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A
BSTRA

CT 

Furnaces 
are 

used 
to 

heat 
Solid 

M
aterials 

to
 

change 
their 

shape 

or properties. 

M
elting 

furnace 
is m

ainly 

made 

with 

non-ferrous 

m
etals. 

An 

electrical 

resistance 

heating 

furnace 
is a type 

ofheating 

system
 

that 

uses 

electrical 

resistance 
to 

generate 

heat. 
This 

product. 

V
 

work 

developed 
an 

electric-

pow
ered 

crucible 

furnace 
for 

the 
purpose 
of 

melting 

alum
inium

 

scraps. 
It typically 

consists 
of heating 

elem
ents, 

such 
as 

coils 
or 

wires, 

that 

produce 

heat 

when 
an 

electric 

current 

passes 

through 

them
. 

These furnaces 
are 

com
m

only 

used 
for 

space 

heating 
in 

hom
es 

and 

buildings, 
as 

well 
as in 

industrial 

applications 
for 

processes 

like 

melting 

metals 
or drying 

materials. 

The heating 

process 
is fundam

entally 

based 
on 

electrom
agnetic 

means 
and 

graphite 

was 

selected 
as the 

crucible 

m
aterial. 

This 

furnace 
is a m

odified 

m
odel 

appropriate 
for 

labs 

and 

workshops. 
The 

furnace 
is intended 
to

 

provide 

efficient 

and 

controlled 

heating 
for 

various 

materials, 

including 

metals, 

ceram
ics, 

and 

com
posites. 

The 

liquid alum
inium

 
is poured 
to 
a desired 

shape 

and 

size 

either 
a alum

inium
 

block 
or final 



CHAPTER 7 

CONCLUSION 
A custom-designed electrical resistance heating furnace was develoned specifically for melting non--ferrous materials. During testing, aluminum weighing nske was melted, with continuous recording of temperature and timing as the 

mace ramped up. The heating and melting rates were found to be comparable to 
those of standard furnaces, achieving temperatures well over 950°C within 210 

minutes and melting the initial charge in approximately the same time frame. 

Following the furnace's successful performance, sand and die casting samples were 

prepared and subjected to hardness testing using a machine. The results revealed a 

hardness value of 215gm, representing approximately 71.66% compared to 
established standards, indicating a favorable outcome. 
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ABSTRACT 

Development of sustainable energy resources is the need of present day in 
view of the depleting energy resources and increase in the energy demand 

throughout the world. On the other hand, fossil fuel combustion emits harmful 

pollutants like oxides of carbon, sulfur, nitrogen and particulate matters, which 
causes atmospheric pollution. Biodiesel as alternative fuels have various 

advantages over the fossil fuels such as its renewability, lesser emission of 
atmospheric pollutants and flexibility to produce from variety of feedstock. 
Waste cooking oil can be used as a potential feedstock for biodiesel production. 
Disposal of waste cooking oil itself an environmental challenge due to its 
adverse environmental impact. Transesterification is the key process for 
synthesis of biodiesel production with low cost and under mild reaction 
condition. 

The objective of the present work is to produce biodiesel from waste 

cooking oil mixed with okra seed oil using a homogeneous catalyst. Since the 
extracted oil has acid value of 12.5 mg KOH/g of oil, it was subjected to 

esterification process using hydrochloric acid. The maximum biodiesel yield of 

97% was obtained under the optimum conditions of molar ratio of 1:6, catalyst 

concentration of 1.5wt.% (KOH), reaction time of 1.5 hours, at temperature 62°C 

and 500rpm stirring speed. The biodiesel properties meet the ASTM D7651 
standards. 

The second objective of the works is to investigate the working 
characteristics of the produced biodiesel on a compression ignition engine, 
including its performance, combustion, and emission. In addition, the 

antioxidant (propyl galate) 1% was added to the biodiesel and investigated for 
engine performance. The performance characteristics examined include brake 



CHAPTER 7 

CONCLUSION 
Ihe present work focused on the production of biodiesel from waste oking oil and okra oil. The results of FTIR confimed that complete transformation of biodiesel 

º Furthermore, the yield of the esterification process using WCO and okra feedstock was optimised under specific conditions, resulting in a yield of 97%. Similarly, the transesterification process using Potassium hydroxide 
as catalyst and waste cooking oil and okra seed oil as feedstock is 
optimised, resulting in an even higher yield of biodiesel at 97%. The 
results revealed that maximum biodiesel yield of 97% is achieved using 
eggshell as a catalyst at 1:6MR, 1.5wt % of catalyst concentration, fixed 
stirer speed of 500 rpm and 1.5 hours reaction time. 

