exhaustive review of various solar
absorption refrigeration technologies and indicates the superiority effectiveness as well as
economic potential to compare with solar electricals systems or thermo-mechanical ones.

This discussion briefly covers, but hardly focuses on NH3-H20 systems.
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Alvaro A. S. Lima, Gustavo de N. P. Leite, Alvaro A. V. Ochoa, José A. P. da Costa,

Paula S. A. Michima, Allysson M. A. Caldas and Carlos A. C. dos Santos [5]
“Absorption Refrigeration Systems Based on Ammonia as Refrigerant Using
Different Absorbents: Review and Applications”. Energies 2021, 14, 48. The paper
introduces a comprehensive analysis of ammonia-based absorption refrigeration systems
progress and applications. To this end, the authors lay out underlining importance of said
systems within frameworks, particularly because of energy efficiency and sustainability, as
well as an ability to work on low-grade thermal energy and minimize dependence on
electric power. It discusses ammonia-based working fluid pairs such as the ammonia-water

pair and the ammonia-lithium nitrate pair.

Nabeel A. Ghyadh, Haroun A. K Shahad and Salman H. Hammadi [6] “Overview of
Working Pair used in Absorption Refrigeration Technologies”. ISSN: 2321-9653; IC
Value: 45.98; SJ Impact Factor: 6.887 Volume 6 lIssue VII, July 2018. This paper
offers an overview of the refrigerant-absorbent pairs utilized in absorption refrigeration
systems. It acknowledges that working pairs are very crucial for determining  system
efficiency, stability, and environmental impact. It has described quite a number of working
pairs, ammonia-water, lithium bromide-water, and ammonia-lithium
nitrate, with properties,  advantages, and limitations. Notable are ammonia-based
pairs that demonstrate superior cooling at lower temperatures, as well as lithium bromide-
water systems that show great efficiency with operational limitations in relation to the

potential risks of crystallization.

Prof. Nilesh B. Totla, Siddhesh S. Arote, Sujaya V. Gaikwad, Shubham P. Jodh and
Shubham K. Kattimani [7] “Comparison of the Performances of NH3-H20 and Libr-
H20 Vapour Absorption Refrigeration Cycles”. ISSN: 2248-9622, Vol. 6, Issue 4, (Part
- 7) April 2016, pp.08-13. This paper offers a performance comparison of two fluid-based
vapour absorption refrigeration systems, namely ammonia-water (NH3-H20) and lithium
bromide-water (LiBr-H20). The attention is mainly on the compared result in the sense of
environmental applications as well as efficiency points compared with the compressor-
based traditional refrigeration systems. Both systems are studied in terms of coefficient of
performance, as a function of operating temperature. NH3-H20O seems to be preferred for
lower-temperature uses, while LiBr-H20 is definitely better suited for more moderate-

temperature applications.
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Sanjiv Kumar, PC Meena, Ranjit and G Venkateshwarlu [8] “Sustainability of

Vegetable Street Vendors in India”. ICAR-National Academy of Agricultural Research
Management, Hyderabad, India. pp. 1-20. The paper "Sustainability of Vegetable Street
Vendors in India" portrays all the problems vegetable street vendors face at the same time
acknowledging their importance in the urban informal economy of India. Issues mainly
include wastage of perishable items due to inadequate storage and exposure to harsh
weathers and a lack of proper vending spaces, which forces vendors to occupy the public
pathways, thereby, creating more friction with local authorities. Also, supply chain
inefficiencies, transport disadvantages, as well as evacuation threats at any time contribute
to external pressures on their livelihoods, thus threatening extortion and exploitation.
Women vendors also carry more burdens, including limited mobility and health risks due

to inadequate sanitary conditions.

Johnson Mwove, Samuel Imathiu, Irene Orina and Paul Karanja [9] “Food safety
knowledge and practices of street food vendors in selected locations within Kiambu
County, Kenya”. VVol. 14(6) pp. 174-185, July 2020 DOI: 10.5897/AJFS2020.1929 Article
Number: 6CB52D464511 ISSN: 1996-0794. The research has shown that the training on
food safety by the major percent of vendors is inadequate. Storage and preservation by most
vendors are substandard as 78.3% of vendors have perishable foods under ambient
temperature storage increasing the chance of microbial contamination. Preservation of
leftovers is also not adequate, as most vendors sell the unrefrigerated food the following
day.

