CHAPTER TWO
2.0			         	     LITERATURE REVIEW
[bookmark: _Toc153573239][bookmark: _Toc153573412][bookmark: _Toc162726837][bookmark: _Toc174429000]A thorough review of existing literature will be conducted to establish a theoretical framework. This will involve an exploration of traditional clay stove designs, electric heating technologies, sustainable cooking practices, and safety standards. The literature review will guide the integration of historical knowledge and contemporary advancements in the development of the electric stove.
This chapter provides a theoretical foundation for the design and construction of an electric stove, integrating insights from studies on traditional cooking methods, advancements in electric heating, and environmental considerations associated with solid fuels.
An electric stove, electric cooker or electric range is a stove with an integrated electrical heating device to cook and bake. Electric stoves became popular as replacements for solid-fuel (wood or coal) stoves which required more labor to operate and maintain. Some modern stoves come in a unit with built-in extractor hoods.
The stove's one or more "burners" (heating elements) may be controlled by a rotary switch with a finite number of positions; or may have an "infinite switch" called a simmerstat that allows constant variability between minimum and maximum heat settings. Some stove burners and controls incorporate thermostats.
2.1 History
On September 20, 1859, George B. Simpson was awarded US patent 25532 for an 'electro-heater' surface heated by a platinum-wire coil powered by batteries. In his words, useful to "warm rooms, boil water, cook victuals..."
Canadian inventor Thomas Ahearn filed patent #39916 in 1892 for an "Electric Oven,"  a device he probably employed in preparing a meal for an Ottawa hotel that year. Ahearn and Warren Y. Soper were owners of Ottawa's Chaudiere Electric Light and Power Company. The electric stove was showcased at the Chicago World's Fair in 1893, where an electrified model kitchen was shown. Unlike the gas stove, the electrical stove was slow to catch on, partly due to the unfamiliar technology, and the need for cities and towns to be electrified.
In 1897, William Hadaway was granted US patent # 574537 for an "Automatically Controlled Electric Oven"
In November 1905, David Curle Smith, the Municipal Electrical Engineer of Kalgoorlie, Western Australia, applied for a patent (Aust Patent No 4699/05) for a device that adopted (following the design of gas stoves) what later became the configuration for most electric stoves: an oven surmounted by a hotplate with a grill tray between them. Curle Smith's stove did not have a thermostat; heat was controlled by the number of the appliance's nine elements that were switched on.
After the patent was granted in 1906, manufacturing of Curle Smith's design commenced in October that year. The entire production run was acquired by the electricity supply department of Kalgoorlie Municipality, which hired out the stoves to residents. About 50 appliances were produced before cost overruns became a factor in Council politics and the project was suspended. This was the first time household electric stoves were produced with the express purpose of bringing "cooking by electricity ... within the reach of anyone". There are no extant examples of this stove, many of which were salvaged for their copper content during World War I.
To promote the stove, David Curle Smith's wife, H. Nora Curle Smith (née Helen Nora Murdoch, and a member of the Murdoch family prominent in Australian public life), wrote a cookbook containing operating instructions and 161 recipes. Thermo-Electrical Cooking Made Easy, published in March 1907, is therefore the world's first cookbook for electric stoves.
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Figure 1

Typical electric stove element, designed in mid 20th century Typical 20th century electric stove from North America
Three companies, in the United States, began selling electric stoves in 1908. However, sales and public acceptance were slow to develop. Early electric stoves were unsatisfactory due to the cost of electricity (compared with wood, coal, or city gas), limited power available from the electrical supply company, poor temperature regulation, and short life of heating elements. The invention of nichrome alloy for resistance wires improved the cost and durability of heating elements.[10] As late as the 1920s, an electric stove was still considered a novelty.
By the 1930s, the maturing of the technology, the decreased cost of electric power and modernized styling of electric stoves had greatly increased their acceptance.[11] The electrical stove slowly began to replace the gas stove, especially in household kitchens.
Electric stoves and other household appliances were marketed by electrical utilities to build demand for electric power. During the expansion of rural electrification, demonstrations of cooking on an electric stove were popular.
Early electric stoves had resistive heating coils which heated iron hotplates, on top of which the pots were placed.[13][14] Eventually, composite heating elements were introduced, with the resistive wires encased in hollow metal tubes packed with magnesite.[15] These tubes, arranged in a spiral, support the cookware directly.
Late 20th century variants
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A glass - ceramic cooktop (2005)
Figure 2
In the 1970s, glass-ceramic cooktops started to appear. Glass-ceramic has very low thermal conductivity and a near-zero coefficient of thermal expansion, but lets infrared radiation pass very well. Electrical heating coils or halogen lamps are used as heating elements. Because of its physical characteristics, the cooktop heats more quickly, less afterheat remains, and only the plate heats up while the adjacent surface remains cool. These cooktops have a smooth surface and are thus easier to clean, but are markedly more expensive
A third technology is the induction stove, which also has a smooth glass-ceramic surface. Only ferromagnetic cookware works with induction stoves, which heat by dint of electromagnetic induction
[bookmark: _Toc153573240][bookmark: _Toc153573413][bookmark: _Toc162726838][bookmark: _Toc174429001]2.2 	Historical Context of Traditional Clay Stoves
Traditional clay stoves have deep cultural roots and have been a central element in culinary practices globally. Research by Smith (2010) traces the historical significance of traditional cooking methods, emphasizing their role in shaping cultural identities (Smith, 2010). Understanding the traditional context is essential for designing an electric clay stove that respects cultural nuances.
[bookmark: _Toc153573241][bookmark: _Toc153573414][bookmark: _Toc162726839][bookmark: _Toc174429002]