º Finally, emission tests are conducted to evaluate the emissions produced 

during the combustion process. The results showed that CO, HC and FSN 
of the Bl00 and its blends are lower than neat diesel and B20 biodiesel 

(20% WCO and okra biodiesel and 80% petroleum diesel) is the optimum 

fuel, as it significantly reduces emissions of carbon monoxide and 

nitrogen oxides, which are major environmental pollutants while having 
better performance than Bl00. 

r It is concluded that, this research work successfully demonstrated the 

suitability of using waste cooking oil and okra as feedstock and catalysts, 
respectively, for the production of biodiesel. The engine perlormance, 
combustion and emission results show that blending biodiesel with diesel 
Is a promising approach to reduce emissions and improve engne 
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efficiency. The findings of this work are useful for the deve lopment of a 
sustainable biodiesel production process using waste cooking oil and okra 
oil 

71 FUTURE SCOPE OF WORK 

With a growing global demand for alternative energy sources, the 

development and optimization of biodiesel production from waste chicken fat 

and eggshells can offer a promising solution to the energy crisis. The following 
future scope proposes several directions for innovation and research to ensure 

the viability of this approach. 
> Technological advances and efficiency gains-higher biomass yields per 

acre and more gallons of biofuel per ton of biomass-could steadily reduce 

the economic cost and environmental impacts of biofuel production. 

> Biofuel production will likely be most profitable and environmentally 

benign in tropical areas where growing seasons are longer, per acre 

biofuel yields are higher, and fuel and other input costs are lower. 

> Explore the use of different types of feedstocks, such as mustard or 

jackfruit seed oil. 

> Investigate the impact of the process parameters such as reaction 

temperature, reaction time, and methanol to WCO and okra ratio on the 

yield. 
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ABSTRACT 

At this present modern day, continuous consumption of fossil fucl and 
consequcnt harmful cmissions demand is the necd for alternative fuel. Water 

clectrolysis is the most promising method to produce a Hydrogen-Oxygen (HHO) 
mixture. However the less encrgy consumption is aimed to maximize the HHO 

production. The aim of the rescarch is to produce the maximum gas flow rate from 
dry cell by modified design configurations. HHO is produced by water electrolysis 
in parallel plates are brass plate and rubber gasket using different concentration of 
NaOH and KOH. It is also aimed to study the effects of different parameters such 
as electrolyte type (NaOH and KOH), electronic concentration, electrode spacing, 
clectrolyte temperature, applied current voltage and operating time to maximize 

the gas yield in dry cell. Effects of flow current, voltage, electrolyte concentration, 
temperature, operating time and electrolyte types on HHO flow rate were studied. 

The voltage increase from 2 to 4 VDC led to the electrolyser efficiency increase 

to 50% but after that it was decreased. The applied voltage increase from 2 to 11 

VDC increased the HHO flow rate from 120 to 460 ml/min. The current increase 

from 8 to 14 A, produced the electrolyser efficiency of 72 % and decreased after 

that. The current increase from 6 to 18A, led the actual flow rate increase from 

137 to 654 ml/min. After operating time of 30 min., the HHO flow rate reached 

the highest stable values of 866, 985, 1040 and 1090 mlmin at 5, 10, 15 and 20 g 

NaOH concentrations, respectively. The electrolyte concentration of 5 g NaOH in 

cell configuration [4C3A19N] and supplied current of 14 A led to the highest HHO 
productivity of 866 ml/min and electrolyser efficiency of 72.1%. HHO dry cell is 
economical and efficient. 

Keywords i- AC to DC Converter , NaOH and KOH, Dry Cell stack , Silicon 

gasket , Acrylic tube, Brass Plate, Electrolyte, HHO. 

