DRAFT

Curriculum component: solar energy/solar cooking

for teacher training colleges in Afghanistan

Main purpose of the curriculum component:

Household energy has become a rare commodity almost everywhere in Afghanistan. The use of solar energy is part of the possible mitigation strategies that need to be developed and implemented in the country to avoid a further decrease in living and food standards. 

Solar technologies are quite new in Afghanistan; a general understanding of the potentials of solar power is still missing. Earlier limited confrontation with solar technologies has not been sustainable. 

Solar cooking is one of the feasible strategies to help confront the delicate energy supply situation especially in rural areas. The use of solar cookers reduces smoke related health hazards, fights environmental degradation and helps decrease at least to some extent household expenses. 

Earlier and current curricula do not include solar power or power generation through the use of sunlight. This is why the GTZ Basic Education Project in Afghanistan - BEPA decided to use its structures to include this highly important topic in its teacher training curricula for basic education.
The main purpose of this component is to enable teachers to tackle this topic in a didactically and methodologically target group adapted way. That is why besides background and factual information suggestions and illustrations for the use of different methodologies are given as well.
Structure of component:

This curricula component is subdivided into 5 different parts: 
1. First some major arguments are given why solar energy /solar cooking should be part of the basic education curriculum.
2. In the next part some basic methodological principles are given and explained.
3. In the following part some general information on solar energy, its potentials and resources in Afghanistan are provided. Furthermore areas of use as well as aspects of impact are introduced.

4. The fourth part tackles all aspects regarding solar cooking including basic technical aspects and instructions for use. Furthermore sensitisation- and distribution strategies are introduced. 
5. The last part gives concrete suggestions of where this component can be easily integrated into existing curricula.

In the annex more elaborate information material should be gathered to provide teachers with further details or related subjects. The annex is meant to be a living document that should be continuously revised or updated by additional or more updated material.
1. Why solar energy/solar cooking should be part of basic education

It is a universal fact that any process that aims at achieving long-lasting, sustainable behaviour changes in a society has to include children and young people. The formal school system allows us to reach a major number of boys and since the fall of the Taliban girls as well.
Furthermore, the schoolchildren of today are the energy users of tomorrow who are certainly at least to some extent already familiar with the problem of increasingly scarcer and more expensive energy resources. Schoolchildren can serve as informants and facilitators in their families and living surroundings and can as such introduce new or modified ideas, technologies etc.. 

This is highly important in a culture where women are difficult to reach or address. Thus, mothers will learn through their children about solar cooking The BEPA pilot schools can contribute to the sensitisation and learning process by the organisation of special events focussing on the new technology, i.e. “day of the sun” with solar cooked food. 
This curriculum component aims at helping teachers to achieve the following benchmarks:

The students 

· Know different forms of energy

· Know that the sun provides energy for the earth in form of heat and light that can be transformed
· Understand how the suns radiation as heat can be captured and used for cooking

· Can explain how solar cookers work and how to use them efficiently

· Know about the economic benefits of solar cooking

· Know the benefits of solar cooking for family health

· Know the benefits of solar cooking for the environment

· Are familiar with basic sensitisation and distribution strategies
2. Basic methodological principles

The work with grade school children requires specific approaches that need to be based on their living surroundings. The Afghan school system does not comply with this necessity. It is still very much teacher oriented. Reproductive learning, that is: learning things by heart, repetition of words and sentences without having space for discussion and questions, is still the predominant methodology.. 
This unit follows a much more participative approach. Children are encouraged to actively participate, find out things by experiments, ask questions, develop pros and cons of specific phenomena etc.
Children learn most efficiently when head, heart and hands are included in learning processes inside and outside the classroom. Learning by doing or experimental learning contribute to such creative learning processes.
The following methodological options support such processes:

· To participate in excursions

· To try out things

· To observe and document specific phenomena
· To conduct interviews
· To make comparisons, develop pros and cons

· To present results achieved

The targeted results should be achieved by using varying social forms such as partner -, individual - and group work.
The following chapters will provide teachers with basic factual information. Furthermore, suggestions for active participation of the students are provided. 
Right from the beginning the teacher should underline that:
Reflected sun light can permanently damage eyes. DO NOT look directly into reflected light. 