2.3 	Advancements in Electric Heating Elements.
The evolution of electric heating technology is crucial to the successful integration of electric elements into the clay stove. Works by Johnson et al. (2015) and Brown (2018) explore the principles of electric heating and its application in modern cooking appliances, providing insights into efficiency, safety, and temperature control (Johnson et al., 2015; Brown, 2018).
[bookmark: _Toc153573242][bookmark: _Toc153573415][bookmark: _Toc162726840][bookmark: _Toc174429003]2.4 	Environmental Impacts of Solid Fuels.
The environmental consequences associated with traditional stoves that utilize solid fuels are well-documented. Research by Smith and Jones (2019) underscores the detrimental effects of deforestation and indoor air pollution caused by the burning of biomass fuels (Smith & Jones, 2019). This highlights the urgency of transitioning to cleaner energy sources, motivating the development of an electric alternative.
[bookmark: _Toc153573243][bookmark: _Toc153573416][bookmark: _Toc162726841][bookmark: _Toc174429004]2.5 	Technological Integration in Traditional Crafts.
Understanding how technology integrates into traditional craftsmanship is crucial for the collaborative aspect of this project. Work by Patel et al. (2020) explores the challenges and opportunities in merging traditional techniques with modern innovations, offering insights into the collaboration with artisans in the design process (Patel et al., 2020).






CHAPTER THREE
3.0	METHODOLOGY
This chapter presents the design principles, system architecture, and implementation procedures used in developing the electric stove. It outlines the major components, explains the design calculations, and details the working process of the entire system.
The electric stove is designed to convert electrical energy into heat using resistive heating elements. The stove features a temperature control mechanism, power regulation, safety features, and an indicator system.
3.1 	Block Diagram of an Electric Stove 
Insert a labeled block diagram showing the power supply, heating coil, control unit, temperature sensor (e.g., thermocouple), display unit, and safety circuit.)
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Figure 3
3.2	Component Parts and Description 
3.2.1 	Materials and Components Used
Table 1 material and componet used 
	S/N
	Component
	Quantity
	Description

	1
	Nichrome Wire
	1 roll
	For heating

	2
	Thermostat/Thermistor
	1
	Temperature sensing

	3
	Microcontroller (e.g., ATmega328)
	1
	For digital control

	4
	MOSFET / Relay
	1
	Power switching

	5
	LCD/LED Display
	1
	Display temperature/status

	6
	Casing (metal/ceramic)
	1
	Stove enclosure

	7
	Power Cord
	1
	Connection to AC mains


3.2.2 	Function of the Component Parts
· Power Supply Unit: Converts AC to required voltage.
· Heating Element: Converts electrical energy to heat (e.g., nichrome wire).
· Temperature Sensor: Monitors surface temperature (e.g., thermistor, thermocouple).
· Microcontroller/Control Circuit: Regulates power based on temperature.
· User Interface: Temperature setting knobs/buttons or digital display.
· Safety Mechanism: Fuse or thermal cutoff.
3.3 	Design Calculations
3.3.1 	Heating Element Design
Let’s assume:
· Power = 1000 W
· Voltage = 230 V
· Resistance (R) = V² / P = (230²) / 1000 = 52.9 ohms
Use nichrome wire with known resistance per meter to calculate required length.






