Dear Reverend Teh,

The past six months we have been working hard on producing an advice for the school in Jinkfuin. The following pages contain the information we have collected. The first page is a summary of this information. In the pages after that, our advice will be explained. In you remain with unanswered questions, please contact us. We hope we have contributed to the development of the school. Good luck with this and future endeavours. 
Kind regards,

Sanne Bootsma, Meghan Buurmans, Joris Hahn, Yvonne Hendriks and Zaher Mierzaie
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Summary of the advice

Building Materials + Sedum Roof:
The most suitable material for the building of the walls would be mud bricks. These mud bricks have the advantage of being cheap to make, the villagers know how to make them themselves and a mud brick is a good thermal mass. This means that it is a nice isolation material and it is good at keeping temperatures at a constant level. We advise to add straw to the bricks, to make them stronger and to prevent cracks from developing. For the roof, we think a sedum roof is the perfect roof for the local conditions. It has good sound isolation, good warmth/cold isolation, it is very sustainable (resistant to UV- radiation) and it looks very good. The downside of this roof is that it is heavy. It weighs 90- 125 kg/ m². 

The costs per m² are approximately $80. With the current design that would mean a total cost of about $40.000. If we were to use this roof, the walls need to be able to carry a lot of weight. Therefore, the carrying capacity of the walls needs to be enhanced with the use of a structure consisting of columns. The columns can carry the extra weight of the sedum roof. 

Energy system
There are several forms of sustainable energy that the school could use. We did research on solar energy, heat energy using a Stirling motor and wind energy. Advantages of these systems are that they are environment-friendly and self-sufficient so that the school isn’t dependent. The price of electricity in Cameroon is $0,14 per kWh.

Stirling motor: A system using the difference between heat and cold could be an option, but because there are currently no suitable systems on the market this would not be the best option.

Wind energy: A system using the kinetic energy of the wind is a good option. The average wind speed is 5 m/s, which would mean a price of $0,12 per kWh. The system does require some maintenance, but with enough knowledge this would be the cheapest system.

Solar energy: A system using solar panels that consist of silicium is also a very good option. Whereas at the place of the school there is an average of 4.35 full sun hours per day, the price per kWh would be $0,14 per kWh, just like the regular price for electricity. 

Conclusion: Both wind and solar energy are a very good option for a self-sufficient and sustainable energy system. The disadvantage is that both require a big investment at the beginning, and for both some knowledge about electric circuits is demanded.

Design
The best shape for the building would be a u-shaped building. That way a lot of windows could be placed, reducing electricity costs. In this design, all the classrooms are accessible through one big playground. 

Finances

We have found two major organizations that try to help financially with the use of solar energy. The Solar Electric Light Fund trains the local villagers to install, maintain and replicate their solar systems. Each project depends on the needs and leadership of the community. FRES sets up electricity companies that generate clean electricity from solar power. Currently, FRES manages four companies: two in Mali, one in Burkina Faso and one in South Africa. Besides this, the best way for Jinkfuin is to produce and buy things locally, like making the mud bricks themselves. This way, they’ll have new jobs, less costs and they’ll know how to fix broken things. 

Chapter 1: Building materials and techniques
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Foundation (walls)
We have thought a lot about the building materials that are best for the building of the school. Eventually, we came with the conclusion that we are going to use mud and clay. The problem with the use of clay is that the usability is largely depended on the quality of the soil you use. Since most other buildings in the area of the school are built out of clay, we know that the quality of clay is good in Jinkfuin. 
 