3. General remarks on solar energy

3.1 energy sources in Afghan villages

The sun is a constant source of energy, most of which comes in the form of visible sunlight. All over the earth the sun is by far the most important source of energy for all living things. Without it earth would be lifeless. Estimates indicate that in Afghanistan, solar radiation (Radiation: the way we receive heat from the sun each day. The sun’s energy is emitted in the form of waves and can move from one object to another without heating the area in between) averages about 6.5 kilowatt-hours per square meter per day, and the skies are sunny for about 300 days a year. Consequently, the potential for solar energy development is huge.

However, solar energy is still totally under- or even unused in Afghanistan, its potentials widely unknown.

A very good introduction into the subject consists in helping students find out about energy sources and consumption patterns in their respective villages

This could be done as follows:

Exercise

Ask students to split up into groups of 4 or 5. 
Tasks:

- Which sources of energy are used in your homes and in your village?
- Make a list of all the sources and write them on the left side of a poster paper.
- On the right side write down for what the different sources are used.
if necessary give a concrete example like : wood --- cooking and ask students to continue in the demonstrated way. Or – depending on the age and background of the students - you could develop the list together in a guided classroom discussion. A completed list could look like this:
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In a next step students should realize that generally the highest amount of energy is used for cooking.  

The teacher may introduce the chart below from a village in X to demonstrate this fact, or depending on the age and background knowledge of the students such a chart can be jointly developed in the classroom. The teacher could ask the students about the percentage their families pay approximately for the different energy uses like lighting, radio etc. The important thing to bring out is that students realize the crucial role cooking energy plays in Afghan households.
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3.2. solar energy

In a next step the teacher should address the main topic of solar energy. Solar energy has many household uses and will become more important to future generations as fossil fuels and trees are used up. The following learn-by-doing activities explore solar energy, how solar cookers work and how to put solar energy to work in other ways. They can be adapted for all ages.

As an introduction the teacher could start with a short brainstorming exercise asking the students if they know what solar energy could mean, what they think when they hear the term or a similar question.
In the following discussion the teacher should bring out that sunlight could be a practical source of energy for such everyday jobs as cooking, heating up water and warming homes. The challenge is to find ways to transform sunlight into usable heat. 
Since cooking is something every family has to do every day throughout the year this component will focus on solar cooking respectively solar cookers. The use of solar energy saves resources that are otherwise used. For example solar cooking, solar water heating saves wood and/or other fuels. This aspect should be highlighted by a little exercise that requires the active participation of all students.
Exercise:
Task:
Ask your family members, neighbours or whomever you would like to talk to the following question:

- if you needed only half of the firewood/dung for cooking what would be the consequences?
Collect the answers and write them down:
The following day the answers are gathered and written on the blackboard. It is interesting to see which answers are most often given.

The teacher should take care that the aspects

- environment (erosion, deforestation..)
- health (smoke – dangerous for eyes and lungs)
are present and discussed in more detail

4. Solar cooking

4.1 How do solar cookers work?
The solar cooker is a simple construction of two metal wings equipped with a layer of reflective foil (reflector: shiny device used to alter the path of light) capable of directing concentrated solar energy into the base of a cooking pot or kettle held by a thin metal ring above the wings. The sun’s rays then heat the pot or kettle to temperatures suitable for cooking or boiling water. In this way, the preparation of food can become healthy and environmentally friendly.
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This is the solar butterfly cooker that works according to the reflecting principle explained above. It is extremely important that the surface with the reflecting foil is always clean and not covered with dust or dirt. This would reduce the capacity of reflection
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The cooking process can be accelerated by the use of black pots and kettles.
In order to really understand the principle of reflection and the role of black coloured pots and kettles students need to know some basic rules about light. They have to understand that sunlight affects materials, and materials affect sunlight in various ways.

If the material is transparent (like some glass, plastics, water, etc.), light goes right through it almost as though it isn’t there. If material is shiny, it reflects most light away. If the material is very dark, light seems to soak in and disappear. It is absorbed.

To make students understand these mechanisms the following exercises are suggested:

Exercise:

What you need

• A sunny day (early or late, when there are longer shadows)

• A sunny wall

• One or more items that are (1) transparent — clear plastic bag, glass, etc., (2) metallic shiny — metal pot, mirror, etc., (3) black metal, (4) black or dark coloured cloth, and (5) white or light-coloured cloth

Activities

1. Have students hold the items near the sunny wall.

Discuss which ones let light through (transparent items) and which block the light and make shadows on the wall.

