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Gaining access to energy for cooking is, amongst other things, a key challenge faced by refugees and the aid organisations who assist them. 
Refugees are more often dependent on firewood as their main source of cooking fuel. This has negative impacts on health when burning and the environment when collected.
There are several reasons for this, which include, areas where wood is depleted due to over extraction, refugees not being allowed to leave their camp or where the government has banned firewood collection. Therefore, there is an urgent need to find alternative, cheap, cooking fuels.
Solar cooking has been shown to provide clean, fuel free cooking. However, they have limitations, mainly the fact that they only work during sunlight hours.
In order to overcome this, a previous research team have investigated the viability of incorporating Phase Change Materials (PCM) into a cooking vessel.
PCM’s are essentially thermal batteries which absorb energy in the form of heat when changing phases from solid to liquid, provided that the temperature of the environment decreases and the PCM reverts to a solid state, it releases heat. As the PCM’s changes phase, there is a large increase in their heat content.
This content in heat rise is known as the latent heat of the material. 
It is the high latent heat storage capacity of PCM’s that make them desirable for thermal heat storage applications. 
Work to date has shown the use of solar cooking in conjunction with PCM incorporated cooking vessel and thermally insulated box, solar energy can provide useful alternatives to firewood. The proposed alternative in this report will show that it can cook meals typically found in refugee diets and at reasonable cooking times.
The solution will consider social and cultural contexts, as it’s not enough to design a solution based simply on technical criteria; it must be convincing in its usefulness.
The change must be shown to be attractive enough to persuade a change in mindset by people who are used to their own cooking methods.
A program which will show the benefit of improved cooking which in turn will free up time to pursue educational practices such as homework or reading, especially for girls and young woman. Taking into consideration generational and social influences. 
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In 2017, Jaideep Bansal wrote an article for the World Economic Forum of the struggle of a woman living in the Zanskar Valley in the Indian Himalayas, around a five-day trek from the nearest road.
She has a husband and three children. After tending to her farm during the day, and in the evenings, she illuminates her dark home with a kerosene lamp. The family had received a battery and two compact fluorescent lamps a long time ago from the government, but they stopped working.
According to the World Bank, over 1.1 billion people world-wide have no access to any form of electricity, and a billion more with only intermittent access. Relying on outdated and costly technologies that harm their health and hinder social and economic advancement. (Bansal, 2019)
Challenges like this face governments and aid agencies all over the world. With people living in such desolate areas, how do they hope to be provided efficient, clean energy.
Capital-intensive electrification is very costly. Huge investments would be involved in grid infrastructure during construction phase.
With rural populations being so spread, the other difficulty is with the recovery of the investments and expenses by the end user, which ends up being more costly than for people receiving power in cities. 

Energy spending and use lacks transparency, few agencies collect and report on energy use, and where numbers are available, they are usually partial and unverified. Energy costs are rarely transparent in budgets and donors do not know how much is being spent. 
A research paper written on reliefweb, writes about an area of concern which is the energy use of refugees and humanitarian agencies themselves, citing that the data produced by previous MEI (Moving Energy Initiative) research was too patchy to achieve any meaningful projections. Until the standards improve, global estimates will continue to be out of reach. (Graham & Lahn, 2018)
Estimations are that the sector could save at least 37 per cent through behavior change using currently available, affordable and proven practice and technology changes. 
At the time of the paper (Dec 2018), this amounted to over $517 million a year for the humanitarian sector. 
A survey of seven aid agencies in 2017 found the annual spending on diesel and petrol was $6.7 million.  
An article in the Guardian, writes about the head of one of the world’s leading aid agencies issuing a stark warning over an “alarming lack of funding” for humanitarian needs across the world. With a fall of 2.7% in 2018 from 2017. (The Guardian, 2019)
UN and humanitarian organisations work closely every year to launch appeals based on the needs of countries affected by crises. The figure for 2019 is $26bn (£20.7bn) for around 94 million people around the world. At the time the article was written, around $7bn was contributed by donor countries, according to the UN’s financial tracking service. Around $2bn down from halfway through 2018.  
The UK spent £14.5bn to the international aid budget last year, hitting their target of 0.7% spending target, equal to £10 a week for every household. 
Coalition government made a law that stopped foreign aid spending being affected by years of austerity, despite growing anger about how our money is being spent. 
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While there are a lot of cooking methods being promoted to families including Solar cooking and improved biomass cooking methods. There are both advantages and disadvantages to these.
[image: ][image: ]The rise of solar cooking in recent years has been highlighted as a suitable alternative for greener energy supply worldwide due to its reliability on the suns natural resource.
Given the average amount of the sun’s rays that developing countries tend to see is high, around 13 hours in Africa. There is a big advantage to use and store this energy for distribution amongst villages.[bookmark: _Toc25680390]Figure 1