Clay as a building material has many advantages. First of all, the locals know how to use it. This means that they can start building themselves, without having to hire expensive experts to do it for them. The entire village can help with the building and extra hands are always useful. On top of that, clay is an effective material. Clay, even more than soil, is what they call a good thermal mass. This means that it is very good at keeping temperatures at one, constant level. Cameroon is a very warm country, so the temperatures inside the school need to be cooler, but at the same time, temperatures at night can get low. What we need to do is to keep the temperature at a more or less constant level, a pleasant level, which is never too hot or too cold. Clay is very effective when it comes to this. Houses and other buildings that are built with the use of soil/clay have cooler temperatures in the summer and warmer temperatures in the winter. In fact, it is a natural isolation material. A very big plus is that the mud is available in Jinkfuin itself. They do not need to transport it from far away to their building site, which means they will save money on transportation costs. Together with the fact that locals can build the school with mud themselves, it means that the method is both effective and cheap. Also, research shows that buildings made of mud can last for a very long time. Some of them have been habitable for many, even hundreds of years. 
 
Why exactly is it that makes mud/clay so effective? Clay walls serve as thermal mass. It means that the earthen walls change temperature very slowly. The walls will absorb heat in the daytime (when it is a lot hotter) and will release the heat in the night-time (when it is a lot more cool). It also works the other way around. They walls absorb the coolness of the night and release this during the day. This means comfortable temperatures the entire day. There are several ways to create this thermal mass. One of them is to use earth sheltering. This is outer thermal mass and comes down to houses being built inside or against earthen shelters, such as large rocks, caves or hills. This is a very sustainable way of architecture and it would be even better if we could combine this together with the use of clay, so it will provide an inner and outer thermal mass. The problem is that Jinkfuin doesn’t know sites like this and the building site for the school has already been chosen and prepped. It would take a lot of manpower and money to create an earth sheltering yourself and it wouldn’t be effective enough in Jinkfuin.
 

Making mud bricks
A building method of which we think would be effective is the use of rammed earth. Rammed earth, which is also called ‘pisé de terre’, is a very old building technique, but also a very effective one. In the last years it has become more and more popular, because it is a very sustainable and natural way of building. It is used in areas where they do not have a lot of wood, which is the case with Jinkfuin, where wood is fairly scarce. In short, the method works as following: a damp mixture of earth is compressed in an external frame. The frame is used as a mould, thus the earth is pressed into the exact form the construction needs to be. A solid wall of earth is created. You need a good quality of earth. You can use stabilizers to make sure that the earth is of good quality. A suitable stabilizer would be cement, though in older times they used animal blood. After the earth is compressed, the wall frames can be moved immediately. Within a few days of warm temperatures, the earth has dried and becomes hard, so the building is inhabitable. A big plus is that the construction becomes stronger and stronger with time, instead of falling apart. When the entire process is complete (which normally in total takes a few years) the construction is so stable, that it is just as strong as a solid rock.
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Rammed Earth

 The locals are not familiar with this building technique, which is a downside. The project leader, Reverend Teh, has said that by using sun dried bricks (clay), they will have a lot of community support. Parents of pupils can help mould the bricks as well as well-wishers and village support for bricklayers and carpenters. He also says that is a very cheap way, which is true. We will inform them about using the technique Rammed Earth, so they can think about it and see if it is possible to use it. Otherwise, they can use the original way, which is to make bricks out of mud and is also a good way of doing it.
 
But how exactly are mud bricks made? Mud bricks are made with the use of earth and water. First, you need to make a good and solid mixture of earth and water, so that it becomes a mud of good quality. You need to press this mixture into a mould, so it is shaped the exact way you want it. Dry it for a short while, then remove the mould and dry it further, preferably not in direct sun, but still at a warm temperature. When it’s hard and dry enough, you can use them!
 
Mud bricks are known to be strong. They are often even resistant to a heavy earthquake.  However, the strength largely depends on the quality and mud bricks know a few weaknesses. Mud bricks are strong when it comes to walls, because here, the forces put on the bricks are compressive. They press into the brick. However, when tension is forced on one edge, they bend and break easily. You can make the bricks stronger by using additives. One of the best materials to add in order to improve the mud brick is straw. A simple piece of straw inside the mud brick makes it a lot stronger. This is because straw has a lot of strength when it stretches, but is weak when you crumple it. So if you put a view pieces of straw in a still wet mud brick and then let it dry and become hard, the actual mud brick will be stronger and will be able to resist tearing and squeezing forces. This way, the building material becomes even better to use. The resulting mud brick has what they like to call a good ‘compressive strength’ (=the maximum stress a material can take when subjected to a pushing load) and also a good ‘tensile strength (=the maximum stress a material can take when subjected to a stretching load). Another advantage of using fibres such as straw is that they reduce the chance of cracks in the mud bricks and prevent cracks from growing larger and thus cracking the entire material. Therefore, we would advise Reverend Teh to, when and if possible, use straw when making the mud bricks.