Discuss which materials reflect light (shiny and light-coloured) and which ones absorb.
When absorbed (not reflected), light seems to disappear. What happens to it? The change from light into heat can be demonstrated with the following exercise:
Exercise:

What you need

• A sunny day (early or late, when there are longer shadows)

• A sunny wall

• One or more items that are (1) transparent — clear plastic bag, glass, etc., (2)

metallic shiny — metal pot, mirror, etc., (3) black metal, (4) black or darkcolored

cloth, and (5) white or light-colored cloth

Activities

1. Set out all the materials in the sun (to check later).

2. Have a student stand in the sun with eyes closed and both hands outstretched, like a statue. Put white cloth over one hand and black cloth over the other.

Have other students guess which hand will feel hotter. Then ask “statue” —without opening eyes — to tell which hand feels hotter. (The hand with the black cloth should quickly feel warmer.) Let everyone try this.
3. Have students feel all of the items which have been sitting in the sunlight and decide which is hottest and which is coolest. See if they all agree.

Ask which types of materials get hotter — those that reflect or those that absorb.

(Black items should be hottest, shiny and transparent should be coolest.)
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Now students should really understand why dark cooking pots are best and people should stay away from shiny pots & pans which reflect light instead of absorbing it. 

It would be a nice exercise to compare/contrast cooking in light and dark pots of equal size

4.2 When can we use solar cookers?
You can typically cook two meals per day — a noontime meal and an evening meal. And you can of course heat water throughout the day.You cannot cook early in the morning or after sunset. The sun is most intense between 10:00 a.m. and 2:00 p.m, which is when the solar cooker should mainly be used. 
Even on cloudless days, the amount of solar energy changes with the time of day and the time of year. Solar energy is strongest when the sun is high in the sky (when shadows are shortest). The outside temperature is not a big concern. It's the amount of sunshine that's critical.
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Here you can use a nice exercise to make students aware of the relation between the changing position of the sun and the length of shadows which is important for solar cooking.

Exercise:

What you need

• A sunny day

• Open ground that will be sunny all day and 2 sticks 
Activities

1. Early in the day push the end of a stick into the ground straight up 

2. Use the other stick to mark the whole length of its shadow and place a stone at the farthest point. 

3. Draw a line along the shadow every couple of hours throughout the day, and each time place another stone at its farthest point.

4. Discuss when shadows are shortest (middle of the day) and longest (early, late in the day), how shadows would be different at other times of the year
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An additional exercise could be to use thermometers, measure and graph water temperature in a solar cooker throughout the day.
Here is the best place to confront students with one of the aspects that are perceived by many users as a clear disadvantage. The fact that solar cookers need to be adjusted according to the position of the sun around every 20 to 30 minutes. 
Go out and demonstrate the adjustment with the solar cooker that all pilot schools of BEPA should have. Come back after half or one hour to show students the need for readjustment. 
4.3 How long does food take to cook on solar cookers?
There are many factors that affect the speed with which your food cooks in a solar cooker, including time of year, amount of sun, type of pot and amount of food. The following table summarizes some important factors.

The teacher could present this table to the students and discuss the different items. This discussion can serve as a repetition to see if the aspects tackled so far have been well understood.
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4.4 How can we convince people to use solar cookers?
(to be discussed if this chapteror the second part of this chapter  is only for elder students!)

Introduction of a new technology is not as simple as one may think, even if it is user-friendly, efficient and cost saving. Tests in various developing countries have shown that the main necessary precondition for the acceptance of solar cockers is a severe scarcity of cooking fuel. 

In order to successfully introduce a new technology you have to be aware of the following aspects:

· Pros and cons of the new product

· Whom to address and/or who are decision makers

The teacher can in a guided classroom discussion jointly develop a list of pros and cons. Or students could be asked to find out through talking with family members. 
In any case the students should be familiar with the following aspects:

Pro's:
· Can be used in any location with sun
· Sunshine is free, you need no other fuel when the sun is shining
· You need other fuel only for evenings, cloudy days and for warmth when weather is cold
· it is safer and healthier
· When you use a solar cooker there is no fire to cause burns or blow out of control

· Solar cooking is smoke free which reduces eye and lung diseases

· You can easily boil water to reduce water borne diseases

· Kitchens are kept cooler in the summertime

· solar cooking is convenient and clean

· You don’t need to start and attend a fire on hot, sunny days

· There is no soot on pots, clothes or in the kitchen, pots are easy to clean

Con's:
· You need sun!
· The cooker needs to be regularly turned to face the direct rays of the sun

· Clouds, smog, wind and cold temperatures reduce the cooking power. 