These are some of the many varieties of solar powered cooking available. 
[image: ]Basic concepts involve little more than two cardboard boxes, some paint and reflective material, shown in figure 1. [bookmark: _Toc25680391]Figure 2

This works by capturing the sunlight in the reflection of the lid using aluminum foil, like the greenhouse effect, captures the heat in the box using two cardboard boxes, one inside the other, with insulation in-between, where it traps the hot air. The dark surface of the pot inside, absorbs the heat and slow-cooks the food.
[image: ]The energy made from this method will depend on the clarity of the sun’s rays. To be able to works optimally, it will need to be moved depending on the sun’s position throughout the day.Figure 2a

Quick meals aren’t an option with this method, as it would take a considerable amount of time to heat and cook.
Mid-level systems make use of parabolic or tube systems. (Fig 2 and 2A).Figure 3

They will reflect the rays on to a heating vessel, whether it’s a pot (Fig 2) or a tube which holds a grill inside to cook the food like an oven (Fig 2A).
[image: ]These have the benefit of being able to cook food quicker than the box cooker.
Top level systems would be to collect the energy of the rays and store them in a bank. Enabling it to be distributed out to stove cookers, lighting, and heating sources (Fig 3)Figure 4

[image: ]While these methods are of great benefit ecologically, they can only gather energy during the daytime, and held in an optimal position when there’s little to no cloud coverage.
Improvements on biomass cooking are also being given as an alternative to families.
The Rocket Stove is an invention promoted quite recently as being a more economical cooking source. 
The design of the stove allows the fuel to burn maximally using less material. (Fig 4)
There are many ways of setting up one of these stoves, using different, often simple materials, however the design is the same. (Fig 5). For these reasons, they can be extremely cost-effective.Figure 5