V 



CHAPTER 10 

CONCULSION 

In conclusion, the dry cell clectrolyzer is a technology that holds grcat promise 
in the ficld of hydrogen production. It is an electrochemical device that uses water 
as a feedstock to produce hydrogen gas, which can be used as a clean and renewable 
energy source. The dry cell electrolyzer operates by passing an electric current 
through water, causing the water molecules to split into hydrogen and oxygen gases 
through a process known as electrolysis. This technology offers several advantages, 

including high efficiency, scalability, and the ability to utilize a wide range of water 
sources. One of the key advantages of the dry cell electrolyzer is its high efficiency 
in hydrogen production. It has the potential to achieve high conversion rates, 

meaning that a significant amount of the input energy can be effectively converted 

into hydrogen gas. This efficiency makes the dry cell electrolyzer an attractive 

option for large-scale hydrogen production, which is crucial for meeting the growing 
demand for clean energy. Further more, the dry cell electrolyzer is a scalable 

technology, meaning it can be adjusted to diferent production capacities based on 
the required hydrogen output. This scalability makes it suitable for various 
applications, from small-scale installations for residential or industrial use to large 

scale hydrogen production for transportation or energy storage. Additionally, the dry 
cell electrolyzer has the advantage of being able to utilize different water sources, 

including freshwater, seawater, and wastewater. This versatility allows for flexibility 
in locating the electrolyzer units and reduces the strain on freshwater resources, 

making it a more sustainable option for hydrogen production. However, it is 

important to note that there are still challenges that need to be addressed for 
widespread adoption of dry cell electrolyzers. These challenges include the cost of 
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materials. durability of the electrodcs, and the overall system's long-term stability. 
Ongoing rescarch and development cfforts arc focused on addressing these 
challenges and improving the performancc and cost effectiveness of dry cell 
clectrolyzers. Overall, the dry cell electrolyzer technology shows great potential in 
the production of hydrogen as a clean and sustainable energy source. With further 
adyancements and continued research, it has the capacity to contribute significantly 
to the transition towards a low-carbon and renewable energy futurc. The electrolysis 
proccss offers significant potential for various industrial, environmental, and energy 
applications In conclusion, electrolysis represents a promising pathway for 
sustainable energy production, environmental protection, and industrial innovation. 
With ongoing advancements and support, electrolysis has the potential to become a 
cornerstone of the clean energy landscape, driving positive impacts for society and 
the planet. Electrolysis, driven by renewable energy sources, enables the clean and 

efficient generation of hydrogen gas without carbon emissions. This method offers 
versatility across industries, from transportation to industry and energy storage, 
fostering a transition away from fossil fuels. As electrolyser technologies continue 

to advance and costs decline, the scalability and commercial viability of hydrogen 

production are steadily improving. applicable in transportation, industry, and energy 

storage. Its environmental benefits lie in its potential to decarbonize sectors 
traditionaly reliant on fossil fuels. Advancements in electrolyser technology, 

coupled with the increasing availability of renewable energy sources, Embracing 
clectrolytic hydrogen production not only reduces reliance on finite resources but 
also mitigates environmental impacts, contributing to efforts to combat climate 
change. By investing in and adopting electrolysis for hydrogen production, we can 
pave the way for a cleaner, greener future powered by renewable energy and 

sustainable practices. 
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ABSTRACT 

Biomass gasification is a promising technology that converts organic 
materials such as agricultural residues, forest residues, and energy crops into 
clean, renewable energy sources such as syngas and biochar. This process 

involves thermo chemical conversion in a controlled environment, resulting in 

the production of a combustible gas primarily composed of hydrogen, carbon 
monoxide, and methane. The syngas generated can be utilized for various 

applications including electricity generation, heat production, and biofuels 
synthesis. Biomass gasification offers several advantages including reduced 
greenhouse gas emissions, potential for waste valorization, and energy security. 
However, challenges such as feedstock availability, technological complexity, 
and economic viability need to be addressed for widespread adoption. This 
abstract provides an overview of biomass gasification technology, its 

applications, benefits, challenges, and future prospects in the transition towards 
a sustainable energy future. 

Circulating Fluidized Bed (CFB) gasification has emerged as a versatile 

and efficient technology for converting various feedstock's into valuable 

syngas. This abstract delves into the fundamental principles and operational 

mechanisms of CFB gasifier, highlighting their unique capabilities in handling a 

wide range of biomass, coal, and waste materials. By suspending particles in a 

fluidized state, CFB gasifier offer enhanced heat and mass transfer, facilitating 

through conversion and minimizing tar formation. This abstract explores recent 
developments, challenges, and future prospects of CFB gasification, 
emphasizing its role in advancing towards a cleaner and more sustainable 
energy landscape. 