Roof
There is a possibility that the school is going to use solar panels as their source of energy. When thinking about a roof, we need to keep this in mind. The solar panels work best when applied to the roof. The best conditions for this would be if there is a flat roof. A flat roof means that the solar panels can easily be set up onto the roof, where they would obtain the most energy from the sun. The roof is probably going to be made with simple wooden planks, as this is the best, easiest and cheapest way of making the roof. It doesn’t have to be a very strong and solid roof, but it does need to be good enough to not let the rain go through. Also, when you want to isolate the building, you do need to have a good roof, which will not undo the effect mud brick walls have. In another chapter, we will discuss the possibility of creating a sedum roof. When you have this sedum roof, you do need to keep in mind that the walls are under a lot more pressure! A sedum roof is so heavy, that you need to make the walls stronger, so they can carry the extra weight of the roof. This can be done by using wooden beams in the construction. The wooden beams carry the extra weight that the mud bricks cannot carry. 

Windows
While working on this project, it is important that we keep thinking realistic. For the school to have double-glassed high-tech windows is not being realistic. When we look at examples from other similar buildings in the area, the most common way a window is shaped, is with the help of wooden planks. They leave holes when building the walls and then make these stronger with wooden planks. The wooden planks also function to open or close the window. The windows will never be airtight, but at least they will allow some light through, which is very useful, because more light from the sun means less artificial light from an energy source is needed, which again means lower costs.

Foundation
We have sent Reverend Teh Francis an email in which we asked him how the foundation under the buildings in Jinkfuin was constructed. According to Reverend Teh Francis the place for constructing the buildings is lowland. It tapers just about 20 centimetres at the south end. A cement mortar is needed for the foundation of the school building. A cement mortar consists out of sand, cement and stones. They first put a beam around the foundation before they start raising the structure.

Other options
So far, the project leader, Reverend Teh, and his team have built two semi-permanent buildings. They want to add about four more. We all support this plan and all want to provide for the best for these underprivileged children who deserve a chance to go to school. However, the building of these school buildings cost a lot of time and money. A solution, which isn’t perfect, but is worth to consider, is to use buildings in the area which are already built. Through someone who has visited Jinkfuin, we’ve heard about the existence of empty buildings. These buildings are already there, but aren’t being used at all. It might be an option to use these for the school. This way, a lot of money, effort, building materials and time can be saved. It is a quick and easy solution. However, these buildings probably don’t meet the general expectations. They want to provide a bigger, more modern school with access to an energy system and classrooms with computers. So we really need to weigh our options here and decide what is more important. Of course they want to build a new school, but we will present the idea of using these buildings which are already there.


Sources

http://en.wikipedia.org/wiki/Mudbrick
www.beifacig.webs.com
http://www.joostdevree.nl/index.shtml
http://users.tpg.com.au/adsl7o8k/mrmud/mudbrick.htm
http://en.wikipedia.org/wiki/Earth_sheltering
http://www.youtube.com/watch?v=ujoq_VY5AxM
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2G-4DB556F-1&_user=499885&_coverDate=05%2F01%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1185844856&_rerunOrigin=google&_acct=C000024500&_version=1&_urlVersion=0&_userid=499885&md5=06c82434e93a89bfe61a03dd3248c7bb
http://en.wikipedia.org/wiki/Rammed_earth
http://www.greenhomebuilding.com/weblog/2007/02/strawcement-blocks.htm
http://www.ecodesign.co.nz/mudBrickCob&Stabilisers.shtml
http://www.design-technology.org/comp2.htm