Volatile compounds such as smoke, are released when the wood is burned. The stove is set up with a combustion chamber or ‘burn tunnel’ at the front, allowing the release of heat energy to drive up through an insulated vertical chimney. The sucking of the flames and the resulting heat ‘roar’ is the reason for the name ‘rocket’ stoves.
The open feed tube allows oxygen to be drawn in. As the fire starts, the heat rises in the burn tunnel and into the riser, drawing air behind it, flowing into the feed tube and across the wood. Like an air-blower pointing at a fire.
A brief history of the solar panel 
We have understood the power of harnessing solar energy as far back as the 7th century B.C, when humans used sunlight to light fires with glass magnifiers.
In the 3rd century, the Greeks and Romans used this technology to light their torches. 
These methods became known as ‘burning mirrors’ and became a normalized tool.
Chinese civilization also recorded the same use of these mirrors later in 20 A.D.
The iconic Roman bathhouses were situated on the South-facing side of buildings and built with big widows that directed sunlight into one concentrated area, making a ‘sunroom’. Later, in the 12oo’s A.D., the Pueblo Native American tribe known as the Anasazi camped on the south facing cliffs in order to capture the sun’s warmth during the cold season. 
In 1767, Horace de Saussure (1740-1799) created the first rudimentary solar oven. Using layers of glass covering an insulated pine-wood box, then placing smaller boxes inside with black inner coating. (Turner, 2012) The same principle as the Roman sunrooms. This hot-box or “solar collector”, was used by 1st Baronet, Sir John Herschel (1792-1871), British astronomer, during an expedition to the Cape of Good Hope, South Africa in the 1830’s. 
There is some debate over what was to become the invention of solar panels. 
Famously, a 19-year old French physicist named Alexandre Edmond Becquerel (1820-1891), found that electricity could be generated by placing two metal electrodes into a conducting solution, this was defined as the ‘photovoltaic effect’, influential in developments using the element selenium in solar cells.
In 1873, a British electrical engineer called Willoughby Smith (1828-1891) discovered the potential of selenium in photoconductivity. Later paving the way for Professor of Natural Philosophy at King’s College, London Williams Grylls Adams (1836-1915) and Mr Richard Evans Day to discover that selenium creates electricity when exposed to sunlight.
But it wasn’t until 1883 that Charles Fritts (1850-1903), an American Inventor, created the first working selenium cell and the reason that some accredit him for the first invention. 
Solar cells have obviously improved since then and now use a type of silicon instead of selenium. 
Pure crystalline silicon is in-effective as an electrical conductor as its core material is a semiconductor. Therefore, impurities such as gallium and arsenic were mixed with the silicon atoms to improve the conductivity. Gallium has one electron less than a silicon atom and arsenic has one more. Which means, when arsenic atoms are placed in between silicon atoms, there are extra electrons in the structure, creating an electron-rich layer, and when gallium atoms are used, it produces a poor electron layer. For the solar cell to then work, the layers are positioned next to each other it creates an electric field. So, when the sunlight hits the solar cells, the electrons are stimulated by the energy and leaves behind holes. The electrons then move to the electrodes in the cell and electricity is generated. 
Some credit for this must also go to Albert Einstein. His 1921 Nobel Prize was given in honor “for his services to Theoretical Physics, and especially for his discovery of the law of the photoelectric effect”. His discovery suggested for the first time that light is both a wave and a particle, known as the wave-particle duality of light, and is fundamental to quantum mechanics, influencing the development of electron microscopes and solar cells. 
When designing a solar reflector for cooking, or other things that can work from the sun’s energy, there are two basic concepts to know.
1) If your reflectors are pointing directly at the sun, then the suns rays will arrive straight across the whole reflector, and
2) The angle that a suns ray reflects off the reflector is the same as that which it arrived at.
These are both true for designing either parabola or box reflectors. (Dufresne, 2020)
Parabolic reflectors work from a mathematical concept of parabola. Sir Isaac Newton used one of the first of these concepts when constructing a reflecting telescope.
The working principle of a parabolic mirror has been known since the Greco-Roman times. Mathematician Diocles of Carystus (240BC-180BC) first mentioned these structures in his book “Diocles on Burning Mirrors”, where he proved the focal property of parabolic mirrors. 
As well as being studied in the 10th century by the physicist Ibn Sahl (d.c. 1124). The first contruction of parabolic mirrors were made in 1988, by Heinrich Hertz (1857-1894). A German physicist who correctly proved that James Clark Maxwell’s electromagnetism theory works and that both light and heat are electromagnetic radiations. 

PCM’s
Substances that are used as Phase Change Materials absorb and release energy in the form of heat by, solidifying and liquifying at different temperatures. The difference between these two actions are sensible heat and latent heat.
An example of sensible heat would be of a glass of water sitting in the sun. As the sun’s rays hit the glass, the water increases in energy and the molecules in the water increase in energy.
Latent heat would be if the same glass is now filled with ice cubes. As the sunlight hits the cubes, they will start to heat up sensibly, but they will then start to melt. If the temperature of the cubes is measured during this, it will remain at 0°C until it’s all melted.
Materials that melt to absorb heat are much more efficient than sensible heat energy materials. Therefore, a smaller amount of material is needed to store heat energy using latent rather than sensible heat.
As mentioned above. When the material is in its solid phase, it must be heated sensibly before it will get to its phase transition. It then stops increasing in temperature as it melts. Once all the material has stopped melting, it increases in temperature again. The reverse happens as it solidifies. This is shown in Table 10.a.

[image: ]
(Table 10.a)

PCM’s are ideal for applications where there is a need to store and release thermal energy because they act like a kind of battery. Absorbing heat energy as they melt and then “recharged” by allowing them to cool until crystallised again, releasing the stored energy into the environment again. And they can do it thousands of times without changing their thermal properties.
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Details of Development Design


	
	Points to include:
	Weighting
	Design 1 score
	Design 2 score
	Design 3 score

	
	
	
	
	
	

	1
	Product must be able to cook a meal using solar cooking
	10
	10
	10
	10

	2
	The design will be plain to suit any geographical location. 
	6
	6
	5
	6

	3
	It must be able to be diss-assembled when not in use or when in transport.
	8
	7
	7
	8

	4
	The material used with this product will be made from recyclable material where possible. Hardwearing to suit different terrain and wear and tear.
	10
	9
	8
	9