Summary of Literature Survey

The reviewed literature highlights advancements in Solar-Powered Vapor Absorption
Refrigeration Systems, focusing on designs using ammonia-water and lithium bromide-
water working pairs. Several studies emphasize the environmental benefits, energy
efficiency, and adaptability of VAR systems for low-temperature applications, particularly
with solar energy as a sustainable thermal source. Comparative analyses reveal ammonia-
based pairs as superior for lower-temperature cooling, while lithium bromide-water pairs
are more efficient for moderate-temperature applications but face crystallization risks.
Insights into street vendor challenges, such as inadequate storage, food safety issues, and
economic pressures, underline the need for cost-effective and compact refrigeration
solutions. Collectively, these studies guide the development of efficient, eco-friendly
refrigeration technologies tailored for practical, small-scale applications like street

vending.
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CHAPTER 3

SCOPE OF THE PROJECT WORK
3.1 PROBLEM DEFINITION

The lack of reliable cooling systems for street vendors makes it very challenging
and leads mainly to food spoilage. Some of the traditional refrigeration solutions are
energy-intensive and expensive, relying heavily on grid electricity that is unavailable or
inconstant in many regions where street vendors work. Solar power seems to be the most
promising alternative and promises sustainable energy; the problem is that currently the
available solar-powered refrigeration systems are too pricey, and not very energy efficient
for small vendors access. There is a need for a sustainable and cheap and portable solar
vapor absorption refrigerator. The required conditions are that it should have an optimal
balance between performance, cost, and simplicity. This would help to effectively tackle
the perishable good preservation challenge in improving food safety and protect economic

stability for street vendors in resource-constrained settings.

3.2 OBJECTIVES

e To design and build a portable and affordable solar-powered refrigerator for street
vendors.
e To test the refrigerator's ability to keep food fresh for longer with using Solar

energy.

3.3 METHODOLOGY

«Identify street vendor needs and constraints. |
«Literature survey based on the identified problem.
*Select vapor absorption refrigeration cycle.
Fabricate and assemble prototype.
J
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The project identifies street vendors needs through surveys and reviews existing VAR

technologies to select a suitable refrigerant and solar power source. A compact, cost-
effective prototype is designed, fabricated, and tested in lab and field conditions.

Identify Needs and Constraints of Street Vendor

Conduct a Survey of vendors to identify their storage requirement, energy accessibility,
space constraints, and cost constraint.

Literature Study

Study existing refrigeration technologies, vapor absorption cycles, and compact designs
that can be mobile or low cost applications.

Select Vapor Absorption Refrigeration Cycle

Identify an appropriate cycle (ammonia-water, for example) and source of power
depending on the requirements of the vendor, cost, and energy efficiency.

Fabricate and Assemble the Prototype

Design a working prototype and put it together with chosen materials and parts to make

sure it is safe.
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CHAPTER 4

DESIGN

The Design and Fabrication of a Solar-Powered Vapour Absorption Refrigerator aim to
provide a sustainable, portable refrigeration solution for street vendors, addressing their
need to store and preserve perishable goods in off-grid locations. The system relies on
renewable solar energy and an eco-friendly vapour absorption refrigeration cycle to ensure
consistent cooling without dependence on conventional electricity.

4.1 Theory of Operation

The refrigeration system operates on the vapour absorption principle, which uses heat
energy as the driving force to circulate a refrigerant instead of mechanical compression.
The system consists of the following key components:

Copper Coil: The copper coil is an integral part of the design, functioning as a solar water
heater. The coil, made of high-conductivity copper, absorbs solar energy to heat water
circulating through it. The heated water is then directed to the generator to power the
refrigeration cycle. This passive heating mechanism eliminates the need for fossil fuels or

electricity for the initial energy input.

Generator: The generator is where the absorption cycle begins. The heated water from the
copper coil transfers its thermal energy to the refrigerant-absorbent solution (ammonia and
water). The heat causes ammonia to vaporize, separating it from the water. The vaporized

ammonia is then fed into the cooling cycle.

Condenser: In the condenser, the ammonia vapor is cooled and condensed into a liquid by
releasing heat to the surrounding environment. The condensed liquid ammonia then flows

to the evaporator.

Evaporator Chamber: The evaporator is located inside the storage compartment. Here,
the liquid ammonia absorbs heat from the stored goods, evaporating into a gaseous state

and creating the cooling effect required to maintain a low temperature for perishable items.