· User as well as users surroundings have to be convinced of the new technology

· User needs to know that there is a support structure in case of problems like repair ..

· The new technology has to be understood as an additional option, it is not the one and only solution

Various parts of a society take up new ideas in sequence and at different rates. The following graph gives an overview over typical patterns of acceptance of new technologies.
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What does this mean for Afghan villages?

The teacher should in a guided classroom discussion develop of simple sample of a village profile that shows the hierarchical structure of rural communities. In this context the tasks and importance of the following village authorities should be discussed:

· Mullahs

· Shura members

· Possibly CDC members (where NSP has introduced this structure)
· Maliks

· Doctors 

· Teachers

· Possibly leaders of women’s groups (female shura members), if existent
Students should be asked if there are additional persons that play an important role in their villages.  (exercise with metaplan as an illustration of this tool introduced by me)
The teacher should make sure that students are aware that any sensitization strategy needs to address these people in order to get their consent. 
Then the teacher could initiate a discussion about possible locations of sample solar cookers to make people/women familiar with the new technology. For example health points (possible to reach for women as well), schools etc.
The teachers should always make sure to first ask the students about their ideas before giving basic information themselves

5. Options of integration
There are two main strategies for integrating a solar energy component into existing curricula:

· As an independent cross curricula project 
· As a separate unit that can be integrated into specific curricula

The first option requires a group of teachers who support such a project and who jointly implement such a unit thus applying a cross curricula teaching and learning approach. 
The second approach includes a number of different options. Solar energy has an impact on various life and work related spheres. Thus this topic can be linked to different curricula or subjects. The following graph illustrates possible options:








6. Annex

The annex is meant to be a place where all kinds of background information could be gathered for further or more detailed information of the teachers. They can decide which or what parts of the information they may wish to use for their classes.
As such the annex is a true living part of the curriculum, especially since solar energy devices, technologies etc. will certainly develop in Afghanistan. 

Thus, newspaper articles, studies, speeches, pictures, quotations, research results and other (solar) energy related information should be continuously included in the annex.
The example given below is taken from a study done in China in early 2000. It is informative and could be used for teaching purposes for students that are already familiar with basic household energy patterns.
Energy Ladder

To describe a hierarchy of household energy options characterized by traits such as cost, energy efficiency, cleanliness and convenience. Fuels which are available for free or very low cost, such as wood (in earlier times), dung and crop residues are the dirtiest and the least convenient to use. Cleaner, more convenient fuels tend to transfer heat more efficiently, are easily controlled over a range of heat outputs, and are much costlier. They may require large lump payments for the fuel as with LPG, or large up-front expenditures for the stove, as with gas and electric cookers.
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Languages


- texts about tasks of women, today and in earlier times


-Translate information about solar cooking into (or from) another language (Dari/Pashto)





Physics


- solar radiation


-principles of reflec-tion


-relation of boiling temperatures and altitude of location








Geography


- energy resources


- types of cooking fuels, where they come from, and their effects on the environment
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Health


-impact of smoke on health


-reasons for increase in smoke related diseases


-importance of properly cooked food 


The smoke inhaled by a kitchen worker in a day is equivalent to around 100 cigarettes





Social studies


-Interview households about cooking fuel costs, time spent on cooking and gathering fuel


-effects of fuel shortages on family health and nutrition





Mathematics


-comparative measuring of cooking times-


-Calculation of con-sumption of firewood –amount of money a family can save daily, monthly…
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About 1/3 of any population are the so called mainstreamers, they try new ideas only after natural leaders do


The rest of any population – about half – will only try new ideas like solar cooking after many mainstreamers are using solar cookers regularly. The neediest are usually in this last group, to survive they avoid risks especially with scarce food





About 2 % of any group take up new ideas immediately but tend to be viewed as special people. Others usually don’t follow their example


About 15 % are natural opinion leaders who are curious to explore new ideas. Their opinions are valued by most others in the community
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