	5
	Design requirements to be used safely by adults.
	10
	9
	8
	10

	6
	Able to display the make/model number/part number for replacement parts.
	8
	8
	6
	7

	7
	Easy manufacturing processes to inable effective production and repair if needed.
	8
	7
	6
	8

	8
	Finish needs to be conductive to the solar energy.
	10
	10
	8
	10

	9
	The finish will need to be non-corrosive and easy to identify any defects such as tears and holes.
	10
	9
	9
	10

	10
	Design must be able to be batch produced to keep traceability.
	6
	5
	4
	6

	11
	Heat safety for users 
	8
	6
	8
	8

	12
	All lifting and moving capabilities must conform to safe lifting procedures. Not exceeding 20kg.
	8
	8
	8
	8

	13
	Dimensions must be kept within a reasonable range, reducing the risk of muscular-skeletal injury.
	8
	8
	8
	8

	14
	Parts to be readily available from recycelable materials. Minimal cost restraints.
	8
	6
	7
	6

	15
	Maximium lifespan capabilities (5+ years)
	8
	8
	5
	8

	16
	Recyclable parts to create and repair.
	8
	7
	8
	8

	
	
	
	
	
	

	
	Average
	8.4
	7.8
	7.2
	8.1









Design 1
· Similar to a folding umbrella design.
· Collapsible to enable transporting and space saving.
· Frame made from standard grade Aluminium
· Pull-cord will allow simple erect and collapse actions with a roller stop to hold in place and a release press-and-hold button.
 
Score: 7.8/8.4
Design 2
· Semi-circle design
· Collapsible to fit into a carrycase.
· Corners are pulled closer together, creating a cone shape. Allowing a high concentration of solar rays to the center.
· Recyclable material such as re-usable tent frames, bases and carry-cases can be used to create the parabola base and frames to hold the shape.

Score: 7.2/8.4
Design 3
· Highest scoring design idea.
· Inverted pyramid shape panels
· 2-part cooking system – one to use as an PCM filled oven/slow-cooker, the other to use as a grill.
· Panels are completely collapsible allowing easy transport and space saving when not in use.
· A panel drops to allow safe access to the cooking utilities.

Score: 8.1/8.4
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The reason for design 3 being chosen is primarily the ergonomics and simplicity of the design.
One of the importance’s of the specs was to be safe and easy to handle and cook with. This incorporates a flat-pack design and simple, exchangeable box and grill components.
Using the research information and the specifications given by the Engineers without Borders brief, it is clear, the design needs to be low cost to be affordable to government budgets and charity organisations. 
With this in mind, the materials used in my design have been chosen to be as cost effective as possible in order to pique the interest of the parties aimed at to invest in this much needed project development.
Using as much recyclable material as possible will ensure an improvement in the local as well as international effort to cut down on land-fill waste, benefiting the countries status locally as well as internationally.
Comparing my design to the current market, there aren’t any that have the capability of using an interchangeable oven-box and griddle component.
PANEL PRODUCTION FLOW CHART 

The oven-box will have the phase change material packed in between the inside and outside layers. This will allow the heat to be absorbed when the box is in use and dispersed during the evening to allow the food to stay warm during these times. 
PCM’s are available to be delivered throughout the world. The boxes are made from recycled paper and can be bought flat packed. Delivery will be made in batches and will need two sizes per design. One to fit inside the other to allow for the PCM and insulation material in between the two.
An iron griddle will also be supplied with the whole kit. 
OVEN BOX PRODUCTION FLOW-CHART

Costing
	Costing
	£ (per unit)

	
	