CHAPTER 8 

CONCLUSION 
In conclusion, the design and fabrication of the shell-and-tube heat exchanger and wet scrubber have been successfully completed. Through careful consideration of factors such as heat transfer requirements, material selection, and operational ane both systems have been tailored to meet the specific needs of the ication. The shell-and-tube heat exchanger provides efficient heat transfer uo fuids, while the wet scrubber effectively removes pollutants from gas RneThe fabrication process adhered to industry standards, ensuring reliability ond safety. Overall, these systems represent reliable and efficient solutions for heat Iransfer and pollution control in industrial processes. 
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CHAPTER 7 

CONCLUSION 
A custom-designed electrical resistance heating furnace was develoned specifically for melting non--ferrous materials. During testing, aluminum weighing nske was melted, with continuous recording of temperature and timing as the 

mace ramped up. The heating and melting rates were found to be comparable to 
those of standard furnaces, achieving temperatures well over 950°C within 210 

minutes and melting the initial charge in approximately the same time frame. 

Following the furnace's successful performance, sand and die casting samples were 

prepared and subjected to hardness testing using a machine. The results revealed a 

hardness value of 215gm, representing approximately 71.66% compared to 
established standards, indicating a favorable outcome. 
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ABSTRACT 

Development of sustainable energy resources is the need of present day in 
view of the depleting energy resources and increase in the energy demand 

throughout the world. On the other hand, fossil fuel combustion emits harmful 

pollutants like oxides of carbon, sulfur, nitrogen and particulate matters, which 
causes atmospheric pollution. Biodiesel as alternative fuels have various 

advantages over the fossil fuels such as its renewability, lesser emission of 
atmospheric pollutants and flexibility to produce from variety of feedstock. 
Waste cooking oil can be used as a potential feedstock for biodiesel production. 
Disposal of waste cooking oil itself an environmental challenge due to its 
adverse environmental impact. Transesterification is the key process for 
synthesis of biodiesel production with low cost and under mild reaction 
condition. 

The objective of the present work is to produce biodiesel from waste 

cooking oil mixed with okra seed oil using a homogeneous catalyst. Since the 
extracted oil has acid value of 12.5 mg KOH/g of oil, it was subjected to 

esterification process using hydrochloric acid. The maximum biodiesel yield of 

97% was obtained under the optimum conditions of molar ratio of 1:6, catalyst 

concentration of 1.5wt.% (KOH), reaction time of 1.5 hours, at temperature 62°C 

and 500rpm stirring speed. The biodiesel properties meet the ASTM D7651 
standards. 

The second objective of the works is to investigate the working 
characteristics of the produced biodiesel on a compression ignition engine, 
including its performance, combustion, and emission. In addition, the 

antioxidant (propyl galate) 1% was added to the biodiesel and investigated for 
engine performance. The performance characteristics examined include brake 



CHAPTER 7 

CONCLUSION 
Ihe present work focused on the production of biodiesel from waste oking oil and okra oil. The results of FTIR confimed that complete transformation of biodiesel 

º Furthermore, the yield of the esterification process using WCO and okra feedstock was optimised under specific conditions, resulting in a yield of 97%. Similarly, the transesterification process using Potassium hydroxide 
as catalyst and waste cooking oil and okra seed oil as feedstock is 
optimised, resulting in an even higher yield of biodiesel at 97%. The 
results revealed that maximum biodiesel yield of 97% is achieved using 
eggshell as a catalyst at 1:6MR, 1.5wt % of catalyst concentration, fixed 
stirer speed of 500 rpm and 1.5 hours reaction time. 