3.3.2 	Power Supply Design
The power supply unit provides stable DC voltage for control circuits (usually 5V or 12V). A transformer, bridge rectifier, and voltage regulator (e.g., 7805) are used.
3.4	Construction and Assembly of Component Parts
1. Frame Construction: Assembled the stove casing with insulation.
2. Heating Coil Installation: Mounted the heating element on a ceramic base.
3. Control Circuit Assembly: Designed PCB with microcontroller, sensor, and switching unit.
4. Integration: Connected the control unit to the heating element and power supply.
5. Testing: Verified safety, thermal response, and temperature control.

[image: ]Constructed of Component Parts Diagram.


Figure 4











3.5 	Operating Principle of the Constructed Electric Stove
An electric stove works by converting electrical energy into heat energy through the process of Joule heating (resistive heating). This principle relies on the fact that when an electric current flows hrough a conductor (usually a high-resistance material), it generates heat.
 How it works – Step by Step
 Electrical supply
The stove is connected to an AC power source (typically 220–240 V 
2. Heating element
The main component is the heating element, made from a material like nichrome wire (nickel-chromium alloy) which has high electrical resistance.
When electricity flows through this element, the resistance causes it to heat up.
3. Heat transfer
The heated element then transfers heat to the cooking pot or pan by:
Conduction (direct contact)
Convection (air circulation around the element and pot)
Radiation (infrared energy from glowing hot element).
4. Temperature control
The stove uses a thermostat or selector switch to regulate the amount of current flowing to the heating element, thereby adjusting the temperature.
5. Insulation & safety
The stove’s body is insulated to prevent heat loss and protect users from electric shock.



3.6	 Safety Considerations
· Thermal fuse to prevent overheating.
· Proper insulation to prevent electric shock.
· Fuse or circuit breaker for overcurrent protection.
· Heat-resistant casing.
3.7	 Challenges Encountered
· Difficulty sourcing high - temperature insulation materials.
· Initial instability in temperature regulation due to sensor calibration.
· Managing power dissipation and heat buildup in control circuit.

[bookmark: _Toc174429020][bookmark: _Toc164935171]







CHAPTER FOUR
[bookmark: _Toc174429021]4.0	RESULTS AND DISCUSSION
This chapter presents the results of the tests conducted on the prototype of the elementary electric stove and their discussion. The objective of these tests was to evaluate the performance, durability, energy efficiency, and safety of the stove. Data was collected through a series of structured experiments and is discussed in detail below, with special focus on a practical example of boiling water.

[bookmark: _Toc164935173][bookmark: _Toc174429023]4.1 	Performance Testing

Performance testing assessed the stove’s response time (time it took to boil 500 ml of water from room temperature).
[bookmark: _4.0.2.3_Response_Time.][bookmark: _Toc164935176][bookmark: _Toc174429024]4.1.1 	Response Time.
The response time to reach 90% of a set temperature was tested. And results recorded in the table 1 below.
[bookmark: _Toc174149259]Table 2 when sauce pan is uncovered
	Time (minut)
	Temperature (°C)

	0
	24

	1
	26

	2
	31

	3
	36

	4
	42

	5
	49

	6
	59

	7
	67

	8
	73

	9
	78

	10
	83

	11
	86

	12
	88

	13
	90



The stove achieved 90% heating efficiency within an average of 13 minutes. When the experiment was repeated with sauce pan covered, the water boiled at 11 minutes and 31 seconds, 89 seconds less than when uncovered.


[bookmark: _GoBack]
[bookmark: _Toc174149203]Figure 5
[bookmark: _Toc164935177]
The analysis of energy efficiency, particularly through the boiling of 500 ml of water, highlighted the stove's impressive performance in minimizing energy consumption. With an efficiency rating exceeding 87%, the stove effectively converts electrical energy into heat, resulting in minimal waste and cost-effective operation. This efficiency is further augmented by the isolative properties of the clay body, which helps retain heat and optimize energy usage.
[bookmark: _Toc174429025]4.2.	 Durability and Reliability Testing.
These tests evaluated the clay structure and heating elements.
[bookmark: _Toc164935178][bookmark: _Toc174429026]4.2.1 	Longevity of Clay Body.
The clay body underwent thermal cycling from room temperature to more than 100°C for 100 cycles, with no structural failures observed.
Despite exposure to thermal cycling and prolonged operation, both the clay body and heating elements exhibited resilience and maintained structural integrity. This resilience is crucial for ensuring the stove's longevity and continued performance over time, contributing to its overall value and usability.
[bookmark: _Toc164935180][bookmark: _Toc174429027]4.3 	Energy Efficiency
Efficiency was a key aspect, especially illustrated by boiling a cup of water.
[bookmark: _Toc164935181][bookmark: _Toc174429028]4.3.1	 Boiling Water Test.
The stove’s efficiency was analyzed by boiling 500 ml (1 cup) of water starting at room temperature (approximately 24°C). The specific heat capacity of water c is approximately 4.186 and the formula to calculate the energy required to raise the temperature to 100°C is:

.
Where m is the mass of the water,
c is the specific heat capacity, and  is the change in temperature.
For 500 ml of water (approximately 500 g);







Which is much less compared to the usual electric kettles. This high efficiency is attributable to the insulative properties of the clay, which minimizes heat loss.
[bookmark: _Toc164935182][bookmark: _Toc174429029]

4.4 	Safety Testing
[bookmark: _Toc164935183][bookmark: _Toc174429030]Electrical and surface safeties were thoroughly evaluated.
4.4.1	 Electrical Safety and Surface Temperature.
All insulation resistance, grounding continuity, and dielectric voltage withstand tests were passed. The maximum exterior temperature was 50°C, well below the threshold for safety concerns in touchable surfaces.
Safety testing confirmed the stove's adherence to electrical safety standards and its ability to maintain safe surface temperatures during operation. These findings are essential for ensuring user safety and instilling confidence in the stove's reliability and suitability for household use. The incorporation of robust safety features enhances the overall appeal and marketability of the stove, positioning it as a safe and dependable cooking appliance.








[bookmark: _Toc174429032]

CHAPTER 5
[bookmark: _Toc174429033]5.0	CONCLUSION AND RECOMMENDATIONS.
[bookmark: _Toc173883106][bookmark: _Toc164935197][bookmark: _Toc174429034]This chapter provides a comprehensive summary of the key findings, implications, and recommendations derived from the development and testing of the elementary electric clay stove.
5.1	Summary of Findings	
Throughout the course of this study, extensive testing and evaluation were conducted to assess the performance, durability, energy efficiency, and safety of the stove. The results revealed several notable findings:
· The stove demonstrated consistent heat output, accurate temperature control, and a moderately rapid response time, meeting the demands of typical cooking tasks.
· Both the clay body and heating elements exhibited resilience and maintained structural integrity under thermal cycling and prolonged operation, ensuring the stove's durability and reliability.
· The stove exhibited impressive energy efficiency, with an efficiency rating exceeding 87%, attributable to its effective conversion of electrical energy into heat and the insulative properties of the clay body.
· [bookmark: _Toc173883107][bookmark: _Toc164935198][bookmark: _Toc174429035]Rigorous safety testing confirmed the stove's adherence to electrical safety standards and its ability to maintain safe surface temperatures during operation, ensuring user safety and confidence in its reliability.
5.2 	Implications and Recommendations
The findings of this study have significant implications for the design, development, and future implementation of the elementary electric clay stove:
· The stove holds promise as a competitive and attractive option for household cooking needs, offering reliable performance, durability, energy efficiency, and safety features.
· User feedback and suggestions for refinement, particularly in reducing weight and enhancing user-friendliness, provide valuable insights for future design iterations.
· Continued innovation and refinement, coupled with ongoing market research and adaptation to consumer preferences, will be essential to realizing the stove's full potential and ensuring its success in the market.
[bookmark: _Toc173883108][bookmark: _Toc164935199][bookmark: _Toc174429036]5.3	 Conclusion
In conclusion, the elementary electric clay stove represents a promising advancement in cooking technology, combining traditional craftsmanship with modern engineering principles to deliver a versatile, efficient, and user-friendly cooking appliance. The results of this study affirm its suitability for household use, offering a compelling solution to meet the diverse cooking needs of consumers. Moving forward, further research, development, and refinement will be key to unlocking the stove's full capabilities and maximizing its impact on the culinary landscape.
This chapter concludes the report by summarizing the key findings, implications, and recommendations derived from the development and testing of the elementary electric clay stove. It emphasizes the stove's potential as a competitive and attractive option for household cooking needs, while also highlighting the importance of ongoing innovation and refinement to ensure its continued success in the market.
The results validate the elementary electric clay stove's design goals of efficient, safe, and effective operation. Specific enhancements, like reducing weight are suggested for future iterations.
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