Absorber and Pump: The ammonia gas is absorbed back into the water in the absorber,
forming the ammonia-water solution again. The pump circulates this solution back to the

generator, completing the cycle.
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Solar Integration: The system integrates solar panels to provide additional power for

auxiliary components such as:
e A pump to circulate water through the copper coil.
o A DC fan to maintain ventilation and prevent overheating of the system.

4.2 Design Considerations

Portability:

The system is mounted on a mobile cart with wheels and a handle, making it easy for street
vendors to transport and use in various locations.

Insulation:

High-quality insulating materials are used in the refrigerator compartment to minimize heat
transfer and maintain a consistent low temperature.

Safety:

The design ensures safe handling of ammonia, proper ventilation, and user-friendly
operation.

Environmentally Friendly:

The use of solar energy and a non-electric refrigeration cycle reduces carbon emissions,

making the system eco-friendly.

4.3 Application for Street Vendors

This system allows street vendors to preserve perishable goods like fruits, vegetables,
beverages, and dairy products, ensuring freshness and reducing waste. The portability and
reliance on solar energy make it especially suitable for vendors operating in remote areas

without access to electricity. By lowering operating costs and increasing the shelf life of

goods, the system enhances vendors' profitability and customer satisfaction.

Fig: 4.3 Al Generated Images
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4.4 Proposed 3D Model Design

Fig: 4.4.1 Isometric View of Proposed 3D Model

Copper Coil

Condenser Battery

Evaporator
Chamber

Generator

Absorber

Pump

Fig. 4.4.2 Front View of Proposed 3D Model
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4.5 Components and Material Selection

Table 4.1: Components and Material Selection

Component

Function

Material Selection

Solar Panel

Converts sunlight into electrical

energy to power the fan and pump.

Photovoltaic cells (Silicon-based

panels)

Battery

Stores electrical energy from the solar
panel for continuous operation of the

system.

Lithium-ion battery

Fan

Provides ventilation and cooling for
vendor comfort, improving the

usability of the system.

Plastic (blades and casing) for
lightweight and durability

Copper Caoil

Heats water using solar or other heat
sources and transports it to the

generator for system operation.

Copper (for excellent thermal

conductivity)

Evaporator
Chamber

Provides the cooling effect by

evaporating the refrigerant.

Stainless Steel with Insulated

material

Condenser

Removes heat from the refrigerant to

convert it back to liquid form.

Copper tubing with Alluminium

fins

Generator

Uses heated water from the copper
coil to provide the required energy to

restart the cycle.

Stainless Steel (for heat

resistance)

Absorber

Absorbs refrigerant vapor in the

refrigeration cycle.

Mild Steel (corrosion resistance)

Pump

Circulates the refrigerant-absorber

mixture and water within the system.

12V DC High
Performance/diaphragm Water

Pump

Wheels

Enables mobility of the system for

convenience.

Rubber (tires) with Steel hub
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4.5.1 Components

Solar Panel: The solar panel is responsible for converting sunlight into electrical energy,
which powers the fan and pump. Photovoltaic cells, typically made of silicon, are used for
their excellent energy conversion efficiency. Solar panels provide a sustainable and eco-

friendly energy source for the system, especially in remote areas or places with abundant
sunlight.

Fig: 4.5.1 Solar Panel
Battery and Solar Charge Controller: The battery stores the electrical energy produced
by the solar panel, allowing the system to operate even during cloudy days or at night.
Lithium-ion or lead-acid batteries are commonly used due to their reliable performance and

ability to store and release energy efficiently, ensuring that the system runs continuously
when needed.

-

Fig: 4.5.2 Battery and Solar Charge Controller
Fan: The fan is essential for providing ventilation and cooling for the vendor's comfort. It
helps to circulate air, reducing the heat around the system and maintaining a comfortable
working environment for the user. Made of lightweight plastic for durability and efficiency,

it ensures minimal energy consumption while maximizing airflow.

Dept. of ME, MIT Mysore 23



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
Copper Coil: Copper coils are used for their excellent thermal conductivity. The copper

coil absorbs heat from sunlight or another heat source and heats up the water circulating
through it. This heated water is then directed to the generator, where it is used to restart the

absorption cycle, facilitating the refrigeration process.

Fig: 4.5.4 Copper Coil
Evaporator Chamber: The evaporator chamber is where the refrigerant evaporates at low
pressure to absorb heat. This process lowers the temperature inside the chamber, allowing
it to cool the surrounding space. Materials like stainless steel are used to ensure durability

and effective heat transfer.