º Finally, emission tests are conducted to evaluate the emissions produced 

during the combustion process. The results showed that CO, HC and FSN 
of the Bl00 and its blends are lower than neat diesel and B20 biodiesel 

(20% WCO and okra biodiesel and 80% petroleum diesel) is the optimum 

fuel, as it significantly reduces emissions of carbon monoxide and 

nitrogen oxides, which are major environmental pollutants while having 
better performance than Bl00. 

r It is concluded that, this research work successfully demonstrated the 

suitability of using waste cooking oil and okra as feedstock and catalysts, 
respectively, for the production of biodiesel. The engine perlormance, 
combustion and emission results show that blending biodiesel with diesel 
Is a promising approach to reduce emissions and improve engne 
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efficiency. The findings of this work are useful for the deve lopment of a 
sustainable biodiesel production process using waste cooking oil and okra 
oil 

71 FUTURE SCOPE OF WORK 

With a growing global demand for alternative energy sources, the 

development and optimization of biodiesel production from waste chicken fat 

and eggshells can offer a promising solution to the energy crisis. The following 
future scope proposes several directions for innovation and research to ensure 

the viability of this approach. 
> Technological advances and efficiency gains-higher biomass yields per 

acre and more gallons of biofuel per ton of biomass-could steadily reduce 

the economic cost and environmental impacts of biofuel production. 

> Biofuel production will likely be most profitable and environmentally 

benign in tropical areas where growing seasons are longer, per acre 

biofuel yields are higher, and fuel and other input costs are lower. 

> Explore the use of different types of feedstocks, such as mustard or 

jackfruit seed oil. 

> Investigate the impact of the process parameters such as reaction 

temperature, reaction time, and methanol to WCO and okra ratio on the 

yield. 
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ABSTRACT 

At this present modern day, continuous consumption of fossil fucl and 
consequcnt harmful cmissions demand is the necd for alternative fuel. Water 

clectrolysis is the most promising method to produce a Hydrogen-Oxygen (HHO) 
mixture. However the less encrgy consumption is aimed to maximize the HHO 

production. The aim of the rescarch is to produce the maximum gas flow rate from 
dry cell by modified design configurations. HHO is produced by water electrolysis 
in parallel plates are brass plate and rubber gasket using different concentration of 
NaOH and KOH. It is also aimed to study the effects of different parameters such 
as electrolyte type (NaOH and KOH), electronic concentration, electrode spacing, 
clectrolyte temperature, applied current voltage and operating time to maximize 

the gas yield in dry cell. Effects of flow current, voltage, electrolyte concentration, 
temperature, operating time and electrolyte types on HHO flow rate were studied. 

The voltage increase from 2 to 4 VDC led to the electrolyser efficiency increase 

to 50% but after that it was decreased. The applied voltage increase from 2 to 11 

VDC increased the HHO flow rate from 120 to 460 ml/min. The current increase 

from 8 to 14 A, produced the electrolyser efficiency of 72 % and decreased after 

that. The current increase from 6 to 18A, led the actual flow rate increase from 

137 to 654 ml/min. After operating time of 30 min., the HHO flow rate reached 

the highest stable values of 866, 985, 1040 and 1090 mlmin at 5, 10, 15 and 20 g 

NaOH concentrations, respectively. The electrolyte concentration of 5 g NaOH in 

cell configuration [4C3A19N] and supplied current of 14 A led to the highest HHO 
productivity of 866 ml/min and electrolyser efficiency of 72.1%. HHO dry cell is 
economical and efficient. 

Keywords i- AC to DC Converter , NaOH and KOH, Dry Cell stack , Silicon 

gasket , Acrylic tube, Brass Plate, Electrolyte, HHO. 
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CHAPTER 10 

CONCULSION 

In conclusion, the dry cell clectrolyzer is a technology that holds grcat promise 
in the ficld of hydrogen production. It is an electrochemical device that uses water 
as a feedstock to produce hydrogen gas, which can be used as a clean and renewable 
energy source. The dry cell electrolyzer operates by passing an electric current 
through water, causing the water molecules to split into hydrogen and oxygen gases 
through a process known as electrolysis. This technology offers several advantages, 

including high efficiency, scalability, and the ability to utilize a wide range of water 
sources. One of the key advantages of the dry cell electrolyzer is its high efficiency 
in hydrogen production. It has the potential to achieve high conversion rates, 

meaning that a significant amount of the input energy can be effectively converted 

into hydrogen gas. This efficiency makes the dry cell electrolyzer an attractive 

option for large-scale hydrogen production, which is crucial for meeting the growing 
demand for clean energy. Further more, the dry cell electrolyzer is a scalable 