	Flat-Pack Boxes (pck 10)
	2.500

	Insulation material 
	2.5000

	PCM
	20.00

	Mirrored Stainless Steel
	100.00

	Aluminium 'U' frame strip - 5 M
	20.00

	Total
	145
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The importance of the Quality and Quality Assurance of manufactured products has increased in the past 20 years. It is an important part of a business process, used to monitor and evaluate the performance and standard of a product or service. It is a function of confirming that the products requirement will be met.
Quality assurance is part of the larger discipline of a company’s Quality Management System (QMS). This will involve many steps and processes in planning, completing and maintaining activities to confirm that a company and its products quality requirements will be met.
A company and its products can build a reliable reputation for high levels of consistent quality to its customers. Building trust and confidence in the company and helps it compete with others in the market. 
ISO9001:2015 is the current quality standard in which quality assurance is held under.
This standard shows that the organization is customer-focused and understands the commitment to delivering consistently high-quality products. It is a globally recognized standard which helps increase efficiency and continual improvement.
Ensuring a solid QA system will also reduce default products making its way to customers and causing issues further down the production line. This will have implications on manufacturing costs (time, materials) and customer confidence.
ISO standards are kept up-to-date and relevant by internal audits, usually conducted by an individual or team, depending on the size of the company. The company is then externally audited to verify that they have achieved the standards set out by ISO9001:2015.
Flow chart 15.1 shows the intended QA process to keep the product at its highest quality through to completion.
At production and managerial level, using a flow chart is a tool that allows everyone to know the at which stage the product is put through a quality check.
As part of the QMS it will show that there is a system in place to track and identify quality issues. There will also be a requirement to show that any internal and external issues are recorded, followed up and a system put in place to stop the issue repeating itself.
These issues can be recorded on an incident report form, which can be completed by either the operator or shift/line supervisor. This can be logged and followed up between the department manager and QA department to allow for any investigations to be discussed.
 

FLOW CHART 15.1
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This design is a very simple design. In order to fulfil as many aspects of the brief set out by the EWB entirely. 
Improvements on the design can be made to this. 
PCM filled copper coils, connected between the reflectors and the oven-box, will allow the reflections of the sun to create cooking heat during the day and the change in phases heating the box during the evenings and nights. 
However, this addition will bring some disadvantages. Due to the increased complexity of the build, it would need to be made into a permanent fixture, attached to living accommodations. Also, the cost will increase due to the addition of parts such as the copper coil, extra insulation, pressure and vacuum seal valves, reflector plates, manufacturing and the increase in overall dimensions of the reflectors. 
However, if the brief is to be completely accomplished, these things will need to be put in place. 
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Aluminium frame preperation


Operator collects 12 pieces of aluminium 'U' channel frames 


Mirrored Stainless Steel 


Panel Construction


Using silicone. Fix the panels together by inserting steel hinged rods to the corners of one edge of each panels.


Dimension and damage check. 


Damage and dimension check


Using silicone, attach 4 pieces of mirrored stainless steel to the Aluminium frame as per drawing  001/PER98002326.


Any dicrepencies to be shown to line leader.


Order received


Sales order is processed and given an order number


Order is handed down to the production department and organised into the production calendar


Order is given to the production line at the appropriate time to start the batch production.


Product Testing


Ensuring the panels collapse and re-open as they should.


Fix each panel together as per drawing.














Flat Pack Box Assembly


Operator collects a piece of a small and large piece of flat pack box  


PCM packing 


Conduct dimension and damage checks on both boxes. 


Any dicrepencies to be shown to line leader.


Order received


Sales order is processed and given an order number


Order is handed down to the production department and organised into the production calendar


Order is given to the production line at the appropriate time to start the batch production.


Product Testing


Ensuring the box is sealed by checking for any gaps between the lid and sides.


Insert small box into the bigger box


Insulation packing between the two boxes


Fill gap with PCM











Goods delivery


Manufacturing


Screening


Testing & Visual Inspection


Finished Product Quality Confirmation


Storage


Shipment


Customers


Raw Materials Quality Conformance


Checked against supplier secs


Checks against damage in transit, size, material look and shape.


Manufaturing process of the goods in production line form. 


1 in 10 screening.


Inspection check at each step by operators.


1 in 10 product Quality test conducted and signed off by QA dept. 


Minimal storage of goods using just-in-time methods.


Shipment of goods on receipt of delivery note.


Receipt of goods to the end user.




















Solar Project Radar Diagram

Design 1 score	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	10	6	7	9	9	8	7	10	9	5	6	8	8	6	8	7	Design 2 score	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	10	5	7	8	8	6	6	8	9	4	8	8	8	7	5	8	Design 3 score	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	10	6	8	9	10	7	8	10	10	6	8	8	8	6	8	8	



Page 20
image3.png




image4.png




image5.png




image6.png
very hot

smoke-free air
~a
(I}
[
sticks 11
/ 1 HEAT
1 RISER
1
FEED, 1

INSULATION

LAYER
Am toscale)

BURN
TUNNEL




image7.jpeg




image8.png
Sensible Sensible  Sensible L Sensible

Internal
temperature

Liquid  Sensible

=
Heating Cooling




image1.jpeg




image2.jpeg