Fig: 4.5.5 Evaporator Chamber
Condenser: The condenser removes heat from the refrigerant gas to convert it back into a
liquid. This is done by dissipating heat into the surroundings, ensuring the refrigeration
cycle continues. Copper tubing with aluminium fins is typically used in the condenser due

to copper’s superior heat transfer properties.

Fig: 4.5.6 Condenser
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absorber pair. Heat is supplied by the heated water coming from the copper coil. The
generator ensures the system remains operational by maintaining the required temperature
for the refrigerant cycle. Stainless steel is used for its heat resistance and durability.

i

Fig: 4.5.7 Generator

Absorber: The absorber captures the refrigerant vapor, absorbing it into the absorbent
liquid. This is crucial for maintaining the flow of the refrigeration cycle. Mild steel or

stainless steel is used in the construction of the absorber to ensure resistance to corrosion

and durability.

Fig: 4.5.8 Absorber
Pump: The pump circulates the refrigerant-absorber mixture and water throughout the
system. It ensures that the fluid moves smoothly between components, such as from the
evaporator to the absorber and from the copper coil to the generator. Materials like stainless

steel or high-grade plastic are used for their resistance to corrosion and ability to handle the

pressures of the system.

Fig: 4.5.9 Pump
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Wheels: The wheels provide mobility to the entire system, allowing it to be easily moved

to different locations. This is particularly useful for portable refrigeration systems. Rubber
tires with steel hubs are used to provide a smooth, durable, and stable movement.

4.6 Selection of Refrigerant

Considerations for Refrigerant Selection:

Thermodynamic Properties: The refrigerant should have appropriate thermodynamic
properties to facilitate efficient absorption and desorption cycles. This includes high latent
heat, good evaporation, and condensation characteristics.

Environmental Impact: The refrigerant should have a low Global Warming Potential
(GWP) and Ozone Depletion Potential (ODP). With increasing environmental concerns,
using refrigerants that are eco-friendly is a priority.

Compatibility with Absorbent: The refrigerant must be compatible with the absorbent
used in the system. Common combinations include ammonia-water, lithium bromide-
water, or water as the absorbent.

Energy Efficiency: Since the system is solar-powered, it’s essential to select a refrigerant
that maximizes efficiency under variable solar energy conditions.

Safety: The refrigerant should be non-toxic and non-flammable or have low toxicity and
flammability risks, particularly in domestic or commercial applications.

Common Refrigerants for Solar-Powered Vapor Absorption Refrigeration is shown in
Table 1.2. For solar-powered systems, the most commonly used refrigerant-absorbent pairs
are Ammonia-Water and Lithium Bromide-Water.

« Ammonia-Water (NHs/H20): Ammonia has excellent thermodynamic properties
and is widely used in industrial and large-scale refrigeration systems. It’s a great
choice for systems where high efficiency and cooling power are necessary, but it
requires careful handling due to its toxicity and flammability.

e Lithium Bromide-Water (LiBr/H:0): This combination is widely used for air

Dept. of ME, MIT Mysore 31



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
conditioning and refrigeration, especially in commercial and industrial systems. It

is safe, effective, and non-toxic but requires a vacuum system to avoid corrosion of
the lithium bromide absorbent. Water is an eco-friendly choice with zero ozone
depletion and low environmental impact, making it ideal for solar-powered
applications.
Here we considered the Ammonia-Water as a refrigerant and absorbent because, the
Ammonia-Water (NHs/H-0) pair is generally considered better than the Lithium Bromide-
Water (LiBr/H20) pair for solar-powered vapor absorption refrigeration systems due to its
higher thermodynamic efficiency, better performance in varying solar conditions, and
lower cost. While ammonia does have safety concerns related to its toxicity and
flammability, these can be mitigated with proper handling and safety measures. In
comparison, the lithium bromide-water pair is safer but may not be as efficient or cost-
effective for high-demand systems, especially in solar-powered applications where
efficiency and cost are crucial.