technology, meaning it can be adjusted to diferent production capacities based on 
the required hydrogen output. This scalability makes it suitable for various 
applications, from small-scale installations for residential or industrial use to large 

scale hydrogen production for transportation or energy storage. Additionally, the dry 
cell electrolyzer has the advantage of being able to utilize different water sources, 

including freshwater, seawater, and wastewater. This versatility allows for flexibility 
in locating the electrolyzer units and reduces the strain on freshwater resources, 

making it a more sustainable option for hydrogen production. However, it is 

important to note that there are still challenges that need to be addressed for 
widespread adoption of dry cell electrolyzers. These challenges include the cost of 
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materials. durability of the electrodcs, and the overall system's long-term stability. 
Ongoing rescarch and development cfforts arc focused on addressing these 
challenges and improving the performancc and cost effectiveness of dry cell 
clectrolyzers. Overall, the dry cell electrolyzer technology shows great potential in 
the production of hydrogen as a clean and sustainable energy source. With further 
adyancements and continued research, it has the capacity to contribute significantly 
to the transition towards a low-carbon and renewable energy futurc. The electrolysis 
proccss offers significant potential for various industrial, environmental, and energy 
applications In conclusion, electrolysis represents a promising pathway for 
sustainable energy production, environmental protection, and industrial innovation. 
With ongoing advancements and support, electrolysis has the potential to become a 
cornerstone of the clean energy landscape, driving positive impacts for society and 
the planet. Electrolysis, driven by renewable energy sources, enables the clean and 

efficient generation of hydrogen gas without carbon emissions. This method offers 
versatility across industries, from transportation to industry and energy storage, 
fostering a transition away from fossil fuels. As electrolyser technologies continue 

to advance and costs decline, the scalability and commercial viability of hydrogen 

production are steadily improving. applicable in transportation, industry, and energy 

storage. Its environmental benefits lie in its potential to decarbonize sectors 
traditionaly reliant on fossil fuels. Advancements in electrolyser technology, 

coupled with the increasing availability of renewable energy sources, Embracing 
clectrolytic hydrogen production not only reduces reliance on finite resources but 
also mitigates environmental impacts, contributing to efforts to combat climate 
change. By investing in and adopting electrolysis for hydrogen production, we can 
pave the way for a cleaner, greener future powered by renewable energy and 

sustainable practices. 
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ABSTRACT 

Biomass gasification is a promising technology that converts organic 
materials such as agricultural residues, forest residues, and energy crops into 
clean, renewable energy sources such as syngas and biochar. This process 

involves thermo chemical conversion in a controlled environment, resulting in 

the production of a combustible gas primarily composed of hydrogen, carbon 
monoxide, and methane. The syngas generated can be utilized for various 

applications including electricity generation, heat production, and biofuels 
synthesis. Biomass gasification offers several advantages including reduced 
greenhouse gas emissions, potential for waste valorization, and energy security. 
However, challenges such as feedstock availability, technological complexity, 
and economic viability need to be addressed for widespread adoption. This 
abstract provides an overview of biomass gasification technology, its 

applications, benefits, challenges, and future prospects in the transition towards 
a sustainable energy future. 

Circulating Fluidized Bed (CFB) gasification has emerged as a versatile 

and efficient technology for converting various feedstock's into valuable 

syngas. This abstract delves into the fundamental principles and operational 

mechanisms of CFB gasifier, highlighting their unique capabilities in handling a 

wide range of biomass, coal, and waste materials. By suspending particles in a 

fluidized state, CFB gasifier offer enhanced heat and mass transfer, facilitating 

through conversion and minimizing tar formation. This abstract explores recent 
developments, challenges, and future prospects of CFB gasification, 
emphasizing its role in advancing towards a cleaner and more sustainable 
energy landscape. 



CHAPTER 8 

CONCLUSION 
In conclusion, the design and fabrication of the shell-and-tube heat exchanger and wet scrubber have been successfully completed. Through careful consideration of factors such as heat transfer requirements, material selection, and operational ane both systems have been tailored to meet the specific needs of the ication. The shell-and-tube heat exchanger provides efficient heat transfer uo fuids, while the wet scrubber effectively removes pollutants from gas RneThe fabrication process adhered to industry standards, ensuring reliability ond safety. Overall, these systems represent reliable and efficient solutions for heat Iransfer and pollution control in industrial processes. 
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