Chapter 2: Sedum roof 
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A sedum roof seems to be the perfect roof for the local conditions. Sedum is a plant that can deal really well with drought for a long time, because it can contain water for a long time in its thick leaves. 
The main advantages of a sedum roof:

· Good sound isolation 

· Good warmth/cold isolation

· Very sustainable

· Less water transport needed

· Looks very good

Disadvantage:

· Heavy

· Can cost a lot of money

As can be seen from above, this roof has many advantages which can be exploited in the local situation of Jinkfuin. When it is warm outside, the room underneath is isolated well and therefore is cooler. When it's cold outside, the indoor temperature is higher than outside. This way, the indoor temperature is leveled. Also, one of this roof's biggest advantages is that is is not affected by UV- radiation. Therefore it is way more sustainable than any other roof material. 

Another advantage is that the plants on the roof contain rainwater. They do not need to be sprinkled. 

This means that little maintenance is needed. The only maintenance is that the gutter needs to be checked yearly. 

The biggest disadvantage is that this roof-construction is heavy. This means that the walls need to be strong enough to hold the weight of the roof. The weight that needs to be carried is somewhere between 90- 125 kg/ m². 

Costs:

The costs per m² are somewhere between €60,- and €85,-. However, Crassulaceae ( other name for Sedum) grows a lot in southern Africa, so it might be a bit cheaper when it is locally gained. 

Installation:

To learn more about how a sedum green roof is installed, the Fixing guide is added. This can also be downloaded at: http://www.safeguardeurope.com/pdf_datasheets/flat_green_roof_guide.pdf
Chapter 3: Solar energy

Solar panels in general

A solar panel is made up of a number of solar cells. The solar cells that are nowadays available consist of two layers of silicon, a chemical element. To make these layers the silicon is heated to extreme temperatures and other chemicals, mostly boron and phosphorous, are added to the silicon. The addition of these chemicals makes the silicon atoms unstable. Sunlight consists of photons, these are packages of energy. When these photons hit a solar panel they are absorbed into the solar cells. The photons knock some of the silicon’s electrons loose. This way one of the layers becomes positively charged and the other becomes negatively charged. The flow of electrons that is caused by this can be forced to flow along wires. This flow is electricity. So when a light bulb is connected to these wires, it will glow.

Place and position
The amount of electricity a solar cell produces depends on several factors. For example how long the solar cell is exposed, how bright the sun is and how large the solar cell is. A panel near the equator will be more effective than one in an arctic region, because the sunlight there is more intense. Also, the days are longer, so the panels are exposed to light for a longer period of time. Solar panels also work when the sun is not shining. Only part of the sunlight is absorbed by the clouds, so some sunlight still reaches the panels. 

It is not true that the panels give more electricity when they get warmer. They work ideally at a temperature of 25°C. Above that, the output of electricity will be less. Therefore it is 
important to keep the solar panels cool. To do this it is important that wind cannot only flow along the panels, but also underneath this. The panels are most effective when directed towards the south, with an angle of inclination of 36 degrees. To achieve this, they can be placed on a module on a flat roof (see image below). This way the wind can also pass along them to keep the panels cool. If the panels are in the shade, they will produce less electricity. A location without high buildings or trees is best.
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The electricity system

Because the power of the sun varies per day and per hour it is impossible to connect the solar cells directly to the machines that are going to need the electricity. Then the machines would only work when the panels are exposed to light. A storage battery is needed for this. In a storage battery the electricity that is generated can be stored. For some appliances a converter is needed. 

Not all the energy of the sun can be converted into electricity. The common solar cells have an efficiency of 6-16%. The amount of energy a solar panel can supply is measured in kilowatt-hour (kWh). This means the electricity in kilowatt that is supplied during one hour. On solar panels, a peak capacity is mentioned. This is the maximum amount of kWh the panel can produce.