4.7 Calculations
Energy Balance Equations:
Overall Energy Balance:

Qa + Qc = Qe + Qg + Wp
Cooling Load Equation:

Qo = Qa + Qc
Entropy Balance Equations:
Entropy Change in the Generator:
Qg
ASg = Tg
Entropy Change in the Evaporator:
_ Qe
ASe = Te
Entropy Change in the Overall System:
_ Qo
ASo = To
Total Entropy Change (Second Law of Thermodynamics):
e (0]
AStotal = ASg + ASe + ASo = — Q_g_ Q—+ Q—>= 0

Tg Te To

Dept. of ME, MIT Mysore 32



Design and Fabrication of Solar Powered Vapour Absorption Refrigerator for Street Vendors
Coefficient of Performance (COP) Equations:

General COP Expression for Vapor Absorption Refrigeration:
_ Qe  Tex (Tg — To)

Qg < Tg * (To — Te)

COP

Maximum COP (Thermodynamic Limit):
Te x (Tg — To)

P =
COPmax Tg + (To — Te)

Data Collected during testing:

Evaporator Temperature (Te) =5 + 273 = 278K

Environment Temperature (To) = 30 + 273 = 303K

Generator Temperature (Tg) = 45 + 273 = 318K

Work (W) = 65W

Coefficient of performance (COP) =278 * (318 — 303) /318 * (303 — 278)
= 0.52

Qe
COP = —
w

0.52=Qe /65
Qe =33.8W
Qe = 0.0338 kW
1 Ton of Refrigeration (TR) = 3.5 kW
_ e
3.5

_0.0338
35

TR = 0.00965TR

TR
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CHAPTER 5

FABRICATION

5.1 Fabrication Process

Here is the fabrication process

Fabrication of Components

Components like the evaporator, condenser, and absorber are fabricated by cutting,
bending, and welding the chosen materials such as copper, aluminium, and stainless steel.
Heat exchangers are built using tubes and fins, while the absorber and generator are
constructed to handle the refrigerant-absorbent mixture under high pressure.

Flg 5.1.1 F Fabrication of Frame work and Components

Assembly and Welding
The fabricated components are welded and assembled into the final system, with all joints
and connections carefully sealed to avoid leaks. Pipes, valves, and other parts are welded

and connected to ensure proper flow of the refrigerant and absorbent.

Flg 5.1.2 Assembly and Weldlng
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Leak Testing and Charging

The system undergoes a vacuum and leak test to ensure there are no air or refrigerant leaks
in the system. After passing the tests, the system is charged with ammonia and water,
ensuring the right proportions for efficient operation.

Fig: 5.1.3 Leak Testing and Charging

System Testing and Calibration

The VAR system is powered up and tested for its cooling performance, checking for the
desired temperature and pressure levels. Calibration is done to ensure the system operates
at the expected efficiency, adjusting refrigerant flow and other parameters as needed.

Fig: 5.1.4 Ambient Temperature Fig: 5.1.5 Evaporator Temperature
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Final Assembly

The final assembly includes casing, covers, and protective elements before the system is
ready for delivery.

Fig: 5.1.6 Final Assembly

5.2 Output Model

Here is the Output Prototype after the complete assembly

Fig: 5.2.1 Front View of Output Model
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CHAPTER 6

RESULTS

o Maintains 5-10°C to slow spoilage and keep vegetables fresh. Prevents temperature
fluctuations.

e Usessolar power and low-energy cooling. Helps reduce operating costs for vendors.

o Compact and easy to transport anywhere. Ideal for street vendors' mobility needs.

o Made from strong, weather-resistant materials. Requires minimal maintenance and
effort.

o Keeps vegetables fresh for a longer time. Reduces waste and increases vendor

profits.
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CHAPTER 7

CONCLUSIONS

The Solar-Powered Vapor Absorption Refrigerator System offers a sustainable way for
street vendors to keep vegetables fresh. Using solar energy, it provides a cost-effective,
energy-efficient alternative to traditional refrigeration, ideal for vendors without reliable
power. The system maintains 5-10°C, preventing spoilage and extending shelf life. Its
portable, durable, and low-maintenance design ensures easy transport and long-lasting use
in outdoor conditions. This project helps vendors maintain freshness, reduce waste, and
increase profits. By combining solar energy with refrigeration, it supports small businesses
while promoting sustainability.
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CHAPTER 8

FUTURE SCOPE

e Expanding capacity to store more produce, making it suitable for dairy, meats,
and beverages.

e Integrating IoT for remote monitoring, real-time temperature control, and
system diagnostics.

e Using high-efficiency solar panels for better performance in low-sunlight areas.

e Adopting eco-friendly refrigerants for lower environmental impact and
improved safety.

e Adding energy storage to ensure continuous operation during nighttime and

cloudy weather.
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