Introduction to Curriculum

At K-12 level, there are many approaches to teaching energy. Each approach has its only criteria with respect to using energy and other relevant concepts to explain phenomena. In our project, we use the following criteria. 

1. Tracing energy in a practical way  

Some literatures suggest tracing energy in a strict way. For example, since both oxygen and glucose are the reactants of cellular respiration, we should state that heat released in the chemical reaction comes from both oxygen and glucose and that the rest part of the original energy of the reactants goes to carbon dioxide and water. However, this leads to unnecessary difficulty when tracing energy. First, it would be difficult to identifying primary energy sources/resources. For example, when explaining how human use energy to do exercise, we usually view glucose as the energy source, because glucose has high energy bonds and thus provide most energy for doing exercise. If we include both glucose and oxygen as the energy source, it would be unclear which reactant is the primary energy source. Second, the strict way of tracing energy will also bring confusion when introducing the idea of energy conservation and degradation. For example, in the case of cellular respiration, the strict way of tracing energy takes into account the energy of carbon dioxide and water and thus make it difficult to talk about energy transformation and heat dissipation. Hence, in this curriculum, we suggest to use a practical way to trace energy: With respect to energy of substances, we associate energy source with high energy bond substances. In the case of environmental systems, this kind of energy sources is always associated with organic carbon. Some examples are glucose, cellulose and hydrocarbon.  

2. Use energy forms as a tool to foster the interpretation of energy conservation and degradation

There are many critiques toward using energy forms at K-12 level. One criticism is that it implies that there are different kinds of energy. This problem can be solved by change the name like replacing “energy forms” with “energy types”. However, there is another problem – no consistent rule is used to categorize different energy forms. First, the same energy can be treated differently depending on different situations. For example, light energy got its name because it is associated with light. Light energy can also be called electromagnetic energy, since light is electromagnetic wave. When we examine the photon-electron interaction, it would be more appropriate to treat light energy as kinetic energy of photons. Second, there are many criteria to categorize energy forms. The categorization may depend on whether energy is associated with process or state of the system. For example, heat is an energy form associated with process and chemical energy, light energy, kinetic energy, etc. are energy forms associated with the state of systems. The categorization can also be determined by whether energy is at macroscopic or microscopic level. For example, some energy forms are used at macroscopic level like potential energy and kinetic energy of objects or systems. Others are at microscopic level like thermal energy which, in nature, includes kinetic and potential energy of the particles of the substance. 

However, the concept of energy forms does have it unique advantage. It connects visible phenomena with invisible concept. Students, based on their identification of the indicators – macroscopic phenomena like fire, light and movement, can gradually recognize different energy forms and further understand the process of energy transformation. Thus, instead of teaching the concept of “energy form” per se, we suggest to use the concept as a tool to scaffold students toward a conceptual understanding of energy conservation and degradation. 

3. Connections to Environmental Literacy Project Framework

In Environmental Literacy Project framework, there are three key aspects of scientific accounts: structure of systems, constraint on processes and changing over time. The first two parts of energy curriculum – energy transformation at macro- and micro- level; energy flow at large scale, combine the ideas of structure of systems and constraint on processes. This approach is elaborated in the energy paper. In brief, we expect that students can first identify energy forms based on observable indicators. Then they gradually establish the idea that, in each process of energy transformation, the total amount of energy is conserved but available energy decreases.

The last part of energy curriculum – social implication: two case studies, integrates the idea of changing over time and using scientific reasoning for responsible citizenship. The latter is another big idea of the project’s framework. The two case studies, energy crisis and global warming, are about human’s long-term impact on the supply chain and waste disposal chain. Based on the understanding of energy conservation and degradation in the process of energy transformation, students understand that, over time, human’s behaviors will change environmental systems. Based on that scientific reasoning and the data they collected from multiple sources, students make their arguments and take action to solve environment problems. 

Energy Transformation at Microscopic and Macroscopic Level – Differentiating energy conservation & degradation from matter conservation
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* That the excess energy is released by chlorophyll as heat (or some times as both heat and photons) is not required by National/State Standards. In Energy Paper framework the relevant cell is labeled as N/A.

Cellular Respiration

(Example: Human do exercises)
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Combustion

(Example: Power plants burn fossil fuels)
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Key ideas:

1. Use indicator to identify energy forms.

2. Identify energy source/resource. 

3. Differentiate energy conservation & degradation from matter conservation : Matter is conserved. Total energy is conserved, but there is always part of energy dissipating as heat and thus becomes unavailable for further use.  

Energy Flow at Large Scale – Energy is conserved but not recycled

Energy in ecosystem
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An Example of energy flow in food web

(The size of arrows do not indicate the exact quantity of energy)

Key ideas:

1. Use indicator to identify energy forms.

2. Distinguish between energy source and energy resource.

3. Understand energy transformation in each step. 

4. Energy is not recycled:

· There is always part of energy dissipating into environment as heat and thus becomes unavailable for other organisms. 

· Although in food web the products of decomposition can be utilized by plants, decomposition is the last stage of energy flow. After that, all the energy originally involved goes to environment as heat and thus becomes unavailable for any organism. 

Energy in Human Engineered System
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An example of human using energy in engineered system (Household electricity use)
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An example of human using energy in engineered system (Car running)

Key ideas:

1. Use indicator to identify energy forms.

2. Distinguish between energy source and energy resource.

3. Understand energy transformation in each step. 

4. In each step, there is heat dissipating. 

5. When certain amount of electricity/gasoline runs out (e.g. lamp is off or car stops), all the energy originally involved goes to environment as heat. 

Social Implications – Two case studies

Supply Chain – Energy Crisis

1. Heavy dependence on non-renewable energy resources can lead to energy crisis. 

Students first distinguish between renewable energy resources and non-renewable energy resources. Then they collect data to support the argument that human activities largely rely on burning non-renewable energy resources. Based on the principle of energy degradation, they make the argument that large use non-renewable energy resources can lead to energy crisis. 

2. The advancement of technology cannot solve the problem of energy crisis. 

Students first understand that technology can improve efficiency of using energy, but, no matter how advanced the technology is, human cannot utilize all the energy from energy resources. Then they collect data to support the argument that despite the dramatic improvement of technology, human’s changed behaviors (e.g. largely relying on motor vehicles instead of non-motor vehicles for transportation; driving more SUVs instead of small cars) can lead to more energy use and lower energy efficiency. 

Waste Disposal Chain – Global warming

1. What is the major cause of global warming? 

· Characteristics of greenhouse gases – Short wavelength light like sunlight can go through the atmosphere, but long wavelength light like infrared is trapped by them. 

· Earth’s surface absorbs sunlight and emits infrared. 

· Greenhouse gases: Carbon dioxide. Other greenhouse gases include water vapor, methane, nitrous oxide, FCF. 
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2. Why is carbon dioxide in atmosphere increasing dramatically? 

· Burning fossil fuels

· Deforestation 

3. Take action. (Ref. A plan to keep carbon in check)
Students investigate ways of controlling carbon dioxide emissions to solve global warming. 

· Alternative energy resources – Use other resources like wind, nuclear and solar energy resources to displace coal as the major energy resource for electricity. 

· Consumption behaviors – Increase efficiency and decrease consumption of using electricity in homes and of using gasoline for car running.

· Agriculture and forestry 

· Carbon capture and storage
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