To calculate the actual amount of kWh, you have to use the following formula:

Yield per day (in Wh) = peak capacity * hours of full sun * yield factor

One hour of full sun means that the sun gives an average energy of 1000 W/m² during one hour. The yield factor is a number between 0 and 1. It indicates how much energy can be actually used in practice. For example, converters and storage batteries lose some energy while converting or storing. In an independent energy system with solar panels this factor is approximately 0,75. 

Sustainability of solar panels

During the collection of solar energy, no gases are produced. Solar energy is therefore a climate neutral source of energy. It does not pollute the environment. Solar energy also comes from an inexhaustible source: the sun. Therefore it is, unlike for example fossil fuels, a sustainable source of energy. The average life of a solar panel is 25 years. When they do not work anymore, they can be recycled in an environment friendly way. 

Costs and suitability

For the school in Jinkfuin, solar panels can be very profitable. The average full sunlight hours in Cameroon range between 2.8 hours per day in July and 5.9 hours per day in December.

With the help of a storage battery, an independent energy system can be created.

So we calculated that the school will use approximately 4844 kWh per year. There is an average of 4.35 full sun hours per day. Using the formula that is described above, the solar system should have a peak capacity of 4,187,000/365/0.75/4.35 = 3516 Wp. 

Such systems, including a storage battery, cost on the average $16,000 (7223904 CFA Francs). With the knowledge that a solar system lasts 25 years, this would mean a price of 16000/25/4187 = $0,15 per kWh. 

When looking at the costs, the voltage the supplies use should be taken into consideration. In Cameroon, just as in Europe, the standard is 220 voltage. But in America, this standard is 110 voltage. 

Sources

http://en.wikipedia.org/wiki/Solar_cell 

http://www.milieucentraal.nl/pagina.aspx?onderwerp=Zonnepanelen http://www.siderea.nl/zonne-energie/faq/faq.html#Is_er_een_verband_tussen_het_ve http://www.solarpanelarticles.com/Article/solar-panel-articles----Understanding-Solar-Energy-/359 

http://www.metdezon.nl/index.php?pageID=9 

http://www.partsonsale.com/cabins2intermediatetemp.html 

Students of the Delft University

Chapter 4: Stirling engine
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Working of the engine

Another form of sustainable energy is energy generated by a Stirling engine. This engine works on the difference between warm and cold. When a gas gets warmer, it expands. When it gets colder, it shrinks. 

The most basic Stirling engine consists of a displacer (yellow in the drawing) and a piston (green in the drawing). The displacer is located in a closed space filled with a gas. The displacer and the power piston are connected.

The process begins at the top of the illustration. The first step is heating. The gas in the engine is heated by for example sunlight. Because the gas gets hotter, it expands. The pressure in the engine increases. This causes first the displacer and then the power piston to rise. This is what you see on the right. When the gas comes to the upper side of the engine, it is cooled down. This side could for example be placed deep in the ground. The pressure decreases, and the power piston is going down. Because the power piston is connected to the displacer, the displacer goes down too. Because of the large surface of the displacer, with the displacer all the air in the engine is pushed down. The air comes to the hot side again and so the process starts from the beginning. The movement of the power piston causes a revolution. This movement could be transferred into energy for the school.
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Combination with solar panels

The heating of the engine can be done by sunlight. Solar panels can collect and focus the solar energy into a power conversion unit. This power conversion unit is coupled with and powered by the Stirling engine that generates electricity for a household or building. An example of such a construction is the SunCatcher. The combination of solar panels and Stirling motor is much more efficient than just solar panels.
Costs and suitability

It is very difficult to say what an energy system using a Stirling engine will cost. There are currently no systems for households or small buildings available on the internet. The smallest systems available cost approximately $40,800 (19,678,710 CFA Franc) and produce more than 20,000 kWh per year. There are also very small Stirling engines available, but they won’t produce more than 100 kWh per year. 

The advantage of a Stirling engine is that it is a sustainable form of energy. If the difference between hot and cold is big enough, the engine will run on its own, without need of polluting energy sources. Also, the engine is very quiet and the efficiency is high. In Jinkfuin there is enough sunlight and enough space to place a solar Stirling engine.

The disadvantage is the big difference between hot and cold that is needed. It is difficult to say whether it is cold enough underground to cool the Stirling engine in a proper way. 

Also, the Stirling engine is so far not a common system to provide electricity for a whole household or building. The school would use approximately 4000 kWh per year, and there are just no systems available that produce that amount of wattage. An option would be to build a system yourself, but this would require very skilled people. 

Sources

http://ffden-2.phys.uaf.edu/212.web.stuff/Lichtenberger%20and%20Jenson/Collin%20Lich%20&%20Eric%20Jense%20Folder/how.html
Chapter 5: Wind energy
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Working of the turbine

The blades of a wind turbine are designed to capture the kinetic energy in the wind. The wind pushes the blades forward, creating a rotation. This rotation can be generated into electricity.

The environment

Looking at the environment, using wind energy makes a positive contribution. Wind turbines produce no pollution and by using wind power you will be offsetting pollution that would have been generated by your electricity company. Over its life, a small residential wind turbine can offset approximately 1.2 tons of air pollutants and 200 tons of greenhouse gases.

Calculating Wind Energy power

There is a simple formula to calculate the power in watts that is gained from using wind energy: P = 0.5 x rho x A x Cp x V3 x Ng x Nb 

where:
P = power in watts (746 watts = 1 hp) (1,000 watts = 1 kilowatt)
rho = air density (about 1.225 kg/m3 at sea level, less higher up)
A = rotor swept area, exposed to the wind (m2)
Cp = Coefficient of performance (.59 {Betz limit} is the maximum theoretically possible, .35 for a good design) 
V = wind speed in meters/sec (20 mph = 9 m/s)
Ng = generator efficiency (50% for car alternator, 80% or possibly more for a permanent magnet generator or grid-connected induction generator)
Nb = gearbox/bearings efficiency (depends, could be as high as 95% if good)

What type of wind turbine do we need? 
Small wind turbines used in residential applications typically range in size from 400 watts to 20 kilowatts, depending on the amount of electricity you want to generate. 

Wind turbine manufacturers can help you size your system based on your electricity needs and the specifics of local wind patterns. A manufacturer can provide you with the estimated annual energy output of a turbine as a function of annual average wind speed. The manufacturer can also provide information on the maximum wind speed at which the turbine is designed to operate safely. Most turbines have automatic overspeed-governing systems to keep the rotor from spinning out of control in very high winds. 

The height of a wind turbines tower also affects how much electricity the turbine will generate. A manufacturer should help you determine the tower height you will need.

The economics behind a wind-turbine

 The affectivity of a wind-turbine depends on two main factors: the wind speed and the electricity used. Also we should take into consideration the average purchase price of electricity. Therefore we can say as a general rule: a turbine owner should have at least a 10 mph (4,5 meters/sec) average wind speed and be paying at least 10 cents/kWh for electricity. 

As we can see in the figure below, the average wind speed of Cameroon lies around 5m/s. That is only just above the minimum. 

The average price for electricity in Cameroon, converted to US dollars is 14 cents/ kWh. That is also higher than the requirement so in that perspective it is profitable to use wind energy. 


Prices of small wind turbines range from $6000 to $22000, depending upon size, application and service agreements with the manufacturer. They have a life expectancy of approximately 20 years.
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NASA- Global wind speed

Costs and suitability for Jinkfuin

Wind energy can be a very profitable energy source for the school in Jinkfuin. When assuming that there is an average wind speed of 5 meters/second, a wind turbine with a capacity of approximately 1.5-2 kW is demanded. This system will cost, with a storage battery and an inverter, approximately $10,000. With the knowledge that a wind turbine lasts 20 years, one kWh will cost 10,000/20/4187 = $0,12. 

Because wind is even less reliable than sunlight, a very complex system using a storage battery will have to be build. Also, a wind energy system requires some maintenance over the years.

Sources

http://www.daviddarling.info/encyclopedia/S/AE_small_wind_turbine_sizing.html
Chapter 6: Energy consumption


To see which energy system is most efficient and to calculate the cost, the energy consumption should be calculated first. In this calculation we included four computers, twenty-four fluorescent lamps (four per classroom, four in the computer room, two in the office and two in the teacher’s room), one printer, one copy machine and one scanner. Maybe not all of the devices will be available immediately, but it is good to create an energy system that produces enough energy on the long term.

In Cameroon, sunrise is between 06:00 and 06:30; sunset is between 18:00 and 18:30. If there are enough windows in the building, there is no need for fluorescent lamps during the day. Only in the evening, the lamps are needed. This would come to approximately 5 hours a day.

	Device
	Wattage
	Amount
	Hours/day
	Days/year
	 Total kWh/year 

	Computer
	160
	4
	8
	365
	1869

	Fluorescent lamp
	35
	24
	5
	365
	1533

	Printer
	400
	1
	1
	365
	146

	Photo copy machine
	750
	1
	1
	365
	274

	Stand-by photo copy machine
	120
	1
	5
	365
	219

	Scanner
	250
	1
	1
	365
	91

	Stand-by scanner
	30
	1
	5
	365
	55

	
	
	
	
	
	

	
	
	
	
	Total
	4187


The table above shows the amount of kWh used per device per year. Remember that this is an estimation; the Wattage can differ per product. 

Sources

http://energyaudit-sdge.sempra.com/library/computers.asp 

http://www.infomil.nl/organisatie/milieumaatregelen/maatregelen-per/maatregelen/inkoop/@90336/aandachtspunten/ 

Chapter 7: Design of the school

There are several options for a design for the school. What is demanded are four classrooms, a computer room/library, a teacher’s room, an office and toilets. 

Square building

What can be an option is a square building, where there is one big hall which connects all the classrooms.

The advantage of this building is that you can reach every room when you are in the school hall. This way you don’t have to go outside when you want to, for example, go from a classroom to the toilets. Also, the roof is easier to build because it is square. 

The disadvantage of this building is that there are fewer windows than when the building is differently shaped. For example the computer room is poorly lit, so lights will need to be switched on more frequently. In Europe this type of building is the most common type, but here the lights are on all day in the schools. 
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Square building

U-shaped building

Another option is a u-shaped building. In this building all the rooms are situated around a playground. In this design there is no common hall, so if all the students of the whole school need to gather, it will have to happen outside. There is a big playground on which the classes can meet. 

The advantage of this type of building is that there are a lot of windows. This way the classrooms are lighted by the sunlight during a long period of the day. This saves electricity costs. A possible additional classroom could be easily built against the teacher’s room or the office.
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U-shaped building
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3D view

All of these designs are just examples to give an idea of what is possible. The designs are made with a Dutch program, so the furniture looks very modern. The furniture in the drawings just serves to show what the room is for. Therefore not all the rooms are furnished. The two already existing classrooms can be connected to these buildings. Also, the new building could be started from already existing, uninhabited buildings in the neighbourhood. 

No matter what the shape of the building will be, we recommend flat roofs. These demand less building material, and the solar panels could possibly be installed on the roof. 
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The two classrooms that are already there
   Inside a classroom

Chapter 8: Finances
We aren’t supposed to really take care of the money issues (to finance the project), but we did do some research on how to get money and materials. The best way for Jinkfuin is to produce and build locally. If the locals build their own school, they will know how it works and how to repair it. Also, it won’t cost them a lot of money and it provides a job for them. We tried to choose building materials and energy systems that aren’t too expensive, but not everything can be done in the village. Here are some options for help with financing the costs and the advantages and disadvantages of these.

The government of Cameroon

The government of Cameroon is a logical sponsor, especially for a school project, but won’t really help. They don’t focus on the rural areas and don’t have a lot of money available. The rules of the government should be followed, but the government isn’t really a factor to consider when it comes to finances.

FRES

According to FRES, 1.6 billion people worldwide do not have access to electricity. FRES is a non-profit foundation, founded by the Dutch electricity company Nuon in 2004. FRES provides clean energy to families that reside in the rural areas of developing nations. The foundation does this by setting up electricity companies that generate clean electricity from solar power. Currently, FRES manages four companies: two in Mali, one in Burkina Faso and one in South Africa. Foundation Rural Energy Services offers a commercial and sustainable solution and already provides 14,000 households in rural Africa with clean electricity derived from solar energy. FRES aims to establish new companies and to expand current companies. These would provide approximately 100.000 households and small scale companies with electricity in a professional, sustainable, environmentally safe and most of all healthy manner before 2015. We have tried to contact FRES, in order to tell them about Goodness and Mercy Missions’ initiative of building a self-sufficient school in Jinkfuin. This was our mail:


Dear Sir/Madam

 

Goodness and Mercy Missions plans to build a school

for underprivileged children/orphans in a village in Cameroon (Jinkfuin).

The school has to be self-sufficient.

Is it possible for FRES to establish a new company in Jinkfuin,

in order for the school to have access to sustainable energy?

 

We look forward to hearing from you soon,

Joris, Meghan, Sanne, Yvonne and Zaher

FRES has answered with:

Dear Joris, Meghan, Sanne, Yvonne and Zaher,

 

FRES does not support single organizations like your school. We establish our own companies in developing countries that than give households and small enterprises or schools access to electricity. We’re not based in Cameroon (yet), so there’s no way we can help you on this. Maybe you can turn to www.self.org for support. 

 Good luck on your mission!

 

Kind regards,

Annemiek Jonker

FRES project manager a.i.

Self

The mission of the Solar Electric Light Fund is to provide solar power to the part of the world population still living in energy poverty.

SELF defines energy poverty as a lack of access to clean and sustainable energy systems. SELF believes that energy is a human right.

The Solar Electric Light Fund has been working in the field of sustainable energy for over 18 years, especially in the U.S., Africa, Asia and Latin America. SELF trains solar technicians and has developed the Solar Integrated Development Model. This model is based on three principles:

1. SELF Determination - Projects are chosen by the people in rural communities as full participants, acting independently. The villagers determine priorities as well as the extent of the project.

2. SELF Help - Villagers can provide their own solar systems through micro-credit financing. Each family pays for its own system and participates in the ownership of community systems.

3. SELF Reliance - Villagers are trained to install, maintain and replicate their solar systems. In addition, a store of spare parts is provided as part of the initial project funding.

Each project depends on the needs and leadership of the community and because of this model the community is committed to the project.

We have tried to contact SELF, in order to tell them about Goodness and Mercy Missions’ initiative of building a self-sufficient school in Jinkfuin (Cameroon). This was our mail:
Dear Sir/Madam

Goodness and Mercy Missions plans to build a school

for underprivileged children/orphans in a village in Cameroon (Jinkfuin).

The school has to be self-sufficient.

Is it possible for SELF to start a new project in Jinkfuin,

in order for the school to have access to sustainable energy? 

We look forward to hearing from you soon,

Joris, Meghan, Sanne, Yvonne and Zaher

Goodness and Mercy Missions

Goodness and Mercy Missions is a non-governmental organization in Cameroon. GGM works with youths and youth groups. They discourage laziness among youths, hold lectures on HIV/AIDS and other useful topics. They also organize sporting activities for the youth. Special attention is paid to computer courses, because it is becoming more and more important for people in search of employment. Youngsters who have followed this computer courses are able to find work in offices, schools, colleges or they start their own computer institutes and earn their own money. GMM tries to help orphans and the underprivileged children in the communities. Most of these children are sent to primary school while at the same time, GMM tries to get international sponsorships for these children. Gardening has become a thriving business in Cameroon. The children in the GMM schools are trained to produce their own small scale gardens which will enable them to earn a living by selling their self-made products. GMM encourages education at all levels. They encourage parents to give their children a good education and support educational programmes at all cost. The primary school in Jinkfuin is established to provide for the needs of disadvantaged